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, measured in chloroform at 25°C. While high molecular weights are correlated
with high intrinsic viscosities, there is no simple conversion between the two
measures because of the coniplex dependenée of intrinsic viscosity on the
10 particular molecular weight distribution of a sample. -Preparation of
poly(arylene ether) resins, including some high intrinsic viscosity resins, is
“described in commonly assigned U.S. Patent No. 3,219,625 to Blanchard et al.
~ This reference generally describes the preparation of poly(phenylene ether)
resins using copper catalysts with halide, methoxy and pyridino ligands.
15 Example 8 describes the preparation of poly(2,6-dimethylphenylene ether)
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

éomplex 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—dimethy1pheriol to copper catalyst is 4.05, and the solids_ content '

25 of the reaction mixture is 5.7%.
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catalyst comprising copper, a- secondary diamine, a tertiary amine, a .
secondary monocamine and a bromine compound. Polyphenylene ethers

15 prepared in the examples exhibited intrinsic viscosities in the range 0.5 10 0.6
dL/g.

U.S. Patent No. 4,440,923 to Bartmann et al. generally describes a
method of producing polyphenylene ethers by reacting a di-ortho-substituted
_ phenol with oxygen in the presence of a copper-amine complex, an activator of
20 apolyvalent 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
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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 : The present invention provides a process for the preparation of  poly(arylene
ether) resins, preferably poly(arylene ether) resins having intrinsic viscosities not less

than 0.8 dL/g, comprising:
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formula QH wher ei n is selected fromthe group consisting of

hydr ogen, hasithgdemaula br omi ne and i odi ne; Qis a nonoval ent substituent
selected fromthe group 10 consisting of hydrogen, hydrocarbon radicals
having from| to about 8 carbon atonsggnal ohydrocarbon radicals having from
2 to about 8 carbon atons and at |ea two carbon atons between the

hal ogen atom and t he phenol nuclkgus; ydr ogar bonoxy radicals having from<1
to about 8 carbon atons, and hal oky &gr'bonoxy radicals having fromi to
about 8 carbon atons and at 15 | eag carbon atons between the hal ogen
atom and the phenol nucleus; Q, Q.. are, independently, selected
fromthe same group as Q and i " ralrogen with the proviso that Q
Q, Q and Q.. are all free of a '

X I

wherein X is selected from the group consisting of hydrogen, chlorine,
bromine and iodine; Q is a monovalent substituent selected from the group

10 consisting of hydrogen, hydrocarbon radicals having from 1 to about 8 carbon
atoms, halohydrocarbon radicals having from 2 to abouf 8 carbon atoms and
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

15 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” and Q” are all free of a
tertiary alpha carbon atom:;

recovering the catalyst metal using an agqueous 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
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wherein X is selected from the group consisting of hydrogen, chlorine,

10 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, halchydrocarbon radicals having from 2 to about 8 carbon atoms and
at least two carbon atoms between the halogén atom and the phenol nucleus,
hydrocérbonoxy radicals having from 1 to about 8 carbon atoms, and

15 halohydrocarbonoxy radicals having from 1 to about 8 carbon atoms and at
least two carbon atoms between the ha]ogen atom and the phenol nucleus; Q’,
Q” and Q" are, .independenﬂy, selected from the same group as Q and in
addition halogen with the proviéo that 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.
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et her) r éséreforendésiceble hosedaeditid somendsion af @hiist stoBbatsSiresrdernganese,
chromi um copper, and. m xtures_conprising at |east one of the foregoing.
achieve the highest possible poly(arylene ether) molecular weight. In
particular, it is preferred that the total concentration of chain stopper
impurities be less than 0.2 weight percent, more preferably less than 0.1
15 weight percent, yet more preferably less than about 0.07 weight percent, and
even more preferably less than about 0.04 weight percent, based on the total

weight of phenol.

In the method, oxygen is reacted with a phenol in the presence of a

-metal complex catalyst. Suitable catalysts for the synthesis of poly(arylene

20 ether) resins include those comprising such catalyst metals as manganese,

chromium, copper, and mixtures comprising at least one of the foregoing

metals. Among metal complex catalysts, it is preferred to use-a copper
complex catalyst comprising a secondary alkylene diamine ligand. The copper -

source for the copper complex comprising a secondary alkylene diamine may

25 comprise a salt of cupric or cuprous ion, including halides, oxides and

carbpnates. 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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o a el
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cycl obexylene | opropyl ene, 1, 2-cycl obut Iene tg%/_cl opent yl ene,
and 15 t hbulylkee, ﬂlehlvghbyls m@ftﬂﬁﬁ@dsmem Q| ELERH AP0 nd Re
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2, 4- di net blenpeib-groplylent;  cyclohexylethylene, 1 2-cyclohexylene, 1 3—
- cyclohexylene, 1,2-cyclopropylene, 1,2-cyclobutylene, 1,2- cyclopentylene and
15 the like. A highly preferred Ra is ethylene. Examples of Rb and Re mclude
. isopropyl, t-butyl, 2—methy1—bﬁt-2-y1, 2-methyl-pent-2-yl, 3-methyl-pent-3-yl,
2,3-dimethy’1—buty—2-y], ‘2,3—dimethy1~pent—2-yl, 2 4-dimethyl-pent-2-yl, 1-
methylcyclopentyl, 1-methylcyélohexyl and the Tike. A highly preferred
example of RP and Re is -butyl. An especially preferred sec_bndary alkylene'
20 diamine ligand is N,N’-di-t-butylethylenediamine (DBEDA). Suitable molar
ratios of copper to secondary alkylene diamine are from about 1:1 to about 1:5,
with preferred ratios being from about 1:1 to about 1:3, and highly preferred

ratios being from about 1:1.5 to about 1:2.

