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typically isolated by precipitation and filtration.

U.S. Patent No. 4,603,194 to Mendiratta et al. generally describes a method of
isolating polymer resins, including poly(arylene ether)s, from organic solvents. The
method comprises volatilizing the organic solvent in the presence of an aqueous slurry
of solid polymer particles of a particular size that provides agglomeration sites for the

polymer resin within the solution.

U.S. Patent No. 4,634,761 to Mendiratta et al. generally describes a continuous
process for isolating polymer resins, including poly(arylene ether)s, from organic
solvents. The process comprises volatilizing the organic solvents in an aqueous
solution to form polymer granules, and controlling the size of the granules by
interrupting the feed of the organic solvent solution.

'U.S. Patent No. 4,906,700 to Banevicius generally describes a proéess for reduction of

- odoriferous poly(arylene ether) by-products, such as 2,3,6-trimethylanisole, by
continuously distilling and recycling the aromatic hydrocarbon solvent used in the
poly(arylene ether) polymerization. The poly(arylene ether) preparation method
described includes a pre-concentration step.
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described includes a pre-concentration step. 1 WO 03/000769 PCT/ US02/ 10422
U S. Patent No. 6,211,327 Bl to Braat et al. generally describes a process
for prodwa osgopwdy(aryl ene ether) resins having intrinsi ®@eoliesmesifees of
about 0.08-0.16 deciliters/gram (dL/g) in chloroformat 25C. The
poly(arylene ether)s were directly isolated by solvent devolatilization.
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poly(arylene ether) powders they produce may include undesirably high proportions
of fines, which are herein defined as solid particles having a particle size less than
about 38 micrometers. It is desirable to reduce fines, in that their presence may be
associated with losses of the poly(arylene ether) during filtration and drying stages.
Other methods may allow the isolation of powders having low content of fines, but
they are not readily and economically adaptable to a large-scale manufacturing
facility. There remains a need for an economical poly(arylene ether) preparation
method that produces poly(arylene ether) powders having a reduced content of fines.

BRIEF SUMMARY

The above-described and other drawbacks and disadvantages of the prior art are
alleviated by a method of preparing a poly(arylene ether), comprising: oxidatively
coupling a monohydric phenol using an oxygen-containing gas in the presence of a
solvent and a complex metal catalyst to produce a poly(arylene ether) resin; removing
a portion of the solvent to produce a concentrated solution having a cloud point, T4
and combining the concentrated solution with an anti-solvent to precipitate the



solvent and a conplex netal catalyst to produce a poly(aryl ene ether)
resin;, renoving a portion of the solvent to produce a concentrated
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Other embodiments, including poly(arylene ether) resins prepared according to the

methods, are described below.
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is bar chart showing particle size distribution of a poly(arylene ether) as a
function of pre-concentration temperature and high-shear precipitator rotation rate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment is a method of preparing a poly(arylene ether), comprising:
oxidatively coupling a monohydric phenol using an oxygen-containing gas in the
presence of a solvent and a complex metal catalyst to produce a poly(arylene ether)
resin; removing a portion of the solvent to produce a concentrated solution having a
cloud point, T, and combining the concentrated solution with an anti-solvent to
precipitate the poly(arylene ether), wherein the concentrated solution has a
temperature of at least about (T,,~10°C) immediately before it is combined with the
anti-solvent.



precipitate the poly(arylene ether), wherein the concentrated solution has
a tenperature of at |east about (TC oUd-10C) imedi ately before it is
conbi ned wad3/obéme9 anti-sol vent. 3 WO 03/ 000769 PCT/ USO2/ ¥@A22502/Toweee i s no
particular limtation on the nonohydric phenol used in the poly(aryl ene
ether) synthesis. Suitable nonohydric phenols include those having the
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In a preferred embodiment, the monohydric phenol comprises 2,6-dimethylphenol
(hereinafter “DMP”) and 2,3,6-trimethylphenol (hereinafter “TMP”). In this
embodiment, the DMP and TMP may be used in any proportion, from weight ratios of
99:1 to 1:99. However, it may be preferred to use a DMP:TMP weight ratio of about
1:1 to about 20:1.

The oxidative coupling of the monohydric phenol uses an oxygen-containing gas,
which is typically oxygen (O,) or air, with oxygen being preferred.

