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With an intrinsic viscogaty O 1.46 dL/g froma re lon mxture in V\/mch

‘the -nolar ratio of 2, i met hyl phenol to copper c¥®alyst (c&IMay2i®d p

nol e of ®apPEI23#H ons) was 13.5. Cormmonly assi gned U.S. PaPERUSRE18202
3,306,875 to Hay generally 20 describes a synthetic method utilizing a
tertiary am ne-basic cupric salt conplex as oxygen-carrying catalyst.
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diL/g. In this exanple, the nolar raRpgRis starting nmaterial

2, 6-di met hyl phenol to copper catalyst is 4.05 and the solids content 25
of the reaction mxture is 5.7% 4 May 2005 WD 02/12370 PCT/ US01/ 18202
Commonly assigned U S. Patent No. 4,028,341 to Hay generally describes a -

smet hod of GBQENRQOE&]PWWWH@\TH her) resins wherein the catalyst

conprises copper ion, brom de, a secondary diamne and a tertiary  am ne.
Exanpl e XI'V descri bes the preparation of a poly(2,6-dinethyl-1,4 5
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wei ght during |solat|on and 10 difficulties encountered in pr oduct
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et al. generally descri'bes a nethod” of “synt hesi zi ng pol yphenyl ene et hers
using a nanﬂie}‘savmgormslaaglea‘owp@hts ofs arqO(dltanﬁb@Jt 80,00 and ani ne, -
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to 0.6 dhidsuredin 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 dependenoe 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
oomplex 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—dimethylpheriol to copper catalyst is 4.05, and the solids_ content '
25 of the reaction mixture is 5.7%. |



U S. Patent No. 4, 440,92 Bartmann et al. general | gadescri bes a nethod
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rates an r ' . yields of the desired CQ coupling., 5 European
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septd at i odiffipuieiestevsowhteRediypFIRRIcE r@@PitQﬁ’oﬁj bers conprising high

nol ecul ar wei ght pol y(2, 6-di net hyl phenyl ene ether)s, particularly poly(2,6--

di met hyl phenyl ene et er)s_haviInJg wei ght average nol ecul ar wei ghts of 105 to
3

5x106. No gui daREBIPRIYRssigneddUidr Ppteasdipng, Q08,992 t6-Bemmethydpheinall ene 10

ether)s |deriehity 'H@sgxﬁ?%sgg R of A)Athesthiny SEtlSn%ne 2BeR g%%gtg Bikson

et al. describes nodi
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



pol y(phenyl ene ether) based nmenbranes for enhanced fluid separation.

“Pol y( phenyl ene et her) sins were purified to re | ow yodi £ W @5 wei ght
* conponents (leaving a nber average nol ecul ar wei\@hit greater than 15

25, 000) , WheN1BaPfonated to yield the materials enpl oyed R¢HPO1GEY?2
Separation nmenbrane. There remains a need for an econom cal and readily
scal abl e process to directly afford high nol ecul ar wei ght poly(aryl ene

ether) resing suitable for . use in such applicatjons.as S separation.
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phenol in.the esence netal conplex catalyst conprising a catalyst
net al toyf‘?}aﬁogﬁb%%f(l%‘i/){:ﬁgmé?ﬁ%’), wherein the reaction is conducted in
an organi c solvent, the phenol concentration is about 5 to about 15 wei ght

pergent of themsiopesh PabaitAipplichiing NeMo8 EheAre albérgtatal dextribat al yst
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formul a @RS Parabigerannaratiss i asymmatrisnholiewgfibers eomnrasingghigh

hydr ogen i o ! _ hQaine: | |.e Ltauent

sel ect ed@@%lﬁq&{akgs %IF’IS{JE)%WQ% cgﬁgf%%%&%&}%%tr oéﬁ%h@gggggf&gg?(?;ﬁ;i cal s
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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 : 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:



hal ohydr ocar bonoxy radic having fromi to about 8 rbon atons_and at 15 -
| east twq carhon atons b en the hal ogen atom and tW phend Mauéd®us;: @, -
Q and Q_v_v_ 041870, ndependently, selected fromthe same gr oBETASOIPSA i n

addi tion halogen with the proviso that Q Q, Q and Q.. are all free of a
tertiary al pha carbon atom recovering the catalyst netal using an aqueous

sequestrant solutj.on; 20 and,isol.ating the poly(arylene ether) b
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reacting n.wth a.phenol i he presence of tal .conplex . catalyst :
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about 5 5 to_about 15 weight percent of the sum of phenol and Solvent, the

nol ar r athas thgfogauly yst netal to the phenol is about 1:100 to about 1:200, -
and the phenol has the formula OH QQ X wherein X is selected fromthe
group consisting of hydrogen, chloringy 10 bromne and iodine; Qis a

nonoval ent substituent selected fromtlhe group consisting of hydrogen,
hydrocarbon radi cals having frog_ 1l tolabout o8 carbon atons,

hal ohydr ocarbon radi cal s having frgr ®g~about 8 carbon atons and - at
| east two carbon atons between the gn atom and t he phenol nucl eus,

