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ether) resins. In particular process for preparing high
intrinsic viscosity poly(aryl ene et hawpgo¥ esins. Commercially avail abl e
poly(arylene ether) resins typically have 5 nunber average nol ecul ar
wei ght s AREPARATIODDOFTHIGH NTRINSICYVISCOSITY POIN(ARNISENEIETHER)f about
0.25 to about 0.60 deciliters per gﬁgﬂ: dL/g) nmeasured in chloroform at
25C. Wil e high nol ecul ar wei ghts correlated with high intrinsic
viscosities, there is no sinple conversion between the two neasures because
of the conpl ex dependence of intrinsic viscosity on the 10 particul ar
nol ecul arBAEKGROUNBDIOF THE oveNToMnpl e. Preparati on of pol y(aryl ene
ether) resins, including sone high intrinsic viscosity resins, is described
i n commonl y aSS|gned U. S. Patent hb 3,219,625 to Bl anchard et al. This

ref erence gen descr es the tion ol.y( phenyl ene, et her)
resins usi ng e@&ogq t§SWta g*’fsdér tﬁ@ atifg ‘gyl?‘??iﬂ&’fglepﬂgands 15
Exanpl e tﬁ’é‘ﬁ S ¢t her

W t hrrpan %nt ri (r%'g?lggvgé@%r@&ﬂ flﬁf'élé’ﬂég‘?éfﬁﬁlo é%n@legr act | m xt uirig I n V\/m) ch
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with an intrinsic viscosity of 1.46 dL/g from a reaction mixture in which the

molar ratio of 2,6-dimethylphenol to copper catalyst (calculated per mole of

copper atoms) was 13.5.

Commonly assigned U.S. Patent No. 3,306,875 to Hay generally

20 describes a synthetic method utilizing a tertiary amine-basic. cupric salt

eomplex as oxygen-carrying catalyst. Example 11 of this reference

demonstrates the preparation of poly(2,6-dimethylphenylene ether) having an

intrinsic viscosity of 2.07 dL/g. In this example, the molar ratio of starting
material 2,6-dimethylphenol to copper catalyst is 4.05, and the solids content

25 of the reaction mixture is 5.7%. |
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secondary nonoam ne and a brom ne conpound. Pol yphenyl ene ethers 15
prepared in the exanples exhibited intrinsic viscosities in the range 0.5
to 0.6 dif@oz/d3% Patent No. 4,440,923 to Bartmann et al.pEEosiiAbiog
descri bes a nethod of produci ng pol yphenyl ene ethers by reacting a

di -ortho-substituted phenol with oxygen in the presence of a copper-anm ne
conpl ex, an activator of 20 a polyval ent al cohol, an alkali or alkaline
eart h hydr oxi d€pmanonlyopssigmed |%.S. t Patehy dNobrqo28ig4nf tea Hay ogederallyani ne.
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pol yphenyl| ene ethers for use in 0%sym‘reﬁrl ¢ hol Igw fi ber 30 nepbranes (see

J. Snid, larggscale mamagiuringpfpolyphenylenesetiers dueie Ayarigty of factgsso2/ 12370
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pol yphenyiveightst [deceeates ia \prodecty mblecelas omeightn duritigh gsélationegaartd on r at es
and . .low frgational yields of the desire - O coupling. 5 European Patent
Appllbcat i gﬁﬁﬂbl%eﬁ§§¥@§1tﬁlfdalpc9rﬂﬁl}ﬁ?Bre&P“é‘lgondescri bes a gas separation
apparatus with asymetric hollow fibers conprising high nol ecul ar wei ght

pol y(2, 6- di met gyhiiheily! £8RMeHNEIS:  PARakt Noulg é21,2?@|t‘é(ﬁeﬁ%tﬁe.lﬂ?3€tpélenﬂ ene
et hers havi ng wei ght average nol ecul ar wei ghts of 105 to 5x106. No gui dance

i s provi deendrally sleseribesng pethod of symthesizing, nelyphendene eshersrwsing & hi s
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modi fi ed %@ﬁp h%#llgﬁgﬁggef:@?ﬁbgs %%‘!S?r‘edﬂg‘F a‘iljgg[ﬁﬁ%?r LY Eﬁﬁ%&d%‘ﬁ#ﬁ a

seloar alt i osweco_Bdtﬁm( phemydntine ahfiea)brroaﬁh ascanngpmJMri Pbl;thtelﬁyleﬁavml etspwh

mol ecul ar wei . C nents (l.eayi a,nynber ayverage nol ecul ar wej ght

gr ejger tH%Pa%B‘i %%amﬁlﬁ%%’d%’iﬂf@aﬂﬁml? Bisgosnes ’c%&‘erﬁﬁpgﬁi%g"@ré)l oyed in
the gas sgpasation nenbrane. There remains a need for an economi cal and

readily scalable process to directly afford high nol ecul ar wei ght .
poly(arylene ether) resins suitable for use in such applications as gas

separation. BRUE: 0. Gh47PR3NVEBartnarD eboly generadlyedescribey a esi ns
cconon calgBad BELHAGRME pOTPABhERE SihoiR by ottty & d'cRufeRiFRuited ¥ 2
phenol with oxygen in the presence of a copper-amine complex, an activator of

20 a polyvalent alcohol, an alkali or alkaline earth hydroxide, and, optionally, the
hydrobromide of a secondary amine. Example 7 in this reference describes

the preparation of a poly(2,6-dimethyl-1,4-phenylene ether) with an intrinsic
viscosity of 0.72 dL/g using a molar ratio of phenol to copper of 55.0.

A mechanistic study of 2,6-dimethylphenol polymerization by Endres

25 et al. describes the synthesis of polyphenylene ether products with intrinsic
viscosities as high as 1.35 dL/g (see G. F. Endres, A. S. Hay, and J. W.
Eustance, Journal of Organic Chemistry, volume 28, pages 1300-1305
(1963)). Procedures from this reference were employed by Smid et al. to
synthesize polyphenylene ethers for use in asymmetric hollow fiber

30 membranes (see J. Smid, J. H. M. Albers, and A. P. M. Kusters, Journal of



3 WD 02/12370 PCT/USA /18202 reacting oxygen with a phenol in the
presence of a netal conplex catalyst conprising a catalyst netal to forma
pol y(ary GuELher . wherein the reaction is conducted i rp@fusyisdehC
sol vent, e phenol concentration is about 5 to about 15 wei ght percent of
the sum of phenol and solvent, the nolar ratio 5 of catalyst netal to the
phenol is about 1:100 to about 1:200, and the phenol has the fornula a Q.
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U.S. Patent No. 5,348,569 to Bikson et al. describes modified
poly(phenylene ether) based membranes for enhanced fluid separation.

)

Poly(phenylene ether) resins were purified to remove low molecular weight
components (leaving a number average molecular weight greater than
15 25,000), then sulfonated to yield the materials employed in the gas separation

membrane.

There remains a need for an economical and readily scalable process to
directly afford high molecular weight poly(arylene ether) resins suitable for
use in such applications as gas separation.