The monohydric phenol is oxidatively coupled in the presence of a solvent and a
complex metal catalyst. Suitable organic solvents include aliphatic alcohols, ketones,
aliphatic and aromatic hydrocarbons, chlorohydrocarbons, nitrohydrocarbons, ethers,
esters, amides, mixed ether-esters, sulfoxides, and the like, and combinations
comprising at least one of the foregoing organic solvents, providing they do not
interfere with or enter into the oxidation reaction. In a preferred embodiment, the
solvent comprises a C4-C,s aromatic hydrocarbon, including, for example, toluene,
xylenes, and the like, and mixtures thereof. A highly preferred solvent is toluene.



xyl enes, and the |like, and m xtures thereof. A highly preferred solvent is
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Suitable alkylenediamine ligands include those having the formula
(R),N-R*-N(R"),

wherein R® is a substituted or unsubstituted divalent residue wherein two or three
aliphatic carbon atoms form the closest link between the two diamine nitrogen atoms;
and each R® is independently hydrogen or C,-C; alkyl. Preferred alkylenediamine
ligands include those in which R* is ethylene (-CH,CH,-) or trimethylene
(-CH,CH,CH,-), and each R® is independently hydrogen, isopropyl, or a C,-Cq
alpha-tertiary alkyl group. Highly preferred alkylenediamine ligands include
N,N’-di-t-butylethylenediamine and N,N,N’ N’-tetramethyl-1,3-diaminopropane.

Suitable primary monoamines include C,-C,, primary alkylamines, such as, for
example, n-propylamine, i-propylamine, n-butylamine, sec-butylamine, t-butylamine,

n-penylamine, n-hexylamine, cyclohexylamine, combinations comprising at least one
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Suitable aminoalcohols include C,-C,, aminoalcohols having one nitrogen atom and
an alcohol oxygen, wherein at least two carbon atoms separate the amino nitrogen and
the alcohol oxygen. Examples of aminoalcohols include N,N-diethylethanolamine, 4-
butanolamine, N-methyl-4-butanolamine, diethanolamine, triethanolamine, N-phenyl-
ethanolamine, and the like, and combinations comprising at least one of the foregoing
aminoalcohols. Highly preferred aminoalcohols include triethanolamine and N-
phenyl-ethanolamine.

Suitable oxines include those having the formula

R? R*
R> R’
X
’ 1 6
R N R
OH



R2 R R N/ R6 OH 6 W 03/000769 PCT/US02/ 10422 wherein R -R6 are each
i ndependent |y hydrogen, hal ogen, hydroxyl, nitro, amno, Cl1-C6 alkyl, or
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The complex metal catalyst may, optionally, further include a halide ion such as
chloride, bromide, or iodide. When employed, halide ions may be supplied to the
reaction mixture in the form of an alkali metal salt or an alkaline earth metal salt at a
concentration of about 0.1 mole to about 150 moles per 100 moles of phenolic
monomer.

In a preferred embodiment, the complex metal catalyst comprises copper ion, a
secondary alkylenediamine ligand, a secondary monocamine, and a tertiary
monoamine. In a highly preferred embodiment, the complex metal catalyst comprises
copper ion, N,N’-di-t-butylethylenediamine, di-n-butylamine, and dimethyl-n-
butylamine.

The process and reaction conditions for the polymerization, such as reaction time,
temperature, oxygen flow rate, and the like may be modified based on the target
molecular weight and monomer composition. The endpoint of the polymerization
may conveniently be determined with an in-line viscosity meter. Other methods such
as making molecular weight measurements, running to a predetermined reaction time,

- controlling to a specified end group concentration, or the oxygen concentration in
solution may also be utilized.
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w th an aqueous s iverse extractants or chel ating agents nay
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t ake pl acexahpiyy slilfurier etitl, asdtier acidl s amBionhen GRSl bigtifitt dalts gadefaiowd to
enpl oy thag | .ating nts th are disclosed in . Pat .
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chel at i ng aigédinmetalj alkalide cattihyhateleoli mikadetlbeli aaaelalkaliei @y matasalds., di -,
tri- and topeb@ROGkapRE! 8f chelating agents include, for example, sodium potassium
tartrate, nitrilotriacetic acid (NTA), citric acid, glycine, ethylenediaminetetraacetic
acid (EDTA), hydroxyethylenediaminetriacetic acid, diethylenetriaminepentaacetic
acid, salts of the foregoing chelating agents, combinations comprising at least one of
the foregoing chelating agents, and the like. Especially preferred chelating agents
include ethylenediaminetetraacetic acid or a mono-, di-, tri- and tetrasodium salt
thereof. The resulting copper complex can be referred to as a copper carboxylate

complex.