Q“ Q‘ L1}

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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hydr ocar bonoxy radi cal sghaving from1 to about 8 c on atonms, and 15

hal ohydr ocar bonoxy radi"s having from 1 to about car bon &t Ma¥ 280 at

| east two wanbas7at ons bet ween the hal ogen atom and t he ph&GdUSAYE$8Ys; Q
~Q and Q' are, independently, selected fromthe same group as Qand in
addi tion hal ogen with the proviso that Q Q, Q and Q.. are all free of a
tertiary al pha carbpn_atom 2Q re the catal yst metal using an
aqueous sequesth BHitheg afprgparmgp Y f@pgte ?ﬁ‘é‘nﬁésﬁ“éaryl ene ether) by
precipitation, wherein the isolat ed pol y(aryl ene'ether) has an intrinsic
vi scosity great : t 8 r i I m 5 4
May 2005 WO oﬁ%ﬁﬁ@%%’%%@%s‘gﬁlas%&gr o aneh %5@%%%%2% é?%ﬁyt%ggﬁlg%cordl ng
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2-met hyl - 6- propyl p he nol ecul ar wei ght of a pon(ary ene _et her)

resin can deardudcegtayio the-phmobis ehruti:MoppebontpRdo; iaad the Rhfaolhenol
starting nerally, a chain stopper is a phenol ‘having a
non-displggﬁgééghgﬁﬁgaltuent in the 4- position. Exanples include phenols
havi ng al kyl substituents in the 4 10 position, such as 4-nethyl phenol
(p-cresol) and 2, 4-di nethyl phenol. It 94 therefore desirable to reduce the
concentration of chain stoppers in order to achieve the highest possible
pol y(aryl ene ether) nol ecul ar wefght. pad®'ticular, it is preferred that
the total concentration of chain st@pper~finpurities be less than 0.2

wei ght percent, nore preferably Ies thanf 0.:1 15 wei ght percent, yet nore
{ _pe eét"tl, and

preferably | ess than about O. 07

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, .independently, 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.



even nore preferably | essghan about 0.04 wei ght percgnt, based on the
total weight of phenol. @ the nmethod, oxygen is re d wi ¢May 20¥nol i.n
t he preseMoO#202378 netal conpl ex catal yst. Suitabl e catal yBCEHUSOm18200
synthesis of poly(arylene 20 ether) resins include those conprising such
catal yst netals as manganese, chrom um copper, and m xtures conprising at
| east one of the foreg |ng metals. Among netal conplex catalysts, it is

preferred to udeferrg ol diegihege @Q@%Ild}%g t@@W@Erigabm@e@bwthal kyl ene
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and cupric salts as described in commonly aSSI ghed Eur opean Pat ent
Appl i cati on Ndlhelmiglzadar welghiradta pely(atyleite éth‘ﬂ)/rmﬁ)&an\h@ ehe2d by

PCT/ US01118 | oned_above r ef,err ed Lcopper. co | yst
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di ami ne al élgdndsopper ﬁ@%clﬁhéiﬁd Haﬂu?%)ﬁfﬁ%ﬁ ﬂlﬁﬁtﬁb‘f@s sctltuBﬁ’E ?ﬁ'tthéb
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Exampl es include ethyl ene, ene, ropyl ene,
1, zméut yRehigve 1]136 8l ossl poly(ary]ene e¥her) moleculgr veglght In

partlcular, 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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butyl ene, the various 1tyl ene isomers having fr two to three carbon
-atoms separating the t ¥ free val ances, phenyl et hyS#¥ne, tol yl4eMayeadfe 2--
phenyl - 1, ¥@e262§Tene, cycl ohexyl et hyl ene, 1, 2-cycl ohexyl e 174503118202

cycl obexyl ene, 1, 2-cycl opropyl ene, 1,2-cyclobutyl ene, 1,2-cyclopentyl ene,
and 15 the like. A highly preferred Ra is ethylene. Exanples of R' and Re

include i |, t.-b , 2-methyl -Qut-2-yl, 2 - = 2 Wk,

e port” B4 i B et o Sl
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pr ef er r ed ligendndee gesiribpdaneopomantyrassignedda Sd Patent No. 341 to Hay

N, N -di -t-butyl et hyl enedi.am ne EDA). Suitable nolar ratios of copper to
vsecondar.ya&ﬁl@i?@?@éﬁ?ﬁ%&%’%@“ﬁ m about 1:1 to about 1:5, with preferred
rati os being fromabout 1:i to about 1:3, and highly preferred ratios

bei ng; from about 1:1.5 to abouRk-NR-Rah&{Reef dired copper conpl ex catal yst

-conprising a secondary al kylene 25 diamine ligand may further conprise a

secondary nonoani ne. Sujtabl e, secongdar, oani ne |ligands ar.e . described in
commonl v~ adergimeR? is & subptiiuiad oRgmsyk 9@%?% l‘t'agé € f‘eﬁqu} tyrngr

<512 AR LR B et Mt o (s s
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1-di met hyl propyl’) ani ne, and ) I ke. A highly preferred secondary
monoani ne biusylene,ntheivarians mentyepg isomess ihaxing iean vg 40 15res C@?ﬁ‘fﬂbr to
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phenyl-1,2-propylene, 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 i;iclude