The 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 I1I

R4-NH-Re TIIT
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lo, with pref eir'r ie% ?gﬁ gﬁ%?@ﬁ??gmégﬁ%lﬁo@ %@Lg[bg%o%ct laEO{l%rl ghgi%(ahi ghly

pr ef er r edighly prefored gatiooheinp about v:4dbaltout 17. 10 The preferred copper
conpl ex catal yst conprising a secondary al kyl ene diamne |igand may

furiher conpri Isar oamne. Suitable .tertiar n 1 ne |igands.
ar efdglescri bed ?ﬁe ? ﬁ%@%&%ﬁgﬁf%ﬁﬁkméﬁwﬁsw S%é?ﬁglf gﬁ{y. . 294
patents afidminelligdadhatefoskel ¢ompiiseasenityGabhohmind.” Sattkile RN
characterized by having the am pe nitrogen attached to at |east 15°two
groups wHNERORERE H23Rds pre desesibeddn desboyementionedriday ase28,841 and

';nralt ﬁl/lkyl BBhRSt 4, bobSdy Yatbdi§datdoncRlad %%érotcy}aic()farﬁi@l%salaﬁ&l cJhQyps. be
trialky] amines characterized by having the amine nitrogen attached to at least
15 two groups which have a small cross-sectional area. In the case of
trialkylamines, it is preferred that at least two of the alkyl groups be methyl
with the third being a primary alkyl group having from one to eight carbons or
a secondary alkyl group having from three to eight carbon atoms. It is
especially preferred that the third substituent have no more than four carbon
20 atoms. A highly preferred tertiary amine is dimethylbutylamine (DMBA). A
- suitable molar ratio of copper to tertiary amine is from about 1:15 to about
1:100, with preferred ratios being from about 1:20 to about 1:80, and highly

- preferred ratios being from about 1:20 to about 1:60.

| A suitable molar ratio of metal complex catalyst (measured as moles of
25 | metal) to phenol is about 1:50 to about 1:400, with about 1:100 to about 1:200
being preferred, and about 1:100 to about 1:180 being more preferred.

The reaction between oxygen and phenol conducted in the presence of
a metal complex catalyst may optionally be conducted in the presence of
bromide jon. It has already been mentioned that bromide ion may be supplied

30 as a cuprous bromide or cupric bromide salt. Bromide jon may also be



with the third being a I mary al kyl group havi ng om one to ei ght carbons
.or a secondary al kyl ‘up having fromthree to e¥ht carborf ¥eygB05|t s
especi al | W#f2870 ed that the third substituent have no nofeVVREASEGur
carbon 20 atons. A highly preferred tertiary amne is dinethyl butyl am ne
(DVMBA). A. suitable nolar ratio of copper to tertiary amne is from about

1:15 to about 1:100, with preferred rati os being from uf. 1.20 10
‘about : 1: 8sppphied hikyh| addifpaf ¢¥r éd 4 TPB@I’E’@PH fsﬂﬁ% 5180%?8[1515%%@ %bou.t

1: 60. A suyitabl ar ,hat.l f Ak R sdd GAegsufednast nol es
of 25 rre?’éi?ﬁ“opilegﬁ!éno‘f&dlaisﬂé;bagu?%@g to ab ut%:;i:E with about 1:100 to
about 1: Z(Pgdr@ﬁidigicplaeifderammlka]mmtniubrdmﬂdm Qb a@b@@iallllﬁlsémbeinh"gt re
preferred, "The _reaction between ox n .a hengl. .c : i resence
of a met Hrowdde! e>0dhE Pmr‘rg‘i/ %%? ﬁ'{mﬁgg&&a’@ 88114d%2€g§%§§( té%gf%?%&s)ence of
br omide '3)3 mhifle 1Birdkl cadyitIeR T EB i1 In0adde e tdcoppereidmis atryuthetsuppl i ed
30 as a cuprouscbron de “or cupric bromde salt. Bromde ion may also be 8
.4 May 2003hoWO2eR ifls aboRES 1oSthatsam being praferad pgnd @Bput drittorbept 7

4- br omopbenol suchgts? Zeégf_di met hyl - 4- bronophenol . Additional brom de ion
may be supIB&ETR PFRETYSm of hydrobromic acid, an alkali netal bromi de,
or an alkaline earth netal brom de. Sodi um brom de and hydrobrom c acid

are highly prefgr RcBEd) thel ees@lvcBewotnsonygahland phénplds cermed @8tion to
copper ion is about 2 to about 20, with about 3. tg (?botjt 2? ﬁgeit s

pr ef er r ed inaamd oaganic splventabSuitalle oy seWEnts WY f‘ea.F’OF‘R% “process,

t he reacti on,bet ween_gxygen enoly, hed outchldrah@drctagioms; S
sol viént . ﬁippﬁ e orag iC s%fd\}g%ﬁg inclp}u 8Eéaillb@gﬁ’ol S, ketonzg, .. 10 alji phatic
and ar omatjigohydreeabbeasthers| estehy dnuidas,buired ether-emeds,cakopides; B¢ her s,

They do naheiiiiepreriies Lem gp HohBtEIrse o et BHOrBsctricT RBARHLY (P
mol ecul ar el ghly ROLY RHSRELBRCwEiche Folgsindlyiend effepssgrettly increase the
viscosity of the reaction mixture. Therefore, it is sometimes desirable to use a
15 solvent system that will cause them to precipitate while permitting the lower
niolecular weight polymers to remain in solution until they form the higher
molecular weight polymers. Preferred solvents include aromatic

hydrocarbons, and toluene is highly preferred.