The chelated metallic catalyst component may be extracted with the water produced in
the polymerization reaction through the use of a liquid/liquid centrifuge.
Alternatively, additional water may be added to the mixture to improve the mixing
and extraction efficiency. In either case, the chelated metallic catalyst component
dissolved in the water phase may be separated from the poly(arylene ether)/toluene
solution by the use of a liquid/liquid centrifuge. The preferred extraction liquid is an
aqueous solution of lower alkanol, for example, a mixture of water and an alkanol
having from 1 to about 4 carbon atoms. Generally from about 1% to about 80% by
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thereof. The resulting copper conplex can be referred to as a copper
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be abl e t ang&lasatiliaed.appropri ate type and anount of anti-solvent, if any
was utilized. The nmethod conprises renoving a portion of the solvent to

produce araanaabs AfibrisSOlHd A DBYIRE & tﬁg%pﬂveﬁgio%md&f&i Pt dederatbyd and
its determ na_t Ion are | scuss.e I n etall el OW. | IS concent rat I on St ep,
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nma r ef er abl r oduce concentrated sol ution havi
y P may, )fmp example, gle Cc

onducted after removal of the comppe% r%le)tgfj E:atalyst. The
pre-concentration step may preferably produce a concentrated solution having about
20 to about 60 weight percent of the poly(arylene ether). Determining the desired
poly(arylene ether) weight percent will depend on the solvent, as well as the monomer
composition and intrinsic viscosity of the poly(arylene ether). Within this range, it
may be preferred to have a poly(arylene ether) concentration of at least about 25
weight percent, yet more preferably at least about 30 weight percent. Also within the
above range, it may be preferred to have a poly(arylene ether) concentration of up to
about 55 weight percent, more preferably up to about 50 weight percent, yet more
preferably up to about 45 weight percent. In a preferred embodiment, the removing a
portion of the solvent to produce a concentrated solution may be conducted at a
temperature of at least about (T,,4-10°C), more preferably at least about (T,,,,4-5°C),
yet more preferably at least about T, even more preferably at least about

(T,10uaT5°C), still more preferably at least about (T, +10°C).

cloud

cloud

Any suitable method for pre-concentration may be employed. For example, the pre-
concentration may be carried out by preheating the solution above its atmospheric
boiling point at a pressure modestly elevated above one atmosphere (so that no boiling
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cloud 1OT V nahons n poly(arylene ether) monomer composition, intrinsic viscosity,

and concentration, it is possible to derive an equation relating T, to these variables
for any poly(arylene ether)/solvent system.

While it has been found that poly(arylene ether) powders having acceptably low fines
contents may be produced by precipitation when a concentrated solution having a
temperature of at least (T,,4-10°C) is combined with an anti-solvent, it may be
preferable to further reduce fines content by using a concentrate temperature of at
least about (T,,,,-5°C), more preferably at least about (T,,,,), yet more preferably at
least about (T, +5°C), and even more preferably at least about (T,,,+10°C).

cloud

By specifying the temperature of the concentrated solution “immediately before” it is

combined with the anti-solvent, it is meant that the concentrated solution has the

specified temperature as it is combined with the anti-solvent. As a practical matter,

the temperature of the concentrated solution may be determined at any time within

about 30 seconds of mixing with the anti-solvent. Another way of expressing the

temperature limitation is to say that the process comprises removing a portion of the
10



nmononer conposition and intrinsic viscosity and concentration, as well as
the identity of the solvent. A detailed procedure for determ ning a cloud
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In a highly preferred enbodi nent, a tenperature of at |east about