. 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



highly preferred ratios beang fromabout 1:4 to about Q:7. 10 The preferred .
copper conpl ex catal yst ci)ri sing a secondary al kyl di arfi Mey PO@fand nmay
further cHi#¥R870a tertiary nonoam ne. Suitable tertiary momasoei/ 2ol i gands
are described in the abovenenti oned Hay 4, 028,30 and Bennett 4,092, 294
patents and include heterocyclic amnes and certain trialkyl am nes |
characteri zed by ‘pavi ng the am ne nitrogen attached to at |east 15 two
groups whYERTHBERS and kyare independently iyl having from o e 12acaaboh atoms,
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about 1: ZhetlikabAdhightygorefametl beainidary prefoamied is @imbubAhngné (DBUJbout
1:20 to ggout ﬁé 60. A suitable nolar ratio of netal conplex, catalyst
(measur ed §EABITOT Ta BPST {hSeneadary mongagyne 1s Biom gbawblit! to. 400,

wi t h abouihokit1016,0wpRoptefdird@QatiB8! "TRAR" . %0 about
1:180 bei ng. nore preferirg_‘ed. l:%ﬁearleaclﬁigﬁ fﬁ%@mﬁ@‘ﬂ“ﬁ?g@ﬁg&%‘ éhgh%lnho
conduct ediBhlyt prefgured ealdes being draretablout vrptoemboudtiat yst nay optional Iy be
conducted in the presence of bromde ion. It has already been nmentioned

th b 1 de | Jpplied 3 b 1 d ic b i de -
s 1” "o de The BRECAZANRR Eomplte o By S e asrondeny Elbdeneancs
suppl i ed digmeddiligend iy furthéir @mpHeealterisdttsmanofmbndli S'ﬁitﬁ}]gﬂe'tﬂi'ti?ry

br onophenol . Additi.onal bronide_i %n_ may be supplied_in the formo
hydr obr orfPeRgaHNe kigands are describledgngthiecabovementionedainy e, 28,841 madal

bromi de. fadidt Po8BIAE Padedtydsp rmlfdeaq{eger%rcﬁclm IR §hE" E&Sain
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



5 brom de sources. A suyatable ratio of brom de iongwo copper ion is about 2

.to about 20, with abo8@@3 to about 20 being prefcWed, and ab¥ay 280% o
about 7 @ eg2aBre preferred. In the process, the reacho‘l’”FHE?Q/Gé‘éﬁ“zoxygen
and phenol is carried out in an organic solvent. Suitable organic solvents
I ncl ude al.cohols, ketones, 10 aliphatic and aromatic hydrocarbons,

chl or ohydr ocar bons nit rohydrocar bons est ) _
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-about 5 t @hahpuwio, ¥athebght 3 @oalpertcambeing plreéelaaqi,ya%@gpu b4 &

wei ght percent, nore preferably about 6 to about | o weight percent based
on the tott@m&\i@’r(ﬁ'ﬁtpr ‘ﬁﬁ‘lﬁnol and solvent. Al the phenol may be added at
t he beginning of the reaction. Alternatively, phenol can be added in
discrete or coryl c@é@ltﬁé&eﬁbﬂdmbeﬁmnomqngenam:ﬂp]nebrmlrlea:arm@dm oubxygen
can be introduced o reaction mxture |n]§urefo 1 i}?c@kg W|th an
i nert gas 18Lmh0@:galmllct$€3‘g@ﬁ Raitable, oxgagim SORBLS: RS ‘?(Qc © e used

| dt |
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i on escrl be Eur op€an Pat ent plicati No.
107, 653 Alpigehifiadcaabond, ethérst estats} amzdes;anpt@mher—esﬁems, 1GAFp AL tat e
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The very high molecular weight polyphenylene ethers greatly increase the

viscosity of the reaction mixture. Therefore, it is sometimes desirable to use a

15 solvent system that will cause them to prempfcate while permitting the lower
molecular 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.



The reaction between phen and oxygen nmay optionally carried out . in
t he presence of one or noM®additional conponents as wn i rf Mae2e0s |

i ncl udi ng “¥O9¥M&0 al kanol or glycol, a small anount of wat eRCT/BS01asPhase
transfer agent. It is generally not necessary to renove reaction product
water 5 during the course of the reaction. Determ nation of reaction
tenperature andntine re Wi t hin
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The rfeact iduringrehe @rﬁ@@ﬁh@%ﬁéﬁ@ﬂ, st oppi ng the oxygen addition when the
target intrinsic viscosity is reached. O her suitable nmethods for

term nating th;ereact ion 15 include the addition of a mneral or organic
acid, such as JCEErRIALIQN obreackign f@amqramrecamdatmweswrthm tlesskiflafr i bed

i n greatery f limdtation on t eaparatus
used to car ggé gfj{)rd[?ﬁﬁ%h I;‘?gr?l? PEhe Sﬁﬁ%}lk’ﬁ 5‘(’1161?1 lakdemperatyre it may be
carri ed owbombeg°C riotaﬂneut BgPClis satableh atiihhedting Gidinh RHOUS 4!@0@9@ aﬂ%ﬁﬁgr amed