BRIEF SUMMARY OF THE INVENTION

20 Poly(arylene ether) resins having intrinsic viscosities not less than 0.8

dL/g are conveniently and economically produced in a process:comprising:



reacting oxygen with a phenol in the presence of a . netal conplex catalyst
conprising a catalyst netal to forma poly(arylene ether), wherein the
reacti onw@gogagpcted in an organic solvent, the phenol qaweswigdoron is
about 5 5 to about 15 wei ght percent of the sum of phenol and solvent, the
nolar ratio of catalyst netal to the phenol is about 1:1o00 to about 1: 200,
and the phenol has the formula ¢ @ | wherein X is selected fromthe group
consi sting of ay@mgeRygehvith rephéfolbirothe gresenceodli aemelli eoraplesnoval ent
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sel ect ed&t tf&‘?% e group as Qand in addl tion hal ogen with the provi so
that Q s 8‘ an ‘" are all free of a tertiary al pha carbon atom 20

recovering the catalyst nmetal using an aqueous sequestrant solution; and;
isolating the poly(arylene ether) by P eci pi tation, wherein the isolated
poly(aryl ene ether) has an intrinsic |scos,ty greater than about 0.8 dL/g
measured at 25C in chloroform 370 PCT/USO /18202 Preferred

V
phenol s are those according to striyjcturejl above in which Qand Q are
hydr ocar bon radi cal s having from 1lito 8 farbon atons, and Q and . Q' are
hydr ogen. Exanpl es of highly prgef€rired”p l s include 2, 6di net hyl phenol
2- met hyl - 6- et hyl phenol, 2-net hyl -6-al lyl phenol, 2-nethyl-65 phenyl phenol,
2, 6-di butyl phenol, and 2-net hyl - 6- propyl phengl . The nol ecul ar wei ght of a

poly(arylene ether) resin can be reduced by so-called chain stopper
inmpurities in the phenol starting material. Generally, a chain stopper is a

phelnol]I haﬁ;h@g?@ )gopg @eﬁp’lcekﬂceﬁhhgﬂfwigmtqz ummslsrlﬁgt ?llé hgph‘ege;;,odﬂom&rrﬁl es
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the gheg{’g%%&% Wpoﬁyﬁar ene etﬁﬁg% nol e‘gltlﬁar vve| gat uI n partjcul ar,
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In“t he net hod gen IS reacte h henol the
presence dnlal@ydmcatrb@mam radieals Qlaymg am 1 48| B&&;\F@‘é’(’? Fnstmd nt hesi s
of p% y( arlé/as‘t:‘\ R&0 carbon atoms between the halogen atom and the phenol nucleus; Q,
~Q” and Q™ are, independently, selected from the same group as Q and in
addition halogen with the proviso that Q, Q°, Q" and Q™ are all free of a

tertiary alpha carbon atom;

recovering the catalyst metal using an aqueous sequestrant solution;

20 and

isolating the poly(arylene ether) by precipitation, wherein the isolated
poly(arylene ether) has an intrinsic viscosity greater than about 0.8 dL/g
measured at 25°C in chloroform.

DETAILED DESCRIPTION OF THE INVENTION



20 ether) resins include those conprising such catalyst netals as
manganese, chrom um copper, and m xtures conprising at | east one of the

f oregoi ngyayei/ps Anong netal conplex catalysts, it is prrefmuseedsioo use a
copper conpl ex catal yst conprising a secondary al kyl ene di am ne |igand. The
copper source for the copper conplex conprising a secondary al kyl ene

di am ne may 25 conprise a salt of cupric or cuprous ion, including halides,
oxi des and carbmethaed of preparingipoly(ayylensether)sreamprisest ovi ded in t he form of
a preforned salt of the al kylene diamne |igand. Preferred copper salts

i ncl ude cuprous halides, cuphic halides iromxtures. ially
preferred arer?a(&mﬁ 8Ef¥g?ﬂ c‘!ﬁﬂbé‘s,p,ﬁe ﬂpﬁ Eﬁ‘gg’ggkgjﬁg,&aﬁd&teﬁ%ﬁoﬁﬁgures. I t

i s expresgtalyst @offpHidinp laddaeslystanetad taforia P&lyéé ety etherpvheeeinrthe salts as
described in, commonly assjgned European Patent plication No. 111,722 to
Bennett deaction is condipctst oy organiy sedvent; tegphenol eepeenraldon ihout 5

preferre Q . y. di am ne
e, - G0 1 W pRL e SATPL! Dihdh DRCEIRI i hblaEREH); 7
comonl y ofsatgdystdnétabio Phe phenodlbis abolif 8:1861tot abouyl: 200l andtheephaxdnt ed by
formula LI 5 -NH-R~-NH- R~ || wherein Ra is a substituted or unsubstituted
di val ent hagdhe rein two or three aliphatic carbon atons formthe

cl osest |link between the two diam ne nitrogen atons; and Rb and Rc are

i ndependently isopropyl or an a-tertigdy al kyl group having fromfour to
about eight carbon atons. Exanpl es ofl Ra 10 i ncl ude ethyl ene,

1, 2- propyl ene, 1, 3-propyl ene, 1,Q;butyfene, Ql, 3 butyl ene, 2,3butylene, the
vari ous pentyl ene isoners having T \m to three carbon atons separating
the two free val ances, phenylethyl§g ol yl et hyl ene,
2phenyl -i, 2-propyl ene, cycl ohexyl e, 1., 2- cycl ohexyl ene,

i, 3cycl ohexyl ene, i, 2-cyclopro@¥l ene,Yi, 2-&/cl obutyl ene,
i,2-cyclopentylene, and 15 the like. |A highly preferred Ra is ethyl ene.
Exanpl es of Rb and Rc include isoprop¥yl, t-bityl , 2-nmet hyl -but-2-yl,

2- met hyl - pent-2-yl, g-nethyl-pent-g-yl, 2,3-dinethyl-buty-2-yl,

ety WHersfEX 116, clected rrof 'L "Hophe Boadiang ofEBodnT BRI | o
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, N -di -t-butyl et nedi agi ne . Suit e.nolar ratios of copper to
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comonty SRR Baneis Tagill hagie otnYs "Bh AbBECa, BB ablifs. SR

r epyesentigdolpdrbesrihenaxy rhdicatsNiveg Flom 1 to about 8 carbon atoms and at

least two carbon atoms between the halogen atom and the phenol nucleus; Q’,

Q” and Q' are, independently, selected from the same group as Q and in
addition halogen with the proviso that Q, Q’, Q” and Q™ are all free of a
tertiary alpha carbon atom;

20 recovering the catalyst metal using an aqueous sequestrant solution;
and;

isolating the poly(arylene ether) by precipitation, wherein the isolated
poly(arylene ether) has an intrinsic viscosity greater than about 0.8 dL/g
measured at 25°C in chloroform.



WO 02/ 12370 PCT/ USO /18202 wherein Rd and Re are independently al kyl having
froml to 12 carbon atons, and preferably al kyl having from3 to 6 carbon
atons. BExaypiesief the - secondary monoam ne i ncl ude di - rrquosdyhso ne,

di -1 sopropyl am ne, di-n butylam ne, di-sec-butylam ne, di-t-butylam ne,
N-isopropyl-t-butylamne, N 5 sec-butyl-t-butylamne, di-n-pentylam ne,
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ratios b%&ﬁfé&(ﬂ@sﬁﬁm tolré’dhcbqhelé@ﬂéenlrﬁibn of ahafnaétbﬁpml iarordet te¢ of metal
conpl ex catalyst (neasured as noles of 25 netal) to phenol is about 1:50 to

about 1: adkievei the dughest1possibleopelybanylenes stherdi molesudars weight. andn about
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source for the copper complex comprising a secondary alkylene diamine may
25 comprise a salt of cupric or cuprous ion, including halides, oxides and
carbonates. Alternatively, copper may be provided in the form of a pre-
formed salt of the alkylene diamine ligand. Preferred copper salts include
cuprous halides, cupric halides, and their mixtures. Especially preferred are
cuprous bromides,' cupric bromides, and their mixtures. It is expressly
30 contemplated to use mixtures of cuprous and cupric salts as described in
commonly assigned European Patent Application No. 111,722 to Bennett et al.
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15 solvent systemthat wll cause themto precipitate while permtting the
| ower nol ecul ar wei ght polyners to remain in solution until they formthe

hi gher my{&eiH8% Wwei ght polymers. Preferred sol vents i nclpgieussiagsmeti c
hydr ocar bons, and toluene is highly preferred. A suitable starting
concentration of phenol is about 5 to about 15 wei ght 20 percent,
preferably about 6 to about i2 weight percent, nore preferably about 6 to

%bf)ut h10 \A/ei glbts mgi%n"eg abgse,ch pﬂeféhﬁd_taop_pbr wm@mf cdtalysecoprises aol vent .

t he phenol may_be added at fhe begjnni of the reaction,, .