A suitable starting concentration of phenol is about 5 to about 15 weight
20 percent, preferably about 6 to about 12 weight percent, more preferably about
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 introdiiced 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 contro! 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. | :



viscosity of the reactiongaxture. Therefore, it is sqgaetines desirable to
use a 15 solvent systemt will cause themto preci ﬁate Winae 2005
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conponents i ncluding a | ower al kanol or glycol, a

t h t,
smal | amodft oﬁﬁﬁﬁqblﬁnemt ar%}?'f’aﬁmpflaﬁg e mgeron profile. géfheral isynaot
f . .th
necggsary gaRtit@aPYehif Af% bR %Brﬁé&“ﬂi Wl fon 19 IHHﬁi'tQﬂ# ﬁgtglﬁ‘%ﬁ\%ﬁ?ﬁ ﬁfg ‘ ﬁe -

reacti on. Det erm nati on of reacti on nper ature an
skill of theseastion poodeadisy thesilnchtasenntﬂm poduciGesig(atylane dther)dhtriagici niti al

tenperatu ‘ t Cto b Cis.syjtahle, with heating from
about 400(%ig s[c8£1536ﬁ%87"be5%% W‘}%‘Si‘f f‘iﬂiow BB Wﬁ\?s%ﬂﬂ%n Tdte zepglipract i on
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viscosity is reached. Other suitable methods for terminating the reachon
15 include the addition of a2 mineral or organic amd, such as acetic acid, or the

addition of a sequestrant as described in greater detail below.

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 éatalyst using an
aqueous sequestrant solution. Suitable techniques for recovering the catalyst

30 metal from the metal complex catalyst include those described in commonly

10



the reaction proceeds je increase in the product on(arerne ether)
dintrinsic viscosity ’be continuously foll owed an in-| i4ay28¥onet er .
The react momoz2/mayo be term nated by stopping the oxygen addPETArsowEN2t he
target intrinsic viscosity is reached. O her suitable nethods for

term nating the reaction 15 include the addition of a mineral or organic
acid, such as acetic acid, or the addition of a_sequestrant FS descri bed
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times, it is presently preferred to nor e
conti nuouiGﬁlB?Eﬂ e@%’@lﬂ( B qaket (e SLH- gg?‘iﬁssﬁ’d g%ﬁ‘ﬁ; ]a%]ﬂ)’lli\%egol
reactor. ek Utilie u@?%@%&:@%sré /Y SfricNflidsNPerf owERer tikatatayt UuSi ng

an aqueodg ues Fant o I'e "t echni ques for recovering the
catal yst fﬁﬁnrthé plolymerizathen mextiredynpixng the pplysenizatiop@iriee wWilkdcri bed

Pat ol Nosbmleniag| GRers: Bednopiclidnid ccat gy, e iaeRakdffatne
4, 039, 510 10 LG0RTEn §4d&d to ﬁ@%@lﬁﬁ@“ﬁhﬁ@%m& sabséquensdiijtid/diqmd one

or nore sequestrants to conplex the catalyst nmetal an (g;l iI?t ate i
separ at i orcehtriimge hEropessy ( 3n \gemeeale shisablesegyasiranis 1;51‘-‘2;’% FHRRA f or 5

n " co- pe @t EoftnFg G afiolh RSy sGRE &% afble BERE ek BREETI D00
[ Gener al Frhﬁﬂb{ﬂlé‘ceﬂéc ket NoacidON- 8814 Lihylenadiantihetirageedt el i ni regids
15 ethylenediaminedisuccinic acid, hydroxyethylethylened;ammetrlacetlc acid,
diethylenetriaminepentaacetic acid, and the like. These sequestrants may be
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



multiple rinses with a conggl exi ng reagent, includes r ving the catal yst
fromthe polynerization nﬁure by mi xi ng the pol ymer?t i on 4y Be@5 wi t h. a
10 conpl e¥mp/néagent and liquid/liquid centrifugi ng the melcriyshaseo2

m xture. Water is then added to the polymer phase prior to a subsequent
liquid/liquid centrifuge process. In general, suitable sequestrants

i nclude pol yfunctional carboxylic acid containing conpounds, such as
citric actduenamngdrihe antidolventis meshanels tticduens:methanol weight ratio of -

byt oxyet AR Ry iash 88 bl gkl s SRRLEEY $R0E pBF OF hBHF s B At e s
acid, and7bhep béif%-) ]]:u’eé!f&:iﬁd,sﬁ?ﬂ@ﬁbbﬁﬁﬂfg%ﬂf@mmﬁﬂ 61684 batng hRire préfeeretlci ds or

salts of, for exa heirr alkali metals, alkaline earth netals, and
ni t r ogenoddeseprearedrms more preferedsntion aze naeful fr praducinga desigahlec aci d,

et hyl.enedi_agnet [ ig _and.thai uj e : atios
of geSgues r%g?r#?t %@@@F@f f?rlcetigﬂe g%gétggo@to 1?WF%§a%%%?j ge%%,m Ougbout
1.i:1 to gboeatidgleitledrgripeebevwded orardesbapokddr finéx about 1:2.5 being