t he phenol at various points in the reaction may

ddi t f 2
ge erri)logyg_ﬂ) Qf/ait O gerrg;c MOXEEBr 61 (Hh9 Ieactiebdprafilet hélhese yisenbzat i on,
| t d
i ncligdi ng parbngt ﬁnﬁ’tdtidr?gn tﬁ%ﬁ'ﬁij E?é:féﬂ'cnoh"?@ SnHBfefﬂ §P @@%&%a@?r re

tank reactors in series, Umm T eac
order to #hé Fﬁﬁ@nfmﬂﬂwdSothmmcrmqamdﬂﬂpmductapmy(@ﬂywwﬁh@mhﬂﬁﬂﬁc( TNDQ)

and achle | ecul a i di strjbution and short reaction
times, \(’?Ssc %Splggﬁga&%%/co F&%Ph%fiﬂr@f% andpdinesdseqmetase (he reagBonr nore
cont i nuousn@_st bé rathinatdd by e&PpIhg the & 3ddftfo 'eﬂgthtel t%\“fgé’c”lflﬁ]lﬁm ol um

reactor. The method further_ conprises coveri ng e copper®catal yst using
an  aqueol¥Ccesty és reaghedso IQIhﬁb rsuitshle abetkode donitgnesndting rthecmacham t he

cat gkyst jnclude the addition of a 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 eatalyst using an
aqueous sequestrant solution. Suitable techniques for recovering the catalyst

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

10



30 metal fromthe netal ggonpl ex catal yst include t e described in
.commonly 10 4 May ZOOO’V\D 02/ 12370 PCT/ US01/ 1820% assi gned Map20®at ent
Nos. 3, 838%d oR1#300 Bennett et al., 3,951,917 to Floryan et PEW/USOHHE02
4,039,510 to Cooper et al. These techni ques conprise the addition of one
or nore sequestrants to conplex the catalyst netal and facilitate its
separation fromthe poly(arylene ether) product. A preferred thod for 5
renovi ng eatighys {J.8ePalent Mos. 3R3H0Y taBenand aftahe 3)0P Pt FIZYREEY i bed
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citric acid, tartaric acid, nitrilotriacet

.6 .aci . i
et hyl enedilGenae dikegiicediackesio. SENaBRA i e, ehich glimingfes
hydr oxyet hyl I I am.net £ ' ' i I Vinanthe peniwaacet i
a?:/i d, zmd Iﬁﬁ@{ql?%{ge. h‘/g{sﬁe1 ge(adlﬁ@t%;rde{%t gﬁr%?t’b%c%i%d%gét hgi_r fr@ee %gi ds or
salts of, ffan thepobimeritdtion mikkekibymixing theprlymerizationy FRxwEe ath aang

ni trogenous cati,ons. Preferred s estyants.d ncl u Lt o] rig | c acid,’
et hyl&nedicAmMerBgr£3gept @ngcﬁﬁumﬁq’tl ceniifpping %ﬁ‘? tng%lltt@hlfxgé n%?gﬁi-ér atios
of sequestyapt "Rt pblRh& flmetpriorlid  sab uemt liquid figuidbout
1.i:1 to about l%ﬁﬂi&g%fa‘lr%ég?ef e?reygi,fl and ab%ut 1:1.5, t@&q(fbou 1: 2.5 heing
nore pref eenbifugdiproresshodn fgenerady subakle seavesisantst ilwg‘l %Qoi:}@?‘(té‘?% ene
et her) by reci.pitation.. Precipitati of, e I reigan be
i nduced b¢a?§@f¥le§p?‘38r FS?T@IEQ%E?WHuglp Sy esg{::l?i%sﬁ?:gt% Vg%i[&?ggasrgih e%:% above,
or by the ggddotrigrtiel acid, ethylenediaminetetraacetic acid,
15 ethylenediaminedisuccinic acid, hydroxyethylethylenediaminetriacetic acid,
diethylenetriaminepentaacetic acid, and the like. These sequesirants ‘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



an anti-solvent to the reggtion mxture. Suitable antigsol vents include

| ower al kanol s havi ng onio about ten carbon atons, et onet May2¢@xane. .
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at a range of concentrations relative to the organic solvent, with the
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nmet hod naygeoptatiogalithercripngy pewdee crereenivapowdet fireg.eaction mxture
prior to addition of the anti-solvent. Although it is not possible to

pre-concentrate_to as great a degree as fqr lower intrinsic,viscosity 10
pol y(aryl ene e@h@rwﬁhgﬁaénamﬁwﬁwwme PrercopsasAEng dhs Feaclian e ght

percent pal: Y, tRER) Al Mok y | | g ; e-
concent ra{'&%l %ﬁlﬁ%ﬁgﬁtgﬁiﬁ%g _cﬁ&(@?%@i}’gﬁkﬁ%vgﬁﬂt ﬁ%tﬂpr -cgnlﬁl@&gqs%%e _?rgy be
carried opre-epneardhaizt itog ashereall wt idegredoae fars lawepspiteinsie basdosity poi nt
at pressyr.e des el evat ed ahove one .at.nosphere (sp that no. boiling
fad0 U5 BOETIG webdas PERCRARGERISTY OSnder BpREen ARGt 18 BRI on o
a | ower Eéﬂﬁe‘il@rﬁolﬂﬁy‘lcﬁ{@%ﬂ@éﬂr&ve WossiBRY VARPT saedtle meihed Subsprat i al .
part of the toluene takes place and the requitred heat of vaporization is
suppl i ed byneamsratinnimay besmplexed.i Fox peample, the prerrgaceaationsnay beheat of