Al t er nat ispeondargnhalkylenga aﬁ@nﬁd]éﬁ?dlcfn%dﬂ?@i%tﬁc%?g%nmlﬁgﬁsd‘éﬁﬂﬁﬁts during
t he cour i . ir &t [ i m Xt ure
i pur e Aafills abe AeGHHAAN conRiBty di3fimen U.8! PREHERG. WUSB 406 Hap, T

argon, armdadre repkesentEidbycfommiuda llsed as an oxygen source. It is expressly
contenplated to control the phenol and oxygen addition rates as descri bed

in European Patent ApplicatiogyNa. %3 Alr so that about 1./4 to 3/4.
of tthe phenol is in prepol ymgbgﬁgt#&ﬁﬁ a %ut 1/3 to 2/3 of the charge
of phenol has been added to the reaction 30 m xture. 9 WD 02/12370
PCT/ USOL/\{i§eteth Rads aesubktifiited @i wasnbstitened divaderegiduermiyereir twoalrl y be
carried out in_the presence of fne g{ &Bre g‘g“)l onal ﬁg% nts,_ as known
in the arthreq aliphati¢garbonogiemsaforamine S%ﬂta Detyvechy 1€ wat er,
or a pha [ agentnb i I reaction
ok Yt 48A'RY hhd e A8MARBMNAMYy BEBRIIROY draltBiRlS

product wa ti'ng the course o n.”"Det erm nat i on of
react i on dlkyipgoapuhaving dramfeunte abouteight loarkde atorns. tBxasaples o6Rdi nary

Kill in, Gener al | hough i it i f 25C
2ot 35nrEdBiethsRe. L amrevene e PR P gt U bR b e 2 e “Che
exot her Mg, oRLk! QRe Varidi® paR§lehisoimefd havinghfiotn itwonty tBrdeacirbonl ar

limtation on the way the Treaction is nonitored or tern}n&%‘e . As the
react i on giomseseparating thec twasizee yalansepyr phar@yleﬁwﬂgqeartpsé Y€ -

intrinsic,visecqQsit e conty |l o inslJne visconeter.
The r eactﬁmyﬁgé?ﬁoﬁg&ﬁnat e‘%a@gg%kig%l%%’t h‘g"i%(-%%ﬁﬂ%%rﬁ, on A en the

:ar get irﬁyﬁzldl\%kyt h- levies ¢@styiclo §'r§pyleﬁg,hﬁd-.cyﬂdbed ty tl_em,tn?-loyclupenqiml ¢ and .
ermnating the reactjon incl ude the a i on 0 m ner.al, rgani c
aci dj sucﬂ]?aleal!;kfhcéth’@&:l PEE eﬂﬁatéﬁ-‘sa‘ﬁgﬁe%n alﬁgbécﬂfk‘i ?‘%&tﬁcé?gﬁ’éﬁecri bed in
reater i K T i réJ _nbhid it 4 - - ar at us
gsed to ggl?ﬁffp gﬁﬁ %l’p%%%ﬂs/\?@gze%gt%er grr g%%t?%ty?’o%%'ltﬁzl fr)éekgtc on may be
carri ed ozg-dimdthykbutye24yht h3-dimethybaeoh-2-w eaprdimeibybkpentiayl, Progr anmred

be- e oyBetBI SRR e dhTRRING, nd e HRe i el BERHER, L0 o
i ncl udi NgeAnFHIBITER'S hhd Tedis itkyL, cAa! especially Freferred secondaryialkylete 1 r ed

t
tank reactors in series, a hubble colum. reactor, or a colum reactor. In
ordéd to Mmﬂgmw;%@&bw&%ﬂeeemlna&&m@)-p§8}¥e RO (TVDQ)
and achi ey | L giaimidl h.%lllﬁ ' r.eaction
tines, it%ﬁg@g?%ééﬁ&t@%ﬁ?@#@ﬁé@ﬁl%% aﬁs'ezirﬁ‘%- at éﬁ@%ﬁgzc&o??éqtvlbg’or nor e
cont i nuouwithtprefertded aatios beiagdramiaboméniietn aboutar:g) and highly pueferredcol um

reactor. The thod further conprises recovering the copper catalyst using
an aqueou’éat@é%é‘%ggfﬁmaéﬂk}ﬂ@%a qilasl':)fl e techni ques for recovering the
catal yst 30 netal fromthe netal conplex catalyst include those described
in commonly 10The preferred copper complex catalyst comprising a secondary alkylene
25 diamine ligand may further comprise a secondary monoamine. Suitable
secondary monoamine ligands are described in commonly assigned U.S.

Patent No. 4,092,294 to Bennett et al. and represented by formula ITI

RA-NH-Re III



WO 021 12370 PCT/ USOL/ 18202 assigned U.S. Patent Nos. 3,838,102 to Bennett
et al., 3,951,917 to Floryan et al., and 4,039,5l0 to Cooper et al. These

t echni quggo 6218BF9 Se the addition of one or nore sequestr @UTFUSY18200P! ex t he
catalyst metal and facilitate its separation fromthe poly)(aryl ene ether)
product. A preferred nethod for ' 5 renoving catalyst netal fromthe
poly(aryl ene ether) product is described in co-pending, commonly assigned
U. S. S. N. whiet€ihR¥30d Reiare indpendartly allgd hadngdrain Fleera carboboatsts, No.

8CN- 8814] . _Thi hog, ich elimnat | ti [ Bt h | exi
Feagent . AACPEREEDIL ALY HvRe: SO o R0 (ALPAT ALOTBS! y RERTELES Bh it ur e by
b : . . . = | A h q
Iml)(;lwngll ?gcw g cjent P|ﬁ$ u ?dh 'i'i}(lﬂ%&é %ﬁ?ﬁg@ mﬁ?’,grﬂie Rg(?%}:l IS t’h(eﬂral‘ﬂadded to

n mu
t he pol ybatylgphise difSeo%mj%amiBe;bﬁé:qthlamhlquNdYSDpnppy&td%ftyhmingeNpr ocess.

contai ot Agt-bBRbGegaREey LTyl oL L A BRBARAER 4 2Cet

acid, et liys HiRed L'Xalﬂi'gh.gl pief@red bédondary mokvagiihy ie dpd-ayedine (DBA). c aci d,
hydr oxyet hyl et hyl enediam netri acetic acid, diethylepefriam nepentaacetic
aci d, and suitabl¢ molarratioofceppesta %ﬁ?@ﬁ“cjﬁyml%oﬁ@é@e oWAROW 1ed 19ci ds or

salts of e . j Al | 4. e a and
nit rogenghéﬂgét ?g{l@l &bpie‘%}g#rr&eigﬂaéggubeésﬁé gir‘lc?g a?dnc uidgecﬁi %Woﬁ’al%@%i c acid,
et hyl enetighly pe¢fetredaatios beingifrbramthoub eiqrtosdlout 1:7Sui t abl e 20 nol ar rati os
of sequestrant to catalyst netal are about 1:1 to about 5:1, with about

1.1t b 3:1 i f bout 1:.1.5 t t 4l:2. 5 bei
ror0 or of or r ecTte RieRRATePoer FomBiex ey PO EhpasineA EoRREN ARVELE ) T enc
ether) byiifhfitd Bididl iay fulther thpaist AteftiarytRoRGAM (R, Yéwiteble téeiarycan be

i nduced by 25 appropriate selection of reaction solvent described above, or
by the aaeonoaningligandsare deserihac: in the ahovementioned Hax 4,028,341 and| e

anti - sol i nc or Al o] i 0.ah n atons,
acet one. HanRe A0 Se Yikr AR LRIGEL HaoFelle iRl i ceat

ant i - sol vealkyt amines drphcpdgedby haviagghe afnine niteogercattaciredrtelatieast to t he
organi c solvent, with the opti rrun;]ﬁo concentration dependjng on tft]e

i delt i t i EWOoBTQURS dﬂgs]hiﬁa‘éeo@vém (FY0s5:8¢ rfiledgg the qeasen o

concent r at:i ARthes Nitlik et i I yemrg?ﬂy roduct .
It has bg{g?\ﬂk&lscogg’rgdkﬁg%ﬁ&huﬁgfﬁgx%ﬁim??@%ve t @ﬁ?ﬁ%%ﬁa& 12370
PCT/ USO1mitietise thitd leeing arprimary alkyl gmup&ewm g Someonetentighticarbonene: net hanol

wei ght ratio of, about .50: 50 {1 0.abqut 80: 20 is suitable ith rati.os of
about 60?46‘*‘106@396&3&%:%8“83‘%‘3“%3%%&E © {é’nﬁl o‘ff?i)%%:go%' ag[})df‘ 6: 39