(Tcl ud+5C) intained in.t pol y(aryl ene et her)-cont ai ni ng sol ution
from the %@Pﬁﬁwﬁgwﬁemﬁéﬂ%%&@ww éﬁ‘?’%ﬁis élﬁ‘élﬁgt%ettﬁé‘b%n‘éﬂtcaﬁ RAC Y el y

bef or e t hesutkashidthdhol, and the like; ketones having three to about ten carbon atoms, such
as acetone, and the like; and alkanes having five to about ten carbon atoms, such as
hexane; and the like; and combinations comprising at least one of the foregoing anti-
solvents. A preferred anti-solvent comprises methanol. A highly preferred anti-
solvent comprises about 70 to 100 weight percent methanol, 0 to about 20 weight
percent toluene, and 0 to about 10 weight percent water. The anti-solvent may be
employed at a range of amounts relative to the amount of the organic solvent, with the
optimum amount depending on the identities of the organic solvent and anti-solvent,
as well as the concentration, intrinsic viscosity, and monomer composition of the
poly(arylene ether) product. For example, when the poly(arylene ether) is a random
copolymer having an intrinsic viscosity of 0.36 dL/g and a composition of 82 weight
percent 2,6-dimethyl-1,4-phenylene ether units and 18 weight percent 2,3,6-dimethyl-
1,4-phenylene ether units, the organic solvent is toluene, and the anti-solvent is
methanol, a toluene:methanol weight ratio of about 1:1.5 to about 1:5 may be suitable.
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concentrated solution is conbined with anti-solvent. In one enbodi nent,
Tcloud is at | east about 60C, preferably at | east about 70C, nore

pr ef er abl woags/bemst about 80C, yet nore preferably at | eagicTalidutoQoC. It
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of pol y(2, 6-di e concentrated form

| ene et he
a gel ati Nt} rrg c\f\?‘?lﬂ%g’ f‘[}ée H?@E?téatt@{ sQJptien, ey be dsctersd ?c%ei‘?‘ﬁté’ﬁll c of a
cl oud poianti- soBzanIt adrhperanird ss ohat eoindiding khhdeodc@mitecﬂls&aﬂoﬂx svithathiengntione t o

bout t h th I d ket

fhroe to oneht puBhRE s pRUER B Wiherofi of, BBou PG, S pPRETSATY
al kanes haWith@l fhis/rnge, i boytbet eferhletorsatanixturs werhparsturchedai esst abtdltt he
ik d I

ki and meubist AR RATPL Rha%Al hSRSt a6 BuiDaul ShEAOIIRATHE.

sol vents. referr ant vent conprises Tmethano

anti- sol \Ié £ra0kier ‘}S§@§nla<B§9ﬁ€Wer@Tel@00\ﬁbmth5 ‘{Sercent met hanol 0 to about
20 wei ght percent toluene, and 0 to about 10 wei ght percent vvat er. The
anti - sol verlerdThynd arti@ii[&rqm%t@h dh thaRgBarafus ey s %le@ﬂn@ftﬂeVﬁeélgltﬁthﬁl anmount

of the organi c soltvent Wit g cg t| mum am)unt de e%g]l(\r)}gEi
i dentiti es OfPEHEBIYLMAY b§o‘f°\? Pied der sramplegnaestirred SFI %fsa
concent r atshent, impedler. nSuttable ddgis shiepr impellerd aRNEImG ORI zwaﬁﬁbleffrdxﬂnefor

pol y(aryl h 0 np the p ther) IS
Fandom *casar Vi SREr oBl & RO VRInehl Rk b 18 i TN 4%

conposi t i @ﬁet‘éﬂlta@@nvmﬂgmstlrrgbmbmndm tediigletieat homdgptizmyhanes @hormefSOGllnl ts
and 18 weisghtioPR),6®Nec2, 3, 6-di met hyl - 1, 4-phenyl ene ether units, the
organi ¢ solvent is toI uene and the anti -solvent is nethanol, a

t ol uene: hanol ratj o ? V\%F?OUt 1:1.5 tg about 1:5 may he, suitable.
11 WO 03/ 00§78t 2/%‘@2?1 Y- \WHITHhST ¢ sepRrises 1pRiatingy tqfcélPearPrF‘Plﬁit%tS‘ill on on
t he t enpematyfurylak Eﬂﬁr)al’mkings ahy edvhv&@lonhl @tratkef O esdlid/liguid aEparagen Wi t h