or oduct - S00158 Ty PRt Y oL Rt BS AOSphATE bl RInP LRy

be 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 —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



f-unctional i zed by known_procedures to create additignal substituents on at
.l east one of the aryle rings, the substituents c‘pri sing 49@3y200BC8M - .
SO0, - SO2WRi2/123802N( Rg~, - CORf, -CONHRf, and - CON(R92, whREBURS1/15202

i ndependent |y al kyl having fromone to four carbon atons, or aryl having
from25 6 to 10 carbon atons; and Mis alkali netal, alkaline earth netal ,
transition nmetal, NH4+, primary amoni_um jon V\/nerel n the al ky] - substituent
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fromone to 30 four carbon atons, or quaternary ammoni umion wherein each
al kyl  substit qgrt proskean@apits! yrdtartibhoof eneoly@afydere eﬁrehrb)rhswmgmn Such
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or greater than about 1. he process enabl es reproduci bl e formation

of pol y( poly(mnéelm Ia’é1€)r) Hmmnggamnntmmmc va$eosity seiskint 9.2vikAg.npreferably / g,

f bl f th |
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poly(arylene ether) having a volatiles content less than abput 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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typically in the range of out 5 to about 15. The in lon al so
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pat ent s 286ty DRl RIS EBKERoL 254 B8 X BEeRRT R e L85 B0 ™
exanpl es.inl8 réadtion 28061 YOIRAJRHMN sB’fﬁﬁdﬁSQ écﬁ&%o&l proteViiomifieiin pxanpl e

prow des a procedure for the' preparation gm |ntr|n5|c viscosity
pol Y ar y| WRkShd ipeeeent Fher aguasuissg lmomlﬁmskgofaso igeitataras Gotweight

react | on vaced tofifrRl xyﬁ%%ﬁﬁiwlépgéﬁﬁ}z'gge@oﬂéﬁb cBute i aBofh 465
wei OhE " eoneomeery . N hl Sl Byl LRy ncar i e L BB el of an

about 2 8§r & t Co%ﬁala@ﬁe 53133{ %ﬁnig}a s veasEyn igicandngteslasa semie ( DVBA:
227 0, R s OIS BB ORI B
perifod O‘mmmﬁeyandmdtdeisomnﬂom;cgmt atonratt ofapgatia narmal eulsit radleus pdr’ 5
nor mal C"l—?' t ﬁ@ : gfh PHhe 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/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

14



Rour (NnB/hr). The rategof oxygen addition is baseggon oxygen concentration
.control. The reaction ,‘perat ure is initially abo 30(err) @ Mandofgd is
rai sed tow@bRish70450C arter the reaction exotherm The endP@DUR1/I8R02 he
reacti on was reached after about 100-120 mi nutes when an in-line viscosity
reading of 1.65 15 dL/g was attained. At this point, 185 liter OF 40 wei ght
percent nitrilotriacetic acid (NTA) solution_in water is added, followed
by the addidtuanexperitoods) i The generl papoesdurasof dixamplest st ptowigdabul
t enper at ure of. about 650C.. t he sol uti LS: | QU iquid
centri f ugeREGHEESFAFARR ?ﬂ@mg&%@%ggﬂéﬁé&% (l‘:lﬁs Ut e‘ﬁ‘gﬁgﬁ%?éhgﬂg E"r aellz:lllépﬁ#ﬂ g"{‘%n of
the hi gh i drigitEinyic ¥eedkity oPol4a(dljd. ene ether) is 20 carried out by
addi tion of nethanol to the toluene phase in a stirred tank so that the
stoluene/ net hanol weight ratio is about 65:35 and the tenperature is about
50(err)C. Weéfeci pitate is filtered, reslurried in a 45:55 _
t ol uene/ nethanal_ mxture - qeira'rpd Ln.a solid-1li ﬁlﬂg&v‘frag_t_g,r_'__&nﬂ dri ed
.10 yieldfa soft precipitate wijtlxunplesrge, hard p&qmpwg@niﬁémréga ual
copper cdntent is 25 generallW no greater than 15 ppm The reactio
~condi ti onsTauensunmari zed i n Tmzp6o kg COVPARATI VB 1B2BUPLE 1 This
conpar atijve exanpl e describes tlhe preparation of d normal intrinsic
vi scosi t \| IniXial(56 xienel et her) angba kgbased on the |rsmul ts of several | 14 4
May 2005 | WO 02/12370 PCT/ USQ /|18202 actual experjinents. The general

procedur d Pl FX@MRiGcl Was Tol lloweslh kput speci fid ggaection conditions are -
changed gs i ndicatfed in Table i|. The product hastan intrinsic viscosity O