nore preferred. The nethod further conprises isolating the poly(arylene

ether) by precipitatjon. Precipitation of the poly(arylene ether) can be
i nduced by 251 pmsffm e anstanally mpHse DrewogErRaAnadbE TREH R bov e,

or by the adgibi b - : 8ot s A Lgbl e
anti-sol vents Ife C %Eﬁdg@&ﬁﬁ%ﬁg{ﬂg %%\Y%ﬁg égge tgﬂggo%uiﬁc%{elzosg%]%pn at ons,
acet one apde-ecoresdratbhao msefgeeatech alegresohyefur ileweet hgninisic Fhecosity

ti-.sol b I d at ; f trati Lat i toth
or gl ¢ SSPDLRDIeRE BPHS Be AU SORRR: i Ok COATHLpeABOH JOmVEIt
| dent i ti epeRfent NoTAi3ie Sh9NAreapdsdbld. - ABYVaBtablasmeehdd Tor L fie-

concentration and intrinsic visScosily of the poly(arylene ether) product.
It has beepnefndoatian sy haemmeyed hEoo expinpte, 45k peptcongentrrtion 20ap bewp

02112370 PCI, Ql 0 ugnhe d t ti.-sol ] {
ol uone: meHISET Y Shetediftes Eiso Mg aBafl ks pBlokBhbt BBty PRk at o .
with rati psetir@bosdedtly dRvaedatiute ond® aBPobpha@ @oelienres bollh edlegt 63: 37
to about 67:33 being nore lereferrfeii. N . .
15 . place in the heat exchanger) followed by flashing the solution to a lower
‘pressure and temperature, 1u'vhereby 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 —SO3H, -SO:M, -
SO.Rf, -SO.NHR{, -SO.N(Rf)., -CORf, -CONHR{, and —~CON(Rf)., where Rf is
independently alkyl having from one to four carbon atomns, or aryl having from
25 6 10 10 carbon atoms; and M is alkali metal, alkaline earth metal, transition
metal, NH4*, primary ammonium ion wherein the alkyl substituent has from
one to four carbon atoms, secbndaxy ammonium jon 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



TFhese preferred and norg preferred ratios are usef for producing a
.desirable 5 powder nor | ogy for the isolated pol ryl ene etMay P00%si n,
wi t hout generabing either stringy powder or excessive powBel/Usoieszd2 The
met hod may optionally conprise pre-concentrating the reaction mxture
prior to addition of the anti-solvent., Although it is not possible to
pre-concentrate to as great a degree as for |ower intrinsic viscosity 10
pol y(ary| Gmecteniedized, ply@rylene etherds apdsteshniques fex Ahgir PTERHHHON AE wei ght
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roduct aryl enge ether). For, exanple,, t 0 ene_ether) na
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-SBM - , - SO2NHRF, -"SO2N(Rg~, -CORf, -CONHRf, and -CON(R92, where Rf

i s i ndeppolyémtyllgne efydr) havinggar rintrinsie viscosByrwithinher dbigmspreserably |

havi.ng from25 6 to ,10 rbon at.ons: .and M i.s | ' earth
mot 407 ¢ ¢ SR con ety of leaiadt B iscrat® R Rlo R Rt SRR, P "
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wherei n each al kyl _substituent independently has fromone to four carbon
atons, tepitamer mikioni (PP Mmouecpraterable fess| than ahmd(3q pERR YHJIBFERdent | y

has from OB, C; , - i ' rein
each al kyﬁﬁ?%%%slfﬁ?gﬁen an %ﬁd@%&@ﬁﬁy %g%%%%%xt%r% or}?\,g?orrs.
Such 12 golVeary2&@b 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 procesé. A preferred end use for the high
inlrinsic viscosity poly(arylene ether).s is the fabrication of asymmetric hollow
20 fiber membranes for gas sepafation. 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 jllustrated by the following non-limiting

30 examples.
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WO 02/ 12370 PCT/ US01/ 1820 functionalized poly(aryle ether)s and
techniques for their prep tion are described in, fiexa May OGS, .
Pat ent NoWOs0284870569 t o Bi kson et al. The process enabl es WCadisdtfgm2of a
poly(arylene ether) having an intrinsic viscosity (as neasured in

chl orof orm at .250C) greater than about 0.8 5 dL/g. Alternatively, and

dependi ng |§i‘ I ntended end use, the process may produce a poly(arylene
et her) hag‘gM4 Ei]ntri nsic viscosity greater than about .0 dL/g, greater
than about 1.2 dL/g, greater than about 1.4 dL/g, or greater than about

1.6 dL/g. The ThicessmMakiresidesPs Ea%fenffgf gﬁéwﬁ}aﬁ*??{e%‘éﬁ ;%ﬁ@gew' thin

ether) having an intrinsicC viscosity wthi pre
0.1 dL/ g, M8¥insivevisepsiet polofarylesiecethiesk andtiy . bdashé qr tesesilis pfieevemnhbl es

parts peradhinl R BXHhal Blod e i AR hed Bubhiensa 3300 hal more
pr ef er ablin A essctidinvessel Uto the RpTBno] RBlUHAERSARISAr onlideMRl4en of