t he conce r ef ed to select a anti-sol vent
t enper at u?%a%g%l%tghagulgatb%?%tﬁ’émt Eﬁ%ar@ﬁlﬁ emcf‘ﬁil%er&taé’t’}g }66?1 ‘W’Fﬂuquﬁerl OLany | '

sol vent preciree diltersyi contineousampvige ded ditires, atatrhefibérs alnalithe2lii@. t Suiddeit 50C.
W thin thi I t f at
'east ”aboii?h“fﬁ@% scpirallB RS B RGohinldRS Bl RS RIRET S 1D O @

range, it % preferable to use a m xture terrperature up to about 45C
he met od ‘may, optionally, further comprise washing of the filtered poly(arylene

Q

ether). Washing may be performed, for example, with additional anti-solvent directly
on the filter or by mixing the “powder wetcake” from the filter or solid/liquid
separation apparatus with additional anti-solvent in a stirred tank. A preferred method
of washing the filtered poly(arylene ether) uses a two-stage reslurry and solid/liquid
separation process scheme. In this embodiment, the wetcake from the filter may be
washed with anti-solvent in a stirred tank; the poly(arylene ether)/solvent/anti-solvent
mixture may then be separated in a solid/liquid continuous centrifuge and the
poly(arylene ether) wetcake from the centrifuge may be mixed a second time with
anti-solvent in a continuous stirred tank, followed by a second solid/liquid separation
in a second solid/liquid centrifuge.

It may be preferred that the precipitated poly(arylene ether) comprises up to about 20
- weight percent, more preferably up to about 15 weight percent, of particles smaller
than 38 micrometers.
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There is no particular Iimtation on the apparatus used to performthe
precipitation. The precipitation nmay be conducted, for exanple, in a
stirred teagkozwessel or a high- shear inpeller. Suitable hipgl/gdeeass22
inpellers are commercially available from for exanple, WIhelm Siefer
GH & Co., Vel bert, Germany. The shear rates during precipitation in the

stirred ta "to
50, 000 secﬁrh‘?@qﬁI rfo:]%tr{g&g&' g& éﬂ%ﬁ%r@%@% fer ¥lc%%r@?)g§km§@ﬁgte?%? of t he
preci pi t at &gmedop X/(taﬁyuneth@det FeF )Somsi ARy msvonsont/enw dgaprefqrredy ty jush 2or
solid/li qup@iy@z@ﬂ%ﬁéﬂet}@i‘) hh @R ryn%@msﬁuws@tﬁl& dfi Attlea%ttla@ama@pardwglsmre ncl ude

rotating fil ous vacuum fi | ters nmovi ng bed
filters, bEE %al?slqutg?@t Qi,gdﬁ}’gkget B05s prsfegably 3t i "d‘ﬁ’i fﬂ?ﬁﬁ‘f g%@ P4Ba? on
appar at usemeamédjﬁﬂ;m@ﬂfdrﬁuamc’spl id/liquid centrifuges. The nethod may,
optionally, further corrpri se washi ng of the filtered poly(arylene ether).

Washi th addi
direct by bn SRS RiERR, g, mERTT e prebulig i @p bl Bag by oRnfiler: | (e
or solid/| pxjdetavely epepling 26- @mp@ay@hcml and 12, 36k mie iy ihenelt usingoinvexygenn a

ot her ?duéii‘*ﬁéalﬁ*vi%r%fsgééﬁ? B
schene. |nP? M(%Ylém)éﬂlﬁﬁe‘rfﬁpo SoRs rﬁﬂtl,crén@mgo&moxﬁ@nfqﬂtb@.sow tBProqlicgfed wit h

anti - sol vegdnckitrded sbhutiefl Haitg atchﬁldpﬁ&ﬁﬁ( ) ud,eé}i%l combining the concentrated
ether)/sol v nt/antl -solvent . mxture then be separated. . in

sol i d/ i quid"eHhtirh Gits 2RtsRelVFRty ep%‘?ﬁ’d’l e thep BPLY(EYIFRE rRiBE: hgpﬁre%m:eake
fromthe cemtcentiatgé smylohdlamaxtemparaﬁﬁﬁondnimm&amlyt befoenit iis sehbieed with a