0.46 dL/ ¢ e 3+ | i'son Exanple i uene 23660 kg 19280
giﬁﬂbﬁ r:mbé'ggé‘gg g%g %‘Hﬁﬁ ‘ 45 hPh |

lnitial 3 61%yheno
Copper catalyst solution | 105 kg ca. 55 kg
| (6.5% copper in 48% HBr) | _
| DBEDA/toluene 125 kg " ea. 50kg
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 '
0. 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



Total 2,6 xylenol 2000 kggB8l0 Addition tinme for 2,645 mn 45 mn

xyl enol Copper catalyst sWution 105 kg ca. 55 kg ( 6 coppdviay 2008 HBr )
DBEDA/ t ol WO#2/1338 kg ca. 50 kg, |)MBA 237 kg 193 kg DBA BCTREOLE20B0 kg
reaction tenperature initially about 30CC, initially about 300C, after end
exothermto after end exotherm to abQut 450C about 450C Reaction tinme to

target ca,. 1Q0- LN ca. 1po-i f|n addi tion rate 175
NVB/ hr 60 lﬁﬁgrﬁfg?@rﬁmenmcﬁﬁlﬂfﬁ% 1’65t FBE derf $-HanNErEs 2- 4
Thr ee 1 eabhtyRAFINE" CTIRONEHES S meﬁﬂ'aﬁngqﬁéﬁrﬁ%%ﬂ 1 @Fﬂggch  nction

Example i, varying only in the copper cat st concentratl
used 3070E§amp eall. tAMeemEs Cﬁ%sgfvelghalcupr(&l&brmmdie (catalyst3n 98 dydighy| enol

dded 10. | but f 0 t t
2ol ut 1 on bitcbiagidinsBe8 i E Buis ehr Blelbbnegs s B afor OBy aboyl
amofi um gid 14 dgahts 6} UBRENPIEAY. anthS. lﬁtﬂnﬁb ﬁsc@éih‘lé!;a@? 'H?'x‘e Jﬂa Pﬁﬁ‘aCt ion

was run usi ng t he tl mes and terrperat ures of r’rp . Amount's o

wei ght  cupel therlsaarg giveniin Tablee? gind slp@wdémt inoreasing ¢ddalysere 12
GTate SRR 7, ARA o e

4. The intrinsrc Wisd
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



poly(arylene ether)s argagi ven in Table 2. and showgahat |ncrea5|n% cat al yst
amounts (i.e., increasi ratio of catalyst to phe ) are ash ge with

i ncreasi ngvowemixei ¢ viscosities. Table 2 Exanple 2 Exanpl BCHUSRHIP0R 4
Catal yst amount (ca. 6.5 Yo 12 9 15.6 g 249 in 48 % HBr) Intrinsic:
Viscosity 0.89 dL/g i.o8 dL/g 1.73 dL/g 10 EXAMPLES 5 AND 6 Modi fying t he

general procedure of Exanp Ie i . to extend re on ti hit r oduct
intrinsic thessuei tagildvﬁiiﬁpﬁ@ the fasentigny e%@oﬁéng Bhét lﬁ#ﬂ%ﬁeﬂ%g AT: uct
intrinsic t I 15
xyl enol wa Eﬁ%e&% %(ﬁ}elﬁsfl ng'ggéﬁoqb% E&)%f aﬁpé)f;'ﬂtﬁ%t?glfib%d}gi%c% wei ght
per cent  chhmitasiogpper conpounds (deternlned as 0.062 wei ght percent p-
cresol and o.oo0g wei ght percent 2,4-xylenol), an extended reaction tine
produced a poly(arylene ether) with intrinsic viscosity of i.80 dL/g. In
contrast, when the chain stopper content was limted to 0.035 wei ght

percent 20 of -the starting 2,6-xylenol, extended reaction tines produced a
poly(arylene ether) with intrinsic viscosity O 2.10 dL/g. This exanple
shows that use of a phenol with a |ow chai.n stopper content is inportant
to obtaining the highest intrinsic viscosity products. Wiile preferred
enbodi nents have been shown and descri bed, various 25 nodifications and
substitutions may be nmade thereto w thout departing from 16 4 My 2005 WO
02/ 12370 PCT/USQO /18202 the spirit and scope of the invention.

Accordingly, it is to be understood that the present invention has been
descri bed by way of illustration and not :
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limtation. 17 0 4 May 20 WO 02/12370 PCT/ USQO /182 VWHAT IS CLAI MED
is: 1. A process for the apar ation of a poly(aryle t her )4 Mag 2005
conpri si NYWO 128281 ng oxygen with a phenol in the presence pErasogisadz j 5
conpl ex catal yst conprising a catalyst netal to forma poly(aryl ene ether),
wherein the reaction is conducted in an organic solvent, the phenol

con,centraﬁ;}' f&]‘i bpoyt 0 about 15 wei ght percent of the sum of phenol
and solvent, Jﬁmﬁétlo of catalyst netal to the phenol is about