]{)ei ng ”gléﬁpéhiﬂi}egféiérreg :tBQBthES r%dﬁﬁrmﬂtiaﬂéhltrhmefw mtbeé tiesh fai{ﬂ (?‘i‘b@ili e( use}‘ ul
or_produci ng a desirable 5_powler norphol ogy e jsol ated poly(aryl ene
et 28 ) ratoms. & highly prefamed tertiprgianpiae 1§tdlmﬁg3}y%¥§0£9é¥lnﬂ'é@@@&)si4e powder
fines. The; ' S5 7 i. action

m xt ure E{g}tgﬁfe{}%% [ uf&gir)]f 0 tekgoggﬁéggﬁ%{;sﬁpgﬁ%%ﬁ |i? gitl;s’ h'}:frt\)c()){i'l ?possi bl e
to pre-canoeytwitt preferred rgtiesbemgdiegmeabast 1:20 to6 abeut 1:80; i aisd highilgcosity 10

poly(aryle et.her.s re-concentrations.,of . for exanple, about i5 weight
per cent QB%(’&%dﬁabﬂﬁbgﬂ%&‘?méi’é’“ 529 19 aPOURIO0s i 't apl e et hod f or
preconcentration may be enpl oyed. For exanple, the pre-concentration may be

carried out b giitdiemdlar fdtid Gohetd @dniplew eatalyst feRnre@rdsanbleslofng poi nt
at a pressuraﬁ rmntilest y el evated above one at, phere (so that no boiling
t alkdds 15Mgtabdoinhengels t £:6018ehOuf 17490, abguiry: 1R tabewa:20P ut i on t o

I : ) j gaTak bstanti al
part of PROE BiefaRel AR 0B oo R IRl A PR et on i <

—

_ supplied by the heat transferred in the heat exchanger as sensible heat of

t he sol uti on. Theaeaetiow betveaenf axygbr mndopheniol eonducted ¢ndhe presemee of t he
product 20 ly(ary|ene ether). For. ex | e, the l.Ly(&ryl ene ether) may be
. function® F‘%g%l é@mﬁwtﬁiyéﬁm QP{JPBa@YnE’& ‘éo%d}ﬂit&?dﬁa’i%esﬂwp?%éﬁt s on at
| east ondremidéRr2 ¥ hadslreadiblSeent Mentighed thdtdromideOion mahhe suppletl - SO3M
S02Rf, -S02NHRf, -S02N(Rf)2, -CORf, -CONHRf. and - CON(Rf) 2, ere Rf is
i nd¥end@Atd \CURFGYA DEemidR, OF rasiprisnbramidessalt.c -BrayRide: Fams may ahﬁwﬁe havi ng
from25 6 to 10 carbon atons; and Mis alkali netal, alkaline earth netal,
transition nmetal, NH4+, primary ammnigm ion wherein the al kyl substituent
has fromone to four carbon atons, secondary anmoni umion wherein each
al kyl substituent independently has fromone to four carbon atons, tertiary
anmoni um i on wherei n each al kyl substituent independently has fromone to

30 four carbon atons, ox quaternary amoni umion wherein each al kyl
substituent independently has fromone to four carbon atons. Such



12 WO 02/ 12370 PCT/ USOL/ 18202 functionalized poly(aryl ene ethers and
techniques for their preparation are described in, for exanple, U S. Patent
No. 5, 34§a$er/ia7Bi kson et al. The process enabl es productrGImUSHi/18202
poly(arylene ether) having an intrinsic viscosity (as neasured in

chl orof orm at 25~C) greater than about 0.8 5 dL/g. Alternatively, and
depending on its i ntended end use, the process may produce a poly(arylene
et her) hq;yl ?ge@n ntgddisos \o[fsaos4-ﬁyombphmml t bach abou®,G-dimethyd-4-gr eat er

th bout at .about 1.4 { bout 1.6
s i, AT b o 2
havi ng ar}{ d%{)fd?ﬁfc a&'cls‘:ﬁ?'aflllali’“rhﬁta‘} Bro%ni‘élb/ Gr BhehBabikYed®h widebdln o.

dL/g Intrinsic viscosity. The process further enabl es

for rrat i orbrofnige! y(&)dyumnbrmnidﬂ )amdahydgobroaupp%crl carg dnghlyepeelergad about 50

arts per, ml,Li et nore
Bref%rgbll}FOFrE§§ SPHé(%g?b%ﬁﬁ?ﬂ@e OF%’SB%'%%Z@%M;?Q%&% lelggbw%?%g? yon of
ol y(aryl abdudt ferted,eanl abeut q4ltowbout 5 wei ght
25 %(er cgnﬁ%%qyﬁﬁgggghgrgotguces pzodl ??lar %n‘ene eet hers) w tﬁ pol ydi sper sigt i es

t ypi cal | ybeing mareprefgeredt about 5 to about 15. The invention al so
enconpasses artlcl es conprising a poly(arylene ether) nade by the above

descri bed pr oo ﬁ"géfﬁa%§ ?gac%% H&%E@ro gé'n bhapHeRbl idegied G@oSi ty

pol y(aryl ene rrcatron o mretri’c hollow 20 fibe

menbr anesinf g cggsnmemﬂvam oBuitaldeharganisf sgiventarinalpdesyleokels; ketesresow
menbr anes from pol y(phenyl ene et her) Sins; of vari

vi sé@si t i dliphatic deséPEbed firpm ?e‘?)‘f @Fgcaryon%m d g‘kﬁg#wdl{?our Rar’ of
Menbr ane sl 2fixed LPHar-estensp pekfoxiBeas,caxid No.
298, 53. B@qﬁﬂﬁﬁ%ergbﬁ%ﬁﬁs Qﬁgﬁ?fjsr.aal%atent : r563488269 to Bi kson et al.

The pol y(ﬁreylﬁlaa;qaremﬂmgﬂmy&mmum@rf@yepn@nmrd@é@@%@dé@@%e@ 9B e for,
for examplge, the n in ed
patents a dieﬁ%r}nwlé %ﬁ%g ‘g?lg{ff %&foh%rn {elnlc? rel §§% 3r g%%r@éeér?cgié The

| nvent i onyisgodit dfitRe réédﬂd)‘htlli@ttﬁﬁb bThéﬂeéorfepitlmwmgtmmsdesn'ablertg B &xanpl es.
13 WO 02/ 12370 EXANPLE 1. PCT/é;gOl/ 18202 .Thi s ei< n@w&ﬁ a

pr od8dur esqluent systesn dhatr will eanserthgmn i Rrecipifats Whil, p \ibf) M vi ene
ether) an foenl therhigh

2, 6- Xyl en&g‘]?g@ﬁﬁz@@@é%éﬁﬁstﬂegénﬂifnt %fﬁcg{r}gbnﬁﬁiﬁl%e g%l in a rlgag I on
vessel . Tmdléelay! evedghts opolyimens.i s aﬂzﬁmcdprsnh‘éenﬁsorm den appmeatie ght
per cent r .aqueous sol utii on 0f a solution that was 6.5 wei ght
percent ¢ Hﬂi‘é}%}“ Wshﬁn‘ilijcﬂl}'???&tﬁghéﬂé‘ﬁ ﬁe (DBEDA; 125 kg of an about
25-28 wei ght percent solution in tol uene) di met hyl but yl am ne (DIVBA 237
kg), and di - n- AuuitaBle siertidPévncBatratibn oTIphenehsnbontMoabmlmstweig t a

gfe mdzgat : hpgxtc%gs Spsre\f/gr;l?lyta%%u% %%'a%‘é%‘t‘ 12 %«(rje?éﬁtl ;?e?‘cgr{t Iznore )f%e{eergbly about & Pe' I od
6 to about 10 weight percent, based on the total weight of phenol and solvent.
All the phenol may be added at the beginning of the reaction. Alternatively,
phenol can be added in discrete or continuous amounts during the course of
the reaction. Oxygen can be introduced into reaction mixture in pure form or
25 diluted with an inert gas such as nitrogen, helium, argon, and the like. Air can
be used as an oxygen source. It is expressly contemplated to control the
phenol and oxygen addition rates as described in European Patent Application
No. 107,653 A1 so that about 1/4 to 3/4 of the phenol is in prepolymer state.
when about 1/3 to 2/3 of the charge of phenol has been added to the reaction

30 mixture.