cont i nuous. second solid/liquid separation in a
second sol thlalhl{lqsﬁlgvtfhge%ﬁfi ﬁ%§%5%¥1&¥nﬁ%%lge%$ glferred that the precipitated
poly(aryl ene ether) conprises up to about 20 - weight percent, nore
preferably u of \particles snaller than 38

m cronet er .> 0769 PC 024 220JThere is no particular
limtation on int i the/poly(aryl ene ether) forned by
the nmethod. For some applications, it may be preferred to use a

poly(aryle t her. V, i t hed- 20

L1 o ror o e ey k18 blohBE cbREGIAR (SRGRAL W Ruiefh preBR A ind.

| east aboumtxﬁmwvntbésgty afSthe easlymed i chloﬂ'dfmmfab%ﬁ(h(exaﬁaﬁsed in mL/g), and
TMP is the 2,3,6-trimethylphenol content of the copolymer (expressed in weight %).

In another embodiment, the method of preparing a poly(arylene ether), comprises:
oxidatively coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol using an oxygen-
containing gas in the presence of toluene and a complex copper catalyst to produce a
poly(arylene ether) copolymer resin; wherein the weight ratio of 2,6-dimethylphenol
to 2,3,6-trimethylphenol is about 3:1 to about 6:1; recovering the complex metal
catalyst with an aqueous solution; removing a portion of the solvent to produce a
concentrated solution comprising about 30 to about 45 weight percent of the
poly(arylene ether) copolymer resin and having a cloud point, T and combining
the concentrated solution with an anti-solvent to precipitate the poly(arylene ether);
wherein the concentrated solution has a temperature of at least about (T, +5°C)
immediately before it is combined with the anti-solvent; wherein the precipitated
poly(arylene ether) has an intrinsic viscosity of about 0.25 to about 0.50 dL/g; and
wherein the precipitated poly(arylene ether) comprises up to about 15 weight percent
of particles smaller than 38 micrometers.
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I n one enbodi nent, the method of preparing a poly(arylene ether),
conprises: oxidatively coupling 2,6-dinethyi phenol and

2,3, 6-triwetdywbelsenol using an oxygen- containing gas in tprggNoesensce of
tol uene and a conpl ex copper catalyst to produce a poly(arylene ether)
copolymer resin; renoving a portion of the solvent to produce a

concent r at[aCarehdst drbbIAhi) Ihé leBine! & Oly@ryle QTR .he
concentrat ed soi ution Wth %nﬁ}?dd%g \‘?g{ﬁ?ng[ %@}Ye@‘gﬁﬁag‘i@ WS p%%f/% aryl ene
g@lo f

ether); wiB8AHYebheountiag etrdimg nd R, Hfutimetheipprici uging an-pxygen-
i nredi at el gonbihiapab fin tife HresedCce fltolienb and RecodiPidx SSIpvebitalyand prétRicean T

tisfi i i T> 0, - (0.296. V + 1.27, = 35.7) 1
1071 0. 10Tab/TEY Bhensontyir et iyt e weight o Loy RRRRKERER: r at i on
(expr essedoi h3eefrightthydphembtil ,abbit 3:3 tohsbout ré: ;i Rebeerinigsthesiompled e

| i | f . i / I
s 1 e phb o b Rt S RERSTRE 4 Relopdt v lught bdkifasy 1,
anot her erfobHioRe heving habawst Hbdo ofbopt dpamieigt apepainy (Elylasenceether)) and

conpri Se$3conﬂ9hiliﬁgt e Yorfe@itRlidd SsorutfondWiRE "l PREOQIveaRdto  precipitate the
2,3,6-tri rre&)&gl@g enol rSSI ng an oxygen- containi ng gas in the presence of
@5