1: 100 to about 1: 200 and t he phenol has the formula OH QQ Q, Q11 -
10 X wherein X.is sal esh fHr ene of . hydr ogen, chlori ne,
bromine and iqdine; Qis a m)no r??étg&gofggﬁm{’ ee%tpg ]felsg?nthe group
consi st i rf¢TAPTIENMEE ogen, hydrocar bon radicals having from1 to about 8

carbon atons, haI ohydr ocarbon radicals having from2 to about 8 carbon
n the hal pgen atom and t he

ghgnmél aggdlgugf déaggla @%ﬁé@%%@ EE‘F%O HE\IF‘%QW&EBWP fameisbut 8 carbon
at orfs, am@mpiakoh’gaiysmm]ﬁtMﬁg ar@fﬁ]ﬁ’ﬁlrﬁem%?&#ﬁﬁr&}% {‘_ﬁ, lg‘%)gﬂiteggdcar bon

atons and ,at ast two carbon atons bet ween t he :
phenol nUBIEs Qlﬁ{?rea‘:@”ndﬁﬁo UCtefiFIeanlomgtapersdbnnt,)thephleﬁ@l ed fromthe same

group as cgh h the I so t Q' and
Q.. are Gl éé}?trr %feimg? s 8664 $ﬁ]%wt§g%ﬁe§%g¥’%ﬁﬂ f)ﬁﬁe Shge 8’9%]51??‘@[ atkk cat al yst
net al usisalyeah thqunolfa: rﬂ’ﬁq of satalyst 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’,

| Q” and Q™" are, independently, selected from the same group as Q and in

20 addition halogen with the proviso that Q, ', Q” and Q™ are all free of a

tertiary alpha carbon atom;

recoyering the catalyst metal using an aqueous sequestrant
solution; and

18 .



solution; and 18 4 My 05 WO 02/12370 PCT/ USQ / 02 isolating the

.pol y(.aryl ene ether) by @fecipitation, wherein the ol at ed pogy d984 ene

et her) hasvemnziizgei nsic viscosity greater than about o.8 BCHYSHERSEY ed at
250C in chloroform 2. The process of Caiml1, wherein the phenol conprises
at least, 5 one phenol selected fromthe group consisting Of
26d|rrethylphenol 2- rrethl-6 et hyl phenol_, 2-net hyl - 6- ah;w henol ,

2- et hyl - 6- pheny| phdsalating t Pﬂb’ﬁﬁm’iﬂw@h@ﬂﬂé’rﬂi@@h@?ﬁw FBJYE phenol . 3.

The process per

i npuriti eésqlﬁ{e[nf%cﬁ%@gxlgpe--eglqﬂggé Fﬁﬁ’&hﬁ%u\f@gﬁ gt%t%\géteﬁ tmé@?%@#?&bas ed - 10
on the tot&L/ bghire@hit ngmchlémﬂihm process of Caim3, wherein the total
content of chain- stopper |npur|t|es |n t he phenol S Iess t han about 0. 04

Mei ght percent based on thet

cé ht th%hﬁ I The@% cgss “of
d aim 1 wher ei 2t he T BFOCESR ¢ Bﬁ‘méa P%’E‘t pafno f@II}HI%ﬂ»? S's about
L 103 1o e ;’%he]noﬁélect%df&flﬁrﬁéggﬁ{}fc&{s&h?g&!glﬁ -QHhRAR}Iphehgl et al compl ex

-cat alyst rises a cata conpri'sing copper’. 7. The process of

Claim 6, \meu}gzﬂ—rts eﬂhglpml xnrqhhﬂmﬂﬂyhi}}ﬁsol %mthuérﬁ-tpbﬂw 5ok 2secondary
al kyl ene ghg rf | of n@lalllﬁ -NH-Ra-NH-Re Il wherein R, is a
subst i t ut &aPBE. é‘fl t%J’EI@t‘]ﬁﬂ REORVIPREROl e  wherein two or three

al i phatic carbon atons formthe closest |ink between the two diam ne

ni trogen atoms;q and Te gitdedd ofatlgim A¢eherde thé yotabaniteny bf draign
cL-tertiary al Kyl group havin from?four to EItght carbon atornsbaseSdB The

process ofstappenimpuritiesisithe phenelds dersahgn abryt @0 Weight percent
10 on the total weight of phenol.

4. The process of Claim 3, wherein the total content of chain-
stopper 1mpur1t1es 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

comprlses 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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| i gand conprises N,N -di-ter-t-butyl-:L, 2-et hyI enedi am ne. 19 4 Ma 2005

WO 02/ 12370 PCT/ USO / 1820#®. The process of C aim 8, erei rft Maw2

rati o of GQpPPesi© total -di-tert-butyl -1, 2-ethyl efiedi gpiy

about:1:1.5 to about:1:2. 10. The process of Caim?7, whergl Lﬁgt%hhéﬂz

conpl ex catalyst further conprises a secondary nonoam ne of formula III 5
Rd-NH-Re I'll wherein Rd and Re are independently al kyl having fromi to 12
“carbon atons. M. Tﬁﬁl@)pnmesssofdﬂaiﬂn@ Whileinher8blar rho HEe8pHer i monoani ne

conpri ses | a 10 1 process_of Claimii, erein the
nol ar rat |t§£a8N ﬁuf%te chfﬂ%]rth‘ Ulﬁlﬁﬁl@ulmﬁiﬁ)abwbmmowdxaﬁam 1:4 to about