pol y(arylene_ether) having a volatiles content |ess than about o.5 wei ght

15 per cenveigh@epiant diBr prerpussolpary (t05/kes nbasohdia) thattwagblsyweightr siti es -
typically.d : eneiy. ut. 15, invention als
enconpas speéé&g%lf ?‘8# @é}g tonpr ?Qjﬁ'{r%]egh%lgfjgﬁéwpg n@g }glﬁﬁ‘e 9)25%% é)r%b%p Fﬁ@uﬁb ove
descri bedepi@ewsight depeaitesoletonid tahgeredr dihethyitaltylanitie (SMBA: sity
pol y(aryl.ene et Qﬁré i sl the fabricatjon of asymretric hollow 20 fiDber
menbr ane s §)p ANGLH- "Z’BEF amigh (DRds ke bTher wgagtipnds sepdnetad s AcEmiw
menbr anesh{teR ( : | f L OUS. | LRSIsC
vi scosities grg%ﬁs‘@??g}ééggﬁlﬁ?%é }eiggﬁn%ﬂg,éf ?,-6 )é%é%&e(?véé{] é ,E)eg%’ﬁlr?ifa‘w of
Menkr ane Béiaies end addlition obdxygemgetsa e -of 2Bo(l 8 orrizal efisiameriener No.
298,531 Bl _to r ...and U S Paten . 5,348,569 to Bi kson et
2 The RIDPAR ThraRcot BB aT OB b PR e eSEAI ( abl o
for, for cmml erhd RnomAUeAfIehil¢ isQhitldIBCaSoutl I09C A iReRliseq | Cited
patents and other references are incorporate erein’by refterence. The
i nvent i orfhaati45%Chefter thei seaciicad epgthemm. e end ppinbof ithei téactjon 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/methano! 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
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30 exanples. 13 4 I\/Ely 2005 WO 02/ 12370 PCT/USO /18202 EXAMPLE Thi s

.exanpl e provides a pro ure for the' preparation o hi gh i4May B80%

vi scosi tywwby(2areyl ene ether) and is based on the results PET/HEH11820)2

actual experinents. 2,6-Xylenol (200 kg) is dissolved in toluene (23, 660
Rg) in a reaction vessel. To the xyl enol solution is added cuprous brom de
in 48 5 weight percent HBr aqueous_solutjion (105 kg of a sol uti on that was
6.5 wei ghtacmalee:qmmme:rdppeﬂ)e ganaval procadyre of Jixasepleahives fobeea; bubs kg of

CDvaa - ba Dot 10N BRAf My AR Hbh IR r@ﬁ&%@?ﬁhﬁ}iﬂ?‘éé?ﬁ%ﬁd&&? ne

conduct ed }@a%églﬁﬁﬁhsmla@gc@b]tpbpgegsdm h the continuous addition OF 2,6
xyl enol over a period O 45 IV mnutes and addition of oxygen at a rate of

;about 175 naormal cubic nmeters per hour (NmB/hr). The rate of oxygen

addi ti on iEeded on oxygen concentration control. The reaction _
tenperature is initially about 30(err)C and. it | ral-sedto 50C
.after the reaction exotherm TheEmPEb'i nt of the |rCerepatsoRdEampdadHed
after abdut 100-120_minutes whdn an in-line viscodity reading of 1 15
dL/ g was [dFdlaemed. At this point23@@dkgiter OF 40 jvfix percent ' L
nitrilotrjiacetic acid (NTA) sdlution in water is jadded. followed by i he
addi tion |qut1ﬂq,96 kileAbs of watlexooRgter 2 hrs agiftso on at a tenpergture

of about §650C, the solution is ] passed though a lijquid/liquid centrifjuge to
separ at e ['RfiaPol6 %o@nd tol uensogpmages. Pr ecl pi tladg@on of the high '
intrinsid viscosity poly(arylene ether) is 20 carrfied out by addition of
met hanol |t TO} € fBfasg ol N hirred tank sd 4,dhah the
tol uene/rgﬁ&qﬁgfl lﬂﬁ ratio i 4% out 65:35 and thegterrper ature is fJabout
50(err)C. preC| pitate is fijl tered, reslurriedl|in a 45:55
- tol uene/ ‘ ot HIKLUI rat T a—sotTd= II tTactor,and dri ed
to yield ?[ i %j é‘)&, tlﬁ’éufglarge, har d partgg The resi c*ual :
copper cd f’e’%’ CPRPEIFY D'yl no greater than 15 ppm
| DBEDA/toluene 125 kg ca. 50 kg
DMBA 237 kg | 193 kg
DBA 8okg ca. 60 kg
| reaction temperature initially about 30°C; | initially about 30°C;
after end exotherm to | after end exotherm to
about 45°C about 45°C
Reaction time to target | ca.100-120 min ca. 100-120 min
final IV '
O, addition rate. | 175 Nm3/hr | 600 Nm3/hr
intrinsic viscosity 1.65dL/g 0.46.dL/g
5
EXAMPLES 2-4

Three reactions were conducted according to the general procedure of

Example 1, varying only in the copper catalyst concentration. Each reaction

nsed 3070 g total toluene, 350 g total 2,6-xylenol (with 35 g 2,6-xyleno] added

10 initially), 60 g dimethylbutylamine, 1.4 g of a 50 weight percent solution of

15



The reaction conditions sumari zed in Table i. ARATI VE EXAMPLE 1

This comparative exanple cribes the preparation of nor meéfl May 2845 nsi ¢
vi scosi t yYWPIAYEHPY| ene ether) and is based on the results BCTASIEI®D2 14 4
May 2005 WD 02/12370 PCT/USO /18202 actual experinents. The general '
procedure of Exanple 1 was followed, but specific reaction conditions are

h d d Tabl duct h t ity O
0. 229§L/3 ink Yy ERAEE R pation ot 3h - Elned o B ?&'Tgpa'e%ié ook 19280
Initial YorhBiRo! PO kaci500 wafsotrah dsifi Xﬁieetq%h g@ﬂa@%e% dition |

yst o ut| K

time for 2, 45 min 45 mn xyl enol Coppe cat g ca. 55
kg (6.5%supplar 1i nAnewniBof GBEmREhb cuprens bfomide zatBgstiiy, 48 IyaiBht 237 kg