10 minutes and addition of oxygen at a rate of about 175 normal cubic
nmeters per hour (NnB/hr). The rate of oxygen addition is based on oxygen
concent r g @8Nt rol . The reaction tenperature is initi adyussbosan2goC, and
it is raised to about 45C after the reaction exotherm The end point of the
reaction was reached after about 100-120 m nutes when an in-line viscosity
reading of 1.65 15 dL/g was attained. At this point, 185 |liter of 40 weight
percent nitri IPherreaction betwéen piehd] andloxygemmay optienaliybeacaisidd oudl | owed by

the addition of looo ljters of water., Afiter 2 hrs agitation a
t enper at dREherprasaiice afsene PR MQLe %Fﬁlgﬁn?]sc%ﬁg%ﬂﬁf @gdgqpvgn RE 3%? @rbi qui d

centrif uQﬁClbﬂj@?g@g@e?t@lR%’é@g?ﬁ%ﬁ%@ng Henfouttase tvatél, €5 Ripliseon of the

high intrinsic ene ether) I's 20 carried out by addition
of et hartoansfer agentt &t isegenepdllyswoti mecassary te cemovg keassioniprodupiewater

t ol ugne/ net hangl wei ght. ratio is about 65:g5 and the tenperature i s about
50C. fTher%'}ré‘Egt&et gftﬁxplrie%cl‘.tg&. reslurried in a g.5:55 tol uene/ met hanol
m xture, separated in a solid-liquid extractor, and dried to yield a soft
preci pi tate winpdetthinaideef Factopacmperatare dind tings arkuiwithdo ppeskilaoft ent i s

25 generally no greater, than 15 ppm The reactjon ¢cqQndjiions are summari zed
in Tabl e @Qsﬁm}\@-&mﬂmjﬂl G@H@aﬁl’) QRER; %Hégﬁjrr%ﬂlﬁp?fégﬁei es the

baced on 4t pe?GHB M8t sB0C i BhifaMe> A ISAIBE AR MARATCRIAART >
exper i nergaC hifter giiee exdthprmice gortionf ofExzeneactionngwofile. | oRlere Isunospeci fic

reaction condifions, are changed as i ndicated in.JTabke 1. The oduct has an
i nt A9 nsi ParLE ﬁWlt"ﬂ?o%.oﬁ WYy the;pRagtion %Pﬁ‘foé‘eé@(g W%Q&E%ﬁnpl e

1Tol uene dﬁ&ﬁ%&fé i<, Hd indr&asé)th ARelp26@udt 1ahe étHerXinteinsic2000
kg681oAd |t@i§ger11 ti fgéfustéﬂgélx | enol 45 m!p%45 mn .-gg%r cat al );st sol ution

(6. 5% copyiseosity may be e@atinemstytellovssl npoBEDling yiscometer, khe reactigny g

, DMBA237 kql193 .kaDBA C WP AT out 30C
after endng¥g)Ff¥, ‘“{agggégﬁogéggﬁﬁ%%g%%/n g%%&%%&%%ﬁ‘gﬁ gﬁrljggﬂi té)?o hermto
about 45GReasityo8 reafRed.0 Offegeduifableimdtiods {30 RermihatingCehe té@tibo m nQ2
addition ratel75 NnB/ hr60g NnB/ hrintrinsic vjdscosi'ltyl. 65, dL/,é;o. 46 dL/g 5
EXAlPLES inclpde the addition of a mineral or organic acid, such ds acetic acid, or the

addition of a sequestrant as described in greater detail below.

Z

There is no particular limitation on the apparatus used to carry out the
poly(arylene ether) preparation. The reaction may be carried out both in the
batch, semi-batch, or continuous modes. Programmed addition of portions of

20 the phenol at various points in the reaction may be employed. Various types
of reactors may be used for the polymerization, including a single stirred tank
reactor, two or more continuous stirred tank reactors in series, a bubble
column reactor, or a column reactor. In order to minimize formation of
byproduct tetramethyldiphenoquinone (TMDQ) and achieve a narrow

25 molecular weight distribution and short reaction times, it is presently
preferred to use a semi-batch reactor, two or more continuous stirred tank
reactors in series, or a plug-flow bubble column reactor.

The method further comprises recovering the copper catalyst using an
aqueous sequestrant solution. Suitable techniques for recovering the catalyst
30 metal from the metal complex catalyst include those described in commonly

10



Three reactions were conducted according to the general procedure of
Exanple 1, varying only in the copper catal yst concentration. Each reaction

used 307¢od@sR toluene, 350 g total 2,6-xylenol (w thpgTngoRiexyl enol
added 10 initially), 60 g dinmethylbutylamne, 1.4 g of a 50 wei ght percent
solution of 15 WD 02112370 PCT/ US01118202 di net hyl di decyl ammoni um
chloride in toluene PTA, and 3.5 g di-nbutylam ne. The reaction was run

usi ng t hgsdigfap U Pdtenpmos! 8,888,100 toxBermiett at alyry051,9170t0 BlBysreyht
cuprous brom de catalyst in 48 igJPlt eE)er ent aqueous Iﬁrea\@; éfgr ans for
Exanpl e 2., amd 4,Q80:549 tQaGom%rrﬁiYﬁ- hese tecpiues CQMPTLSE ﬁ%‘% 4.. The
I ntrinsi i |5 ( n hghd Sfadiligatgl iten i n

G GF BRirk! SnRburblies M QBileP thy (chtatyanmeeilngnd Sfadll

Table 2 I'nCreasl ng st amounts (i.e.,_increasing ratio
of catal weparationhfzom 1heit1mly(assdemmteﬂmbr&/ipmduﬁfcr dapraferrad metboe for

" oceBioyinE GEaet GEAL G oo R BB etio ECARY B BERHRY n o7 i7"

10 EXAMPLGS en &r il dighbd USSMN! 0pfErcemys dfiled Fadgnpd,e2doo o ext end
reaction timnes tl roduct intrinsic_vjscos|

L he ] t s.no, |l Qnger
i ncr easi HGenetad Elﬂcﬂrigfeﬂogﬁbhl\& RN 18814 | FRiscmg sm}bPllFWé&@ﬁai n
stopper content of fhe.starti I | he
2, 6-xyl e%&@iﬁ‘n%ﬁ%@t%féﬁ%‘f’agg orl;?gév@etf S‘Wh%%gf?%ﬁltwgir%i&he %[{%‘ér
conpoundsiréifiahe pﬁly:ﬁ;iéi:iﬁmjdh ﬁﬁiﬁgwbg hli)d:lg’nherpolymen's?jiﬁomndxwe odth\aj ? ht
percent 2,4-xylenol), an exten .reaction.tine produ L ene
et héd) wicomplexingrepgent g@éshqt}lﬁgkqwagaﬁngﬂf‘@% HBE dﬁPﬁi@la%e\%ﬁ Z chai n

C

st opper cwgteggéﬁ%%gaaaéﬁ @c?i'hé ﬁ?xgemﬁgﬁa@é g%r%hcs(ﬁvseé@emﬂiQﬂ&/lfqlﬁdti ng 2,

6- xyl enol reaction roduced a pol y(arél ene ether) with
i ntrinsi ceendfigeiproceds. 21 @ereral, suitable egqugstranth tnelu e polyfgacignal phenol

Nt s coontifugsion s Sngolyfseciral
ot 1 msi CApaUe: agidppopracive wmpauidraidChs Apldi i BHATE 08 00,

and descr u'ié(cge‘dcous 25 pmdi ficati gihyleredianinetétraddetios may keidyade
thereto wthout departing from16 WO Ozti-J]]ZEIqu PCI/ USO 1.1821(;32 the spirit
and 1§ copeethjlenbdiaminedisnorinicrggish dhydyoyyethyle EREPBMIREIIALEO F4Mat t he
Iolr ﬁjste 2{ i IO g&@ﬁén%rﬁi%ngfeﬁagc%ﬁ%rdc%W&‘@qﬂ(&fThééé‘é"écﬁﬁ&’drﬁﬁts%ﬂy et
used as their free acids or salts of, for example, their alkali metals, alkaline
earth metals, and nitrogenous cations. Preferred sequestrants include
nitrilotriacetic acid, ethylenediaminetetraacetic acid and their salts. Suitable
20 molar ratios of sequestrant to catalyst metal are about 1:1 to about 5:1, with

about 1.1:1 to about 3:1 being preferred, and about 1:1.5 to about 1:2.5 being

more preferred.