t ol uene arf® RS ehernopiberein: theatopsentratedysiutiere has 2 sempraiig ehdt lsasier )
g ogol6y {re r dbe?;ti FOL@hﬁﬁﬁédiatélgebf}[fB@fegffti? rc@fr%)%ef[af gﬂ%%@idﬁﬁt%Weﬁﬂe\?lﬁéreint mel
, 3, 6-trinethy. nol. .i s, abo ; a about .6:1; recover, e c ex
net al catpé%cﬁglttﬁ\ehﬁ? Pﬂiyé?{ylﬁﬁ‘ﬁ«?&t?@zl?ﬁIaﬁtlpgw:“cr@?ﬁ?\ﬂt}ﬁﬁﬁﬁgcﬂﬁr(%ﬁgw Bt ﬁgB sol vent
to producelldg; enhoertreiat thd wotipitated pobyiiatylepk nghab aoinpdiGes op dbabburtd5wei ght
per cent of,.t: . r ner, resin and having a cl oud
WOé.lgl?( paeg ng éﬁ%ﬁﬁl@fgg sﬁ% & tﬂan%‘%ﬂ%ic}f%r{l%tgr

point, T,, Inrn e concen Ssolution with an
anti-solvent to precipitate the poly(arylene ether); wherein the

concent r at/ePtae) grabosimenisis # polyfgsienestherbprepared] dasny 15 dhe atoveidgsssibed
i mredi at elntethedsDfeSpdcialiySa GORPirPREe Whtd) aoﬁﬁ)rr]ﬁﬁ{gi up &) Mk 20 WRESIRIpRrdehE
|
icl

o about  GTSSDY U8 FLhpit i aieust e o G Rt B O R e e her)
conprises up to about 15 weight percent of particles snmaller than 38
m cr onet erkhe idGEMONASAGORY BMiskaed bBaR fblldRzhg dom-lmndingexamplesdi ment, the
met hod of preparing a poly(arylene ether), conprises: oxidatively couplihg
2, 6- di met st pbiigt 1and 2, 3, 6-trinmet hyl phenol using an oxygen- containi ng
gas in the presence of toluene and a conpl ex copper catalyst to produce a

This example illustrates the synthesis and isolation of a poly(arylene ether) copolymer

having 18 weight percent of repeating units derived from 2,3,6-trimethylphenol and

82 weight percent of units derived from 2,6-dimethylphenol. In a reactor were

combined cuprous oxide (Cu,0; 0.027 kg, obtained from American Chemet as purple

copper) dissolved in hydrobromic acid (0.423 kg as 48% aqueous solution, CAS Reg.

No. 10035-10-6, obtained from Great Lakes), N,N’-di-t-butylethylenediamine (0.119

kg, DBEDA, CAS Reg. No. 4062-60-6 obtained from Celanese), di-n-butylamine

(1.616 kg, DBA, CAS Reg. No. 111-92-2, obtained from Celanese), N,N-

dimethylbutylamine (2.675 kg, DMBA, CAS Reg. No. 927-62-8, obtained from

Celanese), a tetraalkylammonium chloride surfactant (0.059 kg, CAS Reg. No. 5137-

55-3, obtained from Cognis as Aliquat), 2,6-dimethylphenol (5.361 kg) and toluene

solvent (140.06 kg). Over the course of the polymerization reaction, additional 2,6-

- dimethylphenol (30.377 kg) was added, along with 2,3,6-trimethylphenol (7.845 kg).

During the polymerization, the nitrogen flow rate was 61.3 liters/minute, the oxygen

flow rate was 46.2 liters/minute, and the temperature increased gradually from 29.4°C

to 55.0°C. After the completion of the polymerization reaction, the copper catalyst
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poly(aryl ene ether) copolynmer resin; wherein the weight ratio of
2, 6-di met hyl phenol to 2,3,6-trinethyl phenol is about 3:1 to about 6:1;

recoveri ngd®gocerpl ex nmetal catalyst with an aqueous solpgrgew/16L90Vi ng a
portion of the solvent to produce a solution having about 30 to about 45

wei ght percent poly(arylene ether); and conbining the concentrated

sol ution wdshseal A0 'fro?r?ltH@'btolyanerp#fﬁhﬁh%aﬁug r%&t?or Qmu ngtaWt]ll ezihea&&ejagg)

wher ei n the concentr at ed ast
i medi at elSplubeREanifrilomigcetionenic 648N ke as héOé{nswlusm msw@ter vihe P dlag. Nee