193 k kg. ca. ction era ure i |t|aII out .300C;
it a1 yDasa A s ﬁﬁrw%I B uRB e RREDL Py 15 Dtrats e FBRHIDIE S,
abOus 450Gabasyf Aaffs ReRduiAfple BE tThd qﬁﬁqﬁs@awséeéln@oofmtﬁe g&othP | 20
mn final IVO addltlonrate15 NVB/ hr 600 N8/ I ntrinsi |scos!ty

1. 65 dL/ gb@yiesyleneqether)s are given in Table 2 and show that increasing catalyst
amounts (i.e., increasing ratio of catalyst to phenol) are associated with

increasing intrinsic viscosities.

Table 2
Example 2 | Example 3 Example 4
Catalyst amount (ca. 6.5 % |12g i56¢g 24¢
in 48 % HBr)
Intrinsic Viscosity 0.89 dL/g 1.08 dL/g | 1.73dL/g
10
EXAMPLES 5AND 6

Modifying the general procedure of Example 1 to extend reaction times
until the product intrinsic viscosity was no longer increasing, the influence on -
product intrinsic viscosity of the chain stopper content of the starting 2,6-

15 xylenol was studied. When the 2,6-xylencl contained a total of 0.071 weight
percent chain stopper compounds (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 obtammg 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

16



EXAMPLES 2-4 Three reacjgons were conducted accordi to the general :
procedure of Exanple i‘/aryl ng only in the coppe‘at al yst tWa¥ERbrati on.
Each reactwonz1z8ed 3070 g total toluene, 350 g total 2,6-R¢FAIS81128¢th 35
9 2,6-xylenol added 10 initially), 60 g dinmetbyl butylamne, 1.4 9 of a 50
wei ght percent solution of 15 4 May 2005 WO 02/12370 PCT/ USO1/18202

di met hyl di decyl ammni um chl oride in tol uene PJA, and

but yl anmi nethemsrit @@@tﬁ@ﬁe\ﬁéi}lﬁ iventiong 4‘%’@1’&“&&5 lﬁ}ﬁjtqm%&%tﬂ‘gisﬂlﬁt

Exampl e 1. of ht

per cent aqﬁ@n@w‘%ﬁ%‘r’[ 1\%l/é’rgléﬁ g%t!r?g&? E@b@&q‘g@% %E%'llé?ﬂg%&gé&?ldé%{%pl e 3,
5 and 24 ghimigtfosr. Exanple 4. The intrinsic viscosities of.the product
poly(arylene ether)s are given in Table 2 and show t hat increasing catal yst
anounts (i.e., increasing ratio of catalyst to phenol) are associated with
increasing intrinsic viscosities. Table 2 Exanple 2 Exanple 3 Exanple 4
Catal yst amount (ca. 6.5 Yo 12 9 15.6 g 249 in 48 % HBr) Intrinsic
Viscosity 0.89 dL/g i.08 dL/g 1.73 dL/g 10 EXAMPLES 5 AND 6 Modi fying the
general procedure of Exanple i to extend reaction tines wuntil the product
intrinsic viscosity was no |onger increasing, the influence on product
intrinsic viscosity of the chain stopper content of the starting 2,6 15

xyl enol was studi ed. When the 2,6-xylenol contained a total O 0.071 wei ght
percent chain stopper conpounds (determ ned as o0.062 wei ght percent p-
cresol and o.oo0g wei ght percent 2,4-xylenol), an extended reaction tinme.
produced a poly(arylene ether) with intrinsic viscosity of i.80 dL/g. In

17



contrast, when the chain opper content was limted 0. 035 wei ght
percent 20 of the starti n@R, 6-xylenol, extended rea n ti feMapeolhuced .a

pol y(aryl W@e02/1881er) with intrinsic viscosity O 2.1o dL/gecThissy/msgepl e
shows that use of a phenol with a | ow chain stopper content is inportant
to obtaining the highest intrinsic viscosity products. Wile preferred

enbodi menﬁﬁ{@ e and descri bed, various 25 nodifications and
substitutions ﬁﬁﬁ%ﬂgg?hereto wi t hout departing from 16 4 May 2005 WO .
02/ 12370 PCT/USQ /18202 the spirit and scope of the invention. :
“Accordingly, if. is HopRRest TR isent i.avention has been
described by way of iq1).I ustrati on1 aﬁg&%@{m Ofﬁﬁ?\”@g&sﬁ?ﬁe ﬁtgeg)n%s%y 2005 WO
02/ 12370 oEPBOE: 18202 WHAT IS CLAIMED is: 1. A process for the
preparation of a poly(arylene ether) resin, conprising: reacting oxygen

with a phenol in th £sej of . al .j. 5, conplex catalyst conprising a

catal yst metal to fgﬁaﬁlgzg%&g?%?vﬁ]e%nﬁfl%ﬂéﬂmePW?@P@? af e meetebaction is :

conduct ecoimplan catz@y&ﬂc@nsplﬁsiﬁgh,ca’té]?stﬁﬁ@mlt? f&%@ﬁ%@f@é}lgﬂe i‘?ﬁ]ee? out 5 to
and *s nt,

about 15 ir%g{g{)ercent of the sumof pheno lar ratio
of cat al Y517t Hie Yeciing premdicted imbb wrganiteolvent,ahophendl 200, and t he

phenol hasnt&&rfQbAY , 10 erein X is selected from
the group cons rad ng!; %1?9? y%go;g)eo&t(?gm%ﬁﬁggrceﬁ( of the sum 0%< pilenol and
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“ Qm
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;

recoyering the catalyst metal using an aqueous sequestrant
solution; and

18 .