The method further comprises isolating the poly(arylene ether) by
precipitation. Precipitation of the poly(arylene ether) can be induced by

25 appropriate selection of reaction solvent described above, or by the addition of
an anti-solvent to the reaction mixture. Suitable anti-solvents include lower
alkanols having one to about ten carbon atoms, acetone and hexane. The
preferred anti-solvent is methanol. The anti-solvent can be employed at a

range of concentrations relative to the organic solvent, with the optimum

30 concentration depending on the identities of the organic solvent and anti-
solvent, as well as the concentration and intrinsic viscosity of the poly(arylene

ether) product. It has been discovered that when the organic solvent is

11



17 WO 02112370 WHAT 1S CLAIMED | St PCT/USO01/ 18202 1. A process for the
preparation of a poly(arylene ether) resin, conprising: reacting oxygen
with a phanedsf t he presence of a netal 5 conpl ex cat al yiT/wSoNPs208i ng a
catalyst netal to forma poly(arylene ether), wherein the reaction is
conducted in an organic solvent, the phenol concentration is about 5 to
about 15 wei ght percent of the sum of phenol and solvent, the nolar ratio
of catal yshenetadld fHe dfe-splvenbdis inetlebmmls a toluenemethenok weight gatiaed t he

Consi st | mpout 56y aebout B0s#0ds SureHPn Wi rAos on Aows (4G B AP .
Subst i t UeioSHLAG! BLILEAR) bt aBHQUE3: 506 BbiL0E7 A Beis easte préftrediar bon

radi cal s ‘havi ng ut 8 carbon atons, hal ohydrocarbon radicals
havi ng f ritmesa pFefenimiLﬂncBnme pueferred matiomarenssefil foe preducing a desisablet ons

a

r

b h . . '
ving 1 TaET STMBGIOR 0f ub EBURES BRIkt BREY Rt SIRC T ©

havi fig f rRAW

havi ng fg%’ﬁb;'aﬂ%élﬁ%ﬁstﬁn bbRdeRiop ekcassiveaiowdaadineswo car bon at oms bet ween
t he hal ogen atom and t he phenol nucleus; Q, Q and Q' are, independently,
selected fromthe same _group as Q.and in_ 20 addition t he

provi o that. ibaltpddnay gptondly o eoeteaneia GO it pon
oo o RGPS BIHRST T By e ARV servesbam ol i on
\r/)ir gglog: Eaﬁﬂe%bncahﬂﬁﬁe ntd hes igvedtatae dlegotey (am yioenlovearndnfringie WRCOHYT i nsi ¢
10 ypc%r a%rl%;let e&%r)%?%%—c%hgen Le/u?onrge A & e%mgﬁ? ddbut hi5° "v&glﬁif“
percent poly(arylene ether) are possible. Any suitable method for pre-
concentration may be employed. For example, the pre-concentration may be
carried out by preheating the solution above its atmospheric boiling point at a
pressure modestly elevated above one atmosphere (so that no boiling takes
15 place in the heat exchanger) followed by flashing the solution to a lower
pressure and temperature, whereby vaporization of a substantial part of the
toluene takes place and the required heat of vaporization is supplied by the
heat transferred in the heat exchanger as sensible heat of the solution.

The method may further comprise functionalization of the product

20 poly(arylene ether). For example, the poly(arylene ether) may be
functionalized by known procedures to create additional substituents on at

least one of the arylene rings, the substituents comprising —SOsH, -SO3M, -

SO,R¢, -SO.NHR, -SO.N(Rf),, -COR{, -CONHRY, and ~CON(Rf), where Rf is
independently alkyl having from one to four carbon atoms, or aryl having from

25 6 to 10 carbon atoms; and M is alkali metal, alkaline earth metal, transition
metal, NH,*, primary ammonium ion wherein the alkyl substituent has from

one to four carbon atoms, secondary ammonium ion wherein each alkyl
substituent independently has from one to four carbon atoms, tertiary
ammonium ion wherein each alkyl substituent independently has from one to

30 four carbon atoms, or quaternary ammonium ion wherein each alkyl
substituent independently has from one to four carbon atoms. Such

12



2. The process of Claimx, wherein the phenol conprises at |east one phenol
sel ected fromthe group consisting of 2,6-dinethylplnenol,

amet hyl - geémgshenol , 2-net hyl - 6-al | yl phenol, 2-net hyl - @qiimeseyhgeznol

2, 6di but yl phenol and 2-net hyl - 6- propyl phenol. g. The process of Claiml1,
wherein the total content of chain stopper inpurities in the phenol is |ess
t han about o0.06 wei ght percent based 10 on the total weight of phenol. 4.
The proc eﬁmmctninad:izad paly(anylene ether)eand ttechnignes:for tfein preéparation see

I mpuriti henol i.s ab ht rcent based on
the tota wmo Wémﬂle ‘J%g"s?ﬁf?“g 0554%6%18WW@§H n the nol ar
ratio of catalyst nmetal 15 to phenol is about 1:1oo to about 1:180. 6. The

process of C giha ﬁrod&@@re@hbleh hﬁo@ababn cefmal p@qy(aaryl%hu%th@pﬁhamgsm cat al yst
met al conpri sing, copper The proce of, Claim6, wherein met al conpl ex
cat al yst intwinsieviseesiiy (as areagurad-i exofgrme,at 258CY BEeatersth aﬂ’gﬁﬁ’&lt& for mul a

R
d| vgao ent d&l‘z_g %ﬂ%y@&hwg%&(ﬁﬂg 82‘ la oﬁzt&%(izg%gr s%,[}th%t omsés[*s n? t he
cl gs est dem&udaea pebifatybend sther) lmmmganuntmgﬂclvrst:osmy gmaﬂexﬁﬂnaarabom are
i ndependent |y ,i sopro or.an a-tertiar | gro fromfour to
ei ghlto cartfbf ]Y‘ég (ﬂ:gate%iign a}Pﬂ‘ét b?éﬁdgs t fiﬁ%ﬁa% “&Bﬂﬁr ﬁ’t BT g%@Bngary
al kyl ene [ r 2
o N0 S St D D ot e e A Tre

nol ar raq]oly(arylcn@pﬂlerb hayvigadn unMnsm VISGOSlbenﬂllnlq 2-dy/igy Ipzeferablyi ne i s

abﬁg}t a’gt %ﬂ?g, Of ﬁle tlarget I’l((ZJ %}s%%sﬁy Fh%'p@ozess%ﬁ:rh%r @n&ﬂ]ees met al

formatlon of poly(arylene ether) having a copper content less than about 50

=+

parts per million (ppm), more preferably less than about 30 ppm, yet more
preferably less than about 15 ppm. The process also enables formation of
poly(arylene ether) having a volatiles content less than about 0.5 weight

15 percent. The process produces poly(arylene ethers) with polydispersities
typically in the range of about 5 to about 15.

The invention also encompasses articles comprising a poly(arylene
ether) made by the above described process. A preferred end use for the high
intrinsic viscosity poly(arylene ether)s is the fabrication of asymmetric hollow

20 fiber membranes for gas separation. Methods of preparing asymmetric hollow
membranes from poly(phenylene ether) resins of various intrinsic viscosities
are described in, for example, J. Smid et al., Journal of Membrane Science,
volume 64, pages 121-129 (1991); European Patent No. 298,531 B1 to Albers et
al.; and U.S. Patent No. 5,348,569 to Bikson et al. The poly(arylene ether)s

25 produced by the process are also suitable for, for example, the manufacturing
of fibers, films and sheets.

All cited patents and other references are incorporated herein by
reference.