1:7. 13. The process of Caim7, wherein the metal conplex catalyst

further conpriges aTiRIp ﬂ@éggdmggmn im 13,
wherein tgméi_jertlary nonoam ne gb%sﬁgggﬁgﬁrfé%ﬁgﬁﬁe%%%ﬁ 15. The
process o éImumﬁ%aéewndwmgmamneﬁfmhumanl ses at |east one
sol vent selected fromthe group consisting of benzene, toluene, and

xyl ege. 16. The process of O ai m@w\/ﬂgreiﬂet he organi c sol vent conprises
20 toluene. 17. The process of C ) in the aqueous sequestrant
solution conprises nitrilotriacetic acid or ethyl enedi am netetraacetic

acid. 18. The procedsrein I} ahdRe dre ﬂ?ﬁb@hﬂeﬁﬂf&ﬂ@!‘ﬁ%‘ﬁngsﬁgiﬁeﬁd ANt

sol ution co%nagl%snltrllotrlacetlc acid

11.  The process of Claim 10, wherein the secondary monoamine
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.

20



4 May 2005 WO 02/123704RCT/ USO /18202 ig. The pro s of Caim18, wherein
-mol ar- ratio of nitril ot\glacetic acid in the aqueowsequest ridviey 2802t i on
to catal ystoom12roi s about 1:1:1 to about 3::L. 20. The pPEEASEVEROX] aim
1, further conprising pre-concentrating the 5 poly(arylene ether) prior to
i'solating by precipitation. 21. The process of Claim1l, wherein an -

anti-solvent is used in the precipitatjon of the polyfarylene ether). 22.
The process of 10} ai Mieprogas el Glaim a8 awherein MAIAT rw?@bﬁgﬁc&l%ast one
conpound selected fram i St gt?(ﬁ, I Adianralis 0 having one
to ten caff %&%ﬁ&“%&%%%]%%‘gefsalaéﬁagﬁgﬁgﬁgbr‘l' ) Sltrﬁgg%%%ss of1 Claim 22,

wherein t h®oangii; sol vent conprises nethanol. 24. The process of O aim 23,
wherein the precipitation step uses a toluene to nethanol weight ratio of

sabout 45:55 t bout 65: 35. 25. h f daij

go(r)r;ri si ng fug&%-gﬁéﬁ PYQGe§S Pﬁélanﬁ&l’ rg]l—“é}{woces@gﬁggyg%?ﬁ%@r%ﬂ%?@é porate at
| t > f i : i sti f -SQ3H,
I TR e e o s o O

‘wherein where Rf is, independently, alkyl having fromone tq four carbon
atons, or aryl shavi righe poeess ofClatnaawberein@naminsolvaREIswsed 1BADS)| Kal |
metal , an al kaline earth al, at sition nmetal, N114+1 primary

anmoni um iHﬁCW@PQPr?%F%%pgﬁiWI%%@% uent has fromone to four carbon
atons, secondary ammoni umion wherein each al kyl substituent independently
has from one t gd ourrleapiveesesfotiaim e wharem dherantivsnlvent commussisiiteach '
al kyl substituent independently _has fromone to four..,carho atons, or
quat er nar JeashongicCOmPBH ?@P‘if@é}%@%gwp Qusistime bIpver ﬁ‘g@é dent | y has

f.rompne th%v{r%”fmg?cf f%?f‘ca%BH%torﬁ&, 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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4 May 2005 WD 02/12370 P/ USO /18202 26. The processgof Claim1, wherein

t he pol y(aryl ene et her) an intrinsic viscosity g teda mapn2abodut 1.0
dL/ g neaswoad/izsvochl orof orm at 250 C. 27. The process of @cgiugelasioberein
the poly(arylene ether) has an 5 intrinsic viscosity greater than about
1.2 dL/g neasured in chloroformat 250 C. 28. The process of daimi,
wherein the poly(arylene ether) has an intrinsic viscosity greater than
about 1.4 dL/ g2breasdhegrosessnfdiainonpwhereib@he Goliardéne Eirrphacess of

Caimi, : 1,0 - pal y(ar vl ene et her as an intrinsic.viscosity
gr eat er t]ﬁ{gﬁﬁg glﬁcg%tggﬁ%tﬁrﬁ?é’sgp%li%égggé‘ﬁﬂsw 1 chlggofoem 2 25%he
process of. aim1, wherein the poly(arylene ether) has a copper content
| ess than about 50 ppm 15 31. The process of Claimi, wherein the reaction
of oxygen with a phenol in the presence of a nmetal conplex catalyst is
conducted i n &% eact¢ Preesassef tpiny biwhareimgthsupolytarylesieiethenfhasam - bat ch

reacsors ’in’(fjﬁg:i‘i{zj g{s?.f)%ﬁ?\)\/ Bg%g%f/\ﬁlanloarbr?nrﬁ? rlfze(gféf gt)i:nge%glggetf b él{lglqof’o?l%cgtogs% 'n

series, an e colu
C.

28.  The process of Claim 1, wherein the poly(arylene ether) has an

intrinsic viscosity greater than about 1.4 dL/g measured in chloroform at 250

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°
. _

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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