brom ne and iodine; Qig.a nonoval ent substituent ected fromthe group
.consi.sting of hydrogen,éydrocar bon radical s havi niroml td’rMBb@@O%
carbon atwowy/itsab ohydr ocar bon radi cal s having from 2 to aBEWUS8UB3¢%on
atons and 15 at | east two carbon atons between the hal ogen atom and the
phenol nucl eus, hydrocarbonoxy radicals having fromi to about 8 carbon
atons, and hal ohydr ocar bonoxy radicals having from1l to aboyt '‘8 carbon

atons and at | east iseletingthepok{amiensathen bynrecipiipbgBnWACH AR t he

phenol nucl eus: 'an b ‘ m t he sane.
group as @cﬁﬁﬁéq p%l&@rgg&gteﬂm?} R4F %erl\ﬁv#? fﬁ? ﬁ%ﬁg’f%%?ts‘? gﬂb%g%lﬁ%}tf%g, Q and
Q.. are Qjﬂ/gffh@ﬁ;@éd@t oteC in elilprafopima carbon atom recovering the catal yst -
met al usi ng an aqueous sequestrant solution; and 18 4 May 2005 WO :

S P A
greater t ?)?1’% v@g@@? ﬁﬁgﬁgdgﬁlﬂ hiily gwgoﬂ’stist%ﬁ)@ 3 B-&hAh@Pphefbl, 2- The process

+of C"aim en Ises at” least, 5 one phenol sel ected
Yﬁ@f

from t he gnetlyl-Goethiyhitiomgl, &-nilbylep-allylphephk emetizyl-tmphiy sbh@.ohenol
2-met hyl - 6;al | yl phenol ,, 2- yl - 6- phenyl ghenol , 2, 6- di butyl phenol and

2- net hyl - 611%1 %ﬂﬁfi?“ﬁl%éé"ﬂgggggéé "Claim 1, wherein the total
content of chain- stopper inpurities in the phenol is |ess than about 0.06

wei ght percent dasedrhelfroeBsd dFClhRh 3l wherghthetotahenntnt ¢f chllie- pr ocess of
Claim3, wherein the total content of chain- stopper | gﬁ)uri ti eB i raMtahe
phenol i s steppenimpuritissin the phepel ighessorr ahoubaHoweight PRECCPHPEFedhei ght  of

phenal . 5. The 0 i1l wherein the nolar ratio of catal yst netal.
15t pher%llﬁﬁestefaag&ﬁ%t:#d‘gqe?lgmabout 1:180.
4. The process of Claim 3, wherein the total content 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 phénol 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 éomprises a secondary alkylene diamine ligand of formula IT
20 Rpy-NH-R.-NH-R, 1II

wherein R, is a substituted or unsubstitated 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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6. The process of Claim1, wherein the netal corrpl ex catal yst conprises a
catal yst netal conprising pper. 7. The process of m 6, 4\/M@Y @6 t he .
nmetal compgae@adidl yst fulther conprises a secondary "al kylpg: /?ﬁb
ligand of fornmula Il 20 Ro-NH Ra-NH-Re |l wherein R, is a su Sti ed or
unsubstituted divalent residue wherein two or three aliphatic carbon atons
formthe closest |ink between the two diamne nitrogen atons; and Rb and

'R, are independsntl ﬂ‘hfspmcew&hf@iauﬁrs wﬂierélﬁrﬂlbaﬁéﬂa@rﬁﬁb oﬂﬁmggeﬁ‘&‘)v' ng from
four to elg{lﬁ grgonlitoms gprocess of Claim7 rein the
_secondary %C A ae Rl 1 ‘%}EHED@ pRingds about 1:1.5 to about 1:2. |

N, N -di-ter-t-butyl-:L,2-ethyl enediamne. 19 4 May 2005 WD 02/12370

PCT/ USO / 18202 18, quql ar ti o of copper
to total ﬁn"\l;lh di-tert- bul?)&@&%f‘ﬁla% fengﬁeﬁgﬁri:ﬁlé%&ﬁfs&grg tﬁlaé

about : 1: 2 @rcwnarq@%@ss@nﬂamrmnnammmnf@rrnulaﬁﬂ met al corrpl ex cat al yst
further conprises a secondary nonoam ne of fornmula Il 5 Rd-NHRe |1
wherein Rd and Re are independentidodyNﬁngl ving fromi to 12 carbon
atons. 11. The process of O aim 1D, ‘wherei m-the secondary nonoam ne

conprises di-N-butylam ne. 10 12. The process of- Claimii, wherein the
mol ar ratio of tot alwleepipeR? akdRe ak@inddbedouly bl ﬁ@ﬂx“% to about
d@p t he netﬂﬁgagg#pn%ex cata y2gt

1:7. 13. Th Bsagcess of Claim?7, wherein
further c§ %‘EJP 9™M%-tertiary nonoanine. 14. The process of Claim 13,
wherein the tertiary nonoam ne 15 conprises dinethyl butyl am ne. 15. The

process of O ajijfn 1, THESH 6k D BIARI AN \ih SRt V&'Ese%&r{ﬁéh? Sorbamine

comprises di-N-butylamine.