The invention is further illustrated by the following non-limiting
30 examples.
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further conprises a secondary nonoam ne of formula Il 5 Rd-NHRe |11
wherein Rd and Re are independently alkyl having from1l to 12 carbon atons.
11. The gf@pegsief < aim lo, wherein the secondary nonoarACTRUSHONEROR SES

di - N-butyl am ne. 10 12. The process of Claim1l, wherein the nolar ratio of
total copper to total di-Nbutylamne is about 1:4 to about 1:7. 13. The
process of Caim?7, wherein the netal conplex catalyst further conprises a
tertiary FRAMPUE®. | 4. The process of Claim 13, wherein the tertiary
nonoam ne 15 conpri ses di net hyl butyl am ne. 15. The process of Caiml,

- wherein the organi c solvent nprises at |gast, 0 t s€ d from

t he group cong'ﬂ’.éﬁ iexgnple 6&9}’@%&;%%0&@&9 g%dtﬂg&llrbgﬁé‘%l%% ?Eezl‘ girig@ess of
G ai m 15 i iMiedSivischsigy gbwwren%oém@ﬁ} af@ 19 Hased oaltleotasalie of lseverdle process
of Caiml, wherein tthe aquéous sequestrant. sqlution _conprise

n} t 8 | ot raii:?laiv;te/i:]meﬁment&aﬂ Kyleapktroorkgbisedisspived in-toluere (%&.68?I4€)pr ocess

0] aim,17, rein e ) t '. :

nitril ot M gc%ela]c.ﬁo%&easfemza‘a WWT%Q%&@/%?% ?3@%§Pwﬁlp?‘%c ess of

Seal m 38 1we¥iﬁl@tr ﬁ@éﬁt@em)HBlr at]ﬁédnf?s gllution (i0gkg oba em]iwtim@dt was bipwaightous
aues rall)rtlarcesnc’; cl:Joplp%r ,tNO,l\TQ-a&igut\ﬁéthjrﬁ%Elg 'alnfingb(?)LﬁEl%A;l '1%5 tk% 8 gﬂt ab%u%'

25-28 weight percent solution in toluene), dimethylbutylamine (DMBA; 237

kg), and di-n-butylamine (DBA; 80 kg). The reaction is conducted as a semi-
batch process with the continuous addition of 2,6 xylenol over a period of 45
10 minutes and addition of oxygen at a rate of about 175 normal cubic meters per
hour (Nm3/hr). The rate of oxygen addition is based on oxygen concentration
control. The reaction temperature is initially about 30°C, and it is raised to
about 45°C after the reaction exotherm. The end point of the reaction was
reached after about 100-120 minutes when an in-line viscosity reading of 1.65
15 dL/g was attained. At this point, 185 liter of 40 weight percent nitrilotriacetic
acid (NTA) solution in water is added, followed by the addition of 1000 liters
of water. After 2 hrs agitation at a temperature of about 65°C, the solution is
passed though a liquid/liquid centrifuge to separate the aqueous and toluene
phases. Precipitation of the high intrinsic viscosity poly(arylene ether) is
20 carried out by addition of methanol to the toluene phase in a stirred tank so
that the toluene/methanol weight ratio is about 65:35 and the temperature is
about 50°C. The precipitate is filtered, reslurried in a 45:55 toluene/methanol
mixture, separated in a solid-liquid extractor, and dried to yield a soft
precipitate without large, hard particles. The residual copper content is
25 generally no greater than 15 ppm.

The reaction conditions are summarized in Table 1.
COMPARATIVE EXAMPLE 1

This comparative example describes the preparation of a normal
intrinsic viscosity poly(arylene ether) and is based on the results of several

14



20. The

Caimr,
poly(ary

process of Claim1,

further conprising pre-concentrating the 5

poly(arylene ether) prior to isolating by precipitation. 21. The process of

M@[,ﬁb% an anti-solvent is used in the precipitadmusoofiszobe

| ene et her).

22. The process of Claim21l, wherein the anti-sol vent

conprises at 10 | east one conpound selected fromthe group consisting of

| oner al kanol s having one to ten carbon atons,

acet one,

and hexane.

23. The

process oict@hlhéxperiineniserBier gemerahproceslure of (Exammleiiswas fellowed) bu24a. The

process
nmet hano
Claimi1l,
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consi st
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of Cd
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i m23, wher
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hay M RfrinsidRAdcosg of 8@ A2l | zi ng the poly(aryl ene ether) resin

porate at [east one fu
ng of -SO3H, -S03M

- SO2Rf

ncti onal
- SO2NHR;

group selected fromthe group
-SO02N(Rf) 2, CORf, -CO2Rf,

- CONHRf  alhigble@ON( Rf) 2, wherein where Rf is, independently, alkyl having

fromone_to four carbon atons. or arvl

and Mis
NH4+, pr
four car
I ndepend
wher ei n
at ons,

I ndepend
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has an i
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I,
e to

bTsluehens, secondary
ently has fromone to

negéoakgi on wher ei 1

f our carbon atons,

19a8b al kyl
tertiary ammnium

substi

uent
on

ol

eRtfab JoWylaiapst 1 t uent

guat er nary anmoni um

spd&pendent | y has
| on erein each al

fgomm one to four carbon 25

Kyl substituent

PThTal 2t@)§léﬁam one to
18202° 26. The process

F 9960 kgr bon at oms.
of ddaim1l, wherei

$B1o WO 02/ 12370
n the poly(aryl ene

et her)

after end exotherm to
about 45°C

after end exotherm to
about 45°C

T Ot LY 61, fnihnan about 1. d ¢ measured in
%ﬁg{oéﬁo V’Lﬁgza&rThg’% %@ess of Caiml, erein the poly(afyl ene
5\ A intrinsic viscpsity greater thanjabout 1.2 dL/g neajured in

Y 250-C——28 ] of —Cair I, WleL et p the potry(aljyl ene
ag’d e nf?ﬁ\élygf O/S%B s Jmeater t han aﬁ\%tégkg dL/ g neasufed in

516 COpPeRIn 48%6HBrnb 1 ocess of C aiml|1, wherein the

Y} —has—aR—RFHRS-e—rH-seostHy—gieaterthar—about—36 dL/ g

DBEDAfpltesem at 250 (125Ke k
DMBA 237 kg 193 kg
DBA 8okg ca. 60 kg
reaction temperature initially about 30°C; | initially about 30°C;

Reaction time to target
final IV

ca. 100-120 min

ca. 100-120 min

0. addition rate 175 Nm3/hr 600 Nms3/hr
intrinsic viscosity 1.65 dL/g 0.46 dL/g
EXAMPLES 2-4

Three reactions were conducted according to the general procedure of

Example 1, varying only in the copper catalyst concentration. Each reaction
used 3070 g total toluene, 350 g total 2,6-xylenol (with 35 g 2,6-xylenol added
initially), 60 g dimethylbutylamine, 1.4 g of a 50 weight percent solution of
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go. The process of Caim1l, wherein the poly(arylene ether) has a copper
content | ess than about 50 ppm 15 31. The process of Caim1, wherein the
reacti onyRf ope¥@en W th a phenol in the presence of a netpT/UsoNEs20X
catalyst is conducted in a reactor selected fromthe group consisting of
sem - batch reactors, reactors having two or nore continuous stirred
reactors in series, and plug-flow bubble colum reactors. 20 32. A

pol y{ aryldﬂﬁ@ﬂgﬂ@ﬂ@hylr esimoninnuckivride hllnetqiueneasBTA;‘ aﬂchlgrﬁlg ﬂBAn article
conprising a pol y( rﬁ['él ene et her resin, ggced acc C{& OEr ocess of
Claim 1. bmammel ¢ W@ﬁ‘B‘Pfan‘@ SH“BH@ Bmeﬁ(%‘i“ir Jeé?%? esin '

pr oduced mgﬁ.&f St &% W{ ¢ hol |l ow
fiber corrprl I ng a poly Lh%’tgryl e fc%?iedgl%ron?oagﬁ%etglﬁbi{ t he rogclzless of

C1 a| m 1. p%icent aqueous HBr were 12 grams for Example 2, 15.6 grams for Examp e 3,

Al LS5 @ f Wﬁs 2 &fams $for ExamAle 4. The? hhintic AHséouitdss ‘of e pfSddet™ '
WW( W, #. po’f}'@?ﬂeﬁ %%1?&]}4 btd kideiﬂ i bl 2and>shiow that nvreashig eatadpst <<<>>><<<

<| | ?2???| |'8] ~~>"?Xx>8~<<~ ?2<| 2<~?2<~?2<~20><~?2X ><~><~><| ><#99899999999999

27?7777~ °mm8(4€><mc;€a€mg~rau°~°ﬂcﬂaﬂw|t°~PhPW1|)| aney pegociated (Wit |11
T | A H F],lny +8.F[L,§Inl:],%’ggs’{agg??????????????p’>~x'>'>'>~p| D | =282 e

~| ~| ~I ~~~~~~~~ 2tT: T*)x45 )C

PO L L L LT LD 2] <222222222222222222222222] 27| >>~28

SSSSPSPYPSV PV ISSES~~5~5~~>5>5>> >W>>:>mm?,>>>> FExXample 3>>>>p>>><<~~
C

2~~>?2>>H>>>>>>><?2<?2<<?>?>~| | T PT. SF) | 45

|| Cl#. #. Icﬁa{]gzstéﬁlﬁﬁﬁ?'(éﬁ%ﬂd Tl )E@.’lgl%lllIIIII)”’?g?IIIIIIIIIIII“II

| | ~~| | s msy 12 b BB, 0 0000159959999 22225555
~~~~~ >>> >>>>>>>~~>>>>>>>>> P>>S5353333533PB533355333333E553353333533PD 533355

<>>>><<d xz)f(!rrr(.’.’f”%g;c;g ”””ﬁd’];/”b Lj%d]l_. = Pl p>| > >~>
>7>>>>>>>]§§§§ PPPP7?777?9P )’}’9 ’?’?’?’?”/} ~~| X’)?X"‘X"‘Xl Xl

XXXXX| X | b= ror—t=prt—itt ———t
X}xerlgb{ W] cal] ca] cal] ca] caV] ca(] Jca\/] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca vvWK] i x T[ 79: >AY

| t oi d_ZU] exAwnedicrs s atfpal cab] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU ca]
ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca]ca! ! L &#N#HSHS&S( $) $- $OSHB% *

PR R A R B BT R
8<P U=a=p= w%&@é&ﬁ&té&mﬁlg?sfﬁﬁ Ny >? g r]?réger mgﬁeaglé’]gc E}]’ %gif%:uae]ngg]og ajcaJcalc
?EJ] Mg%]d nglﬂnlgd}malmﬂrw} W}){!&?«tﬂ ofithecbaincsiopapr aputen Aictiecstpeing 2:q c?tﬂa]cgglcg
o] capean) cipaal ey tiiedy Wi Bk 98 il EaBHE R Aot "aﬁz‘i’:%?y“f"g cal cal ca
] cal] ca] Cﬁ&l‘éénthﬂ‘iﬁlhnﬁgyp@p c8R@oalls (determined as 0.062 weight percent p-
cresol and 0.009 weight percent 2,4-xylenol), an extended reaction time
produced a poly(arylene ether) with intrinsic viscosity of 1.80 dL/g. In
contrast, when the chain stopper content was limited to 0.035 weight percent
20 of the starting 2,6-xylenol, extended reaction times produced a poly(arylene
ether) with intrinsic viscosity of 2.10 dL/g. This example shows that use of a

phenol with a low chain stopper content is important to obtaining the highest

intrinsic viscosity products.

While preferred embodiments have been shown and described, various
25 modifications and substitutions may be made thereto without departing from
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solvent, the molar ratio of catalyst metal to the phenol is about 1:100 to about
1:200, and the phenol has the formula

OH

Q" Qlll
10 X

wherein X is selected from the group consisting of hydrogen, chlorine,
bromine and iodine; Q is a monovalent substituent selected from the group
consisting of hydrogen, hydrocarbon radicals having from 1 to about 8 carbon
atoms, halohydrocarbon radicals having from 2 to about 8 carbon atoms and

15 at least two carbon atoms between the halogen atom and the phenol nucleus,
hydrocarbonoxy radicals having from 1 to about 8 carbon atoms, and
halohydrocarbonoxy radicals having from 1 to about 8 carbon atoms and at
least two carbon atoms between the halogen atom and the phenol nucleus; ’,
Q” and Q”” are, independently, selected from the same group as Q and in

20 addition halogen with the proviso that Q, Q’, Q” and Q" are all free of a
tertiary alpha carbon atom;

recovering the catalyst metal using an aqueous sequestrant
solution; and
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#10%008& () -3, The prdcesh of ClHF S whersihQHe fotal cordiéft of chain-
stopper impurities in the phenol is less than about 0.06 weight percent based
10 on the total weight of phenol.

4. The process of Claim 3, wherein the total confent of chain-
stopper impurities in the phenol is less than about 0.04 weight percent based
on the total weight of phenol.

5. The process of Claim 1 wherein the molar ratio of catalyst metal
15 to phenol is about 1:100 to about 1:180.

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

comprises a catalyst metal comprising copper.

7. The process of Claim 6, wherein the metal complex catalyst
further comprises a secondary alkylene diamine ligand of formula II

20 . Ry-NH-R-NH-R. I

wherein Ra is a substituted or unsubstituted divalent residue
wherein two or three aliphatic carbon atoms form the closest link between the
two diamine nitrogen atoms; and Ry and R. are independently isopropyl or an
a-tertiary alkyl group having from four to eight carbon atoms.

25 8. The process of Claim 7, wherein the secondary alkylene diamine
ligand comprises N,N'-di-tert-butyl-1,2-ethylenediamine.
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to total di-N-butylamine is about 1:4 to about 1:7.

13.  The process of Claim 7, wherein the metal complex catalyst
further comprises a tertiary monoamine.

14.  The process of Claim 13, wherein the tertiary monoamine
15 comprises dimethylbutylamine.

15.  The process of Claim 1, wherein the organic solvent comprises at
least one solvent selected from the group consisting of benzene, toluene, and
xylene.

16.  The process of Claim 15, wherein the organic solvent comprises
20 toluene.

17.  The process of Claim 1, wherein the aqueous sequestrant
solution comprises nitrilotriacetic acid or ethylenediaminetetraacetic acid.

18.  The process of Claim 17, wherein the aqueous sequestrant
solution comprises nitrilotriacetic acid.
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109%.8L& ()- g2, The process of Claim 21, wherein the anti-solvent comprises at
least one compound selected from the group consisting of lower alkanols

10 having one to ten carbon atoms, acetone, and hexane.

23.  The process of Claim 22, wherein the anti-solvent comprises

methanol.

24. The process of Claim 23, wherein the precipitation step uses a
toluene to methanol weight ratio of about 45:55 to about 65:35.

15 25.  The process of Claim 1, further comprising functionalizing the
poly(arylene ether) resin to incorporate at least one functional group selected
from the group consisting of -SO3H, -SOsM, -SO2RY, -SO.NHR{, -SO.N(Rf)z, -
COR(, -CO.Rf, -CONHR! and ~-CON(Rf)., wherein where Rfis, independently,
alkyl having from one to four carbon atoms, or aryl having from 6 to 10 carbon

20 atoms; and M is an alkali metal, an alkaline earth metal, a transition metal,
NH,*, primary ammonium ion wherein the alkyl substituent has from one to
four carbon atoms, secondary ammonium ion wherein each alkyl substituent
independently has from one to four carbon atoms, tertiary ammonium ion
wherein each alkyl substituent independently has from one to four carbon

25 atoms, or quaternary ammonijum ion wherein each alkyl substituent

independently has from one to four carbon atoms.
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2@0 1231‘?1% process of Claim 1, wherein the poly(arylene ether) has an
intrinsic viscosity greater than about 1.4 dL/g measured in chloroform at 25°
C.

10 29. The process of Claim 1, wherein the poly(arylene ether) has an
intrinsic viscosity greater than about 1.6 dL/g measured in chloroform at 25°
C.

30. The process of Claim 1, wherein the poly(arylene ether) has a
copper content less than about 50 ppm.

15 31.  The process of Claim 1, wherein the reaction of oxygen with a
phenol in the presence of a metal complex catalyst is conducted in a reactor
selected from the group consisting of semi-batch reactors, reactors having two
or more continuous stirred reactors in series, and plug-flow bubble column

reactors.
20 32.  Apoly(arylene ether) resin produced by the process of Claim 1.

33. Anarticle comprising a poly(arylene ether) resin produced

according to the process of Claim 1.

34. Afilm or membrane comprising a poly(arylene ether) resin
produced according to the process of Claim 1.

25 35.  Anasymmetric hollow fiber comprising a poly(arylene ether) resin
produced by the process of Claim 1.
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