10 ' 12.  The process of Claim 11, wherein the molar ratio of total copper
to total di-N- butylamlne is about 1:4 to about 1:7.

13.  The process of Claim 7, Wherem 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 ethylenedlamlnetetraacetlc acid.

18.  The process of Claim 17, wherein the aqueous Seqﬁestrant |
solution comprises nitrilotriacetic acid.
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least one solvent sel ecjged fromthe group consisti of benzene, tol uene,
-and .xylene. 16. The press of O aim 15, wherein ‘ or gani ¢ May g0
conpri sesw@Gmsluene. 17. The process of Caimi, wherei nPERESAHLRBUS
sequestrant solution conprises nitrilotriacetic acid or .

ét hyl enedi ani netetraacetic acid. 18. The process of Claimr7, wherein the
aqueous sequestrant solution conprises nitrilotriaceti c&? 2Q.4 May 2005
WO 02/ 12370 PCIpUSOThegrazesspf Ciajan p%‘@h@‘s"«llbmféﬁérﬁ}ﬁol@f n\@m B Yol ar ratio

mecol 15 BT fpeBRb SelobaGe SphiBg oA AL ioatan ko £ Vo

conpri si nghppegzgoncentrating the 5 poly(arylene ether) prior to isolating
by precipitation. 21. The process of Claim1l, wherein an anti-solvent is

sused in the precipitation o he pol y(aryl ene et her). cess of
Claim21, wher & Hfess g]{)q: t; ﬁﬂ)rﬁléﬁri %}égplaf:l_napgg%%onéﬁgﬁggﬁ%%%d |
selected fr kS tdand ipitdtk@nol s 10 having one to ten
-car bon at @ﬁ%%g?%%%&%ﬁggﬁgigéggg%m}%Pprocess of Claim 22, wherein the
‘anti-solvent conprises nethanol. 24. The process of Caim23, wherein the
precipitation shep (Besprmcesooidaimaowhereinad anisehent syssddn tBeout 45: 55
to about 65:35, 15 25[:. The, process t?lf Claim 1, further conprising

funct i onalBTeFRYAPRB © 6]5??? SIYeHE € ﬁ’é)r) resin to incorporate at |east one

functional group selected fromthe group consisting of -SOBH, -SGM
- S2Rf, - SO2NHRfo, - IPENGRICRss of Clakh 21; WheRin theankRfolvent cooOMiREyR, wherein

where Rf is, independent]y, a | aving fromaone tg fourscarbon atons, or
aryl havi feast p@mcSmeqmi %/ﬂqacggch, g}é)mt e gro%p consm%ng of lower alka%oﬂs

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

2g3.  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 incoréorate at least one functional group selected
from the group consisting of -SO3H, -SO3M, -SO=Rf, -SO.NHRI, -SON(RE),, -
COR, -COzRf, -CONHR! and -CON(R)., wherein where Rfis, independentiy,
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 | atbms, or quaternary ammeonium ion wherein each alkyl substituent

independently has from one to four carbon atoms.
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20 atons; and Mis an alkgli netal, an alkaline earth tal, a transition
metal, N114+1 primary a iumion wherein the al kyl bs#iraenzobas from
one to fwore2aasdon atons, secondary ammoni um i on wherei n eaghisahAss:2
substituent independently has fromone to four carbon atons, tertiary
ammoni um i on wherein each al kyl substituent independently has fromone to
four carbon 25 atons, or quaternary ammoni umion wherein each al kyl
substituent i?fdepeddemiogessad Glaiont owhetainftbepobdabdenattng) hadad May 2005

pol y (ar y1 Ll e Brftef amatfaRia’t fde Saaudidin GHOTRBRTINAR 1 0 dL/ g

measured ¢n chloroformat 250 C. 27. The process of Caiml1, wherein the
poly(arylene ether) has an 5 intrinsic viscosity greater than about 1.2
dL/g measured in chloroformat 250 C. 28. The process of . Claimi, wherein
the pol y(aryl e et he¢ proesss ghClaim v, iwharein/thecpaly(arylpneattber)tiasrmmbout 1. 4

dL/ gs neas TNE t : 29. The process of Caimi,

wher ei n tﬁgﬁlg% %&%ﬁgg@'{e’fﬁ@r 2%(2)3“ tgh‘g &ﬁ/rﬁ F}eﬁEPEe%ns@ﬁgmtgmﬁ'r%ﬁEEr t han
about 1.6C.dL/g nmeasured in chloroformat 250 C. 30. The process of Claim
1, wherein the poly(arylene ether) has a copper content |ess than about 50

ppm 15 31. T pragess of daimi, erein the reaction of oxygen with a
phenol in the esgﬁEeequceas Hﬁ:g}i‘mc]@ egginchepqletarylene sibedthed amn a

reactor iaBi@GE ei@cégiwrgﬁéaeeﬂmﬁ%b@afli@dit Qb3R8 B GLLILRRGE 2

reactors having two "of nore continuo rred reactors 1n series, and
pl ug-fl of-bubbl e colum reactors. 22

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. |
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