preci pi t atisd-1309 ybaamk:@rﬁorﬁtmﬁﬂa)haﬁh@% HhhdeNsd1Gtiod %Q%bbdfat@& wheuy 0.25
t o about q40 ﬂ%\m ein the ecipitated poly(ary Ienga et her)
conpri ses 't ]dq‘éfgo‘i?fltr ge V\grhﬁmolyrg%qrégxﬁge Bes ﬁ%ﬁquEPtég t% | Weg ttl??é‘l’?nfSS
mhcr olr)ret ermlyrderob élraslaﬂ@ﬁdidueﬁmt htmo@,pmcylﬁr%s)ﬂeeth@tﬂﬂ&Mct pﬁﬁﬂﬁhexdway any of
t he above ods ar ne et her rising
up to abo&?&%%wge%f%gpnglﬁ S en&atg‘f @'Pﬁlsﬁl‘ﬁlﬁ é?'&%’ﬂﬁ‘t“%l\ﬁeﬁ 1"t cent ,
of parti cl388Ckimhlstrred hank 8Ssseli witlo methensl (at TB%C) aitvla@twmght!melghlrraﬂnEbf
illustrat L owh g exanpl e
illustrat gglﬁeer S??x”rt]{" ésllé)[s andq?lgcg%slumg nggg?sg§ % % u%f)ol ymer
havi ng 18 fikist gnd thsevetesite wes reePaied Mgthum?thanlle rTlh!BefdurtY vias CemrlfugEd an
2,3,6-tri W@Ebﬁt@%hd%ﬁml&zw%'dﬁmmoﬁfo ergrg:p Oleug&s derived from

p

80C

2, 6-di met hyl phenol. In"a reactor were rous oxide (Cu20Q 0.027
kg, obt a| rg(sggrgél can Chenet as purple copper) dissolved in
hydr obr om 3 kg as 48% aqueous solution, CAS Reg. No.

10035- 10-6, obtained from Great Lakes), N,N -di-t- butyI et hyl enedi am ne
(0.119 kdheBEtmplenBlRegte thio. det’éﬁﬁﬂmﬁﬁh 6f cludi podts fipoml@ak anksiens of

Gel anese PR ol b e i B R RI VS 8T,

obt ai ned fRsHP |m@§@er @pchmtraézankwm&mm ntninshd wiscoRitys anql a@p@lmne( 0. 059
kg, CAS Regmpdition184pot ﬁ‘re?s heﬁ%éfnﬁﬁgwf\ﬁ%ﬁgggg %% g%ﬁg'tgqﬁ%)mu O/er ‘he

2, 6-di net no and. tolu
course of qghg Wi@ér‘i"?&h B CPREaed: i, Eﬁ‘éﬁ’&ﬁtﬁ%a@ 3.9; theHW?R;FH?}I GHERbI
( ﬁo 37|7 k gieransenthekited, ao&bﬂlﬁl@ Yo th ﬁoc%d@retdﬂ PRitpié Rhers a gﬁleﬁQEpdigﬂqer Buri ng
t epoy n,..the.nitro iters/
FEOMPRLY Senble0h: B AR RS fieR sopuipir 60 ALTEY ehoed

gr adual | y 10 rtora(RovetpBt percesb i) @lugkict ar90°Ee Thenpdnepdranreodf theesopslopnwas zat i on
reaction, qkdasc@PRY rab@bRa¥Slt 1°84per minute and the temperature at which the first

turbidity was observed was recorded as the cloud point, T

Table 1.

woud- Results are presented in
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WD 03/ 000769 PCT/ USO02/ 10422 was separated fromthe polynmer by mxing the

reactor effluent wth an aqueous
kg as a 6% @abedeb on i n wat er,
The two phase sol ution was separated using a
The pol yner phase was concentrated to 38 wei ght percent

Sol uti a).
centrifug

e.

CAS Reg.

No.

pol ymer byrdpi@ghi ng tol uene at atnospheric pressure.

139- 13-

9,

solution of nitrilotriacetic acid (0.871

obtpiTngsd 2 fi62m
liquid-liquid

The product copol yner

was precipitated fromthe concentrated pol yner solution by conbining the
solution (at 88C) in a stirred tank vessel with nethanol (at 15C) at 1:2
wei ght / weli ght 1 &EPRPIEPET pol yer  sol ut i oheGROIAASOl . [The resul ting slurry was
passed thrExigh aTiMR argonveglium filter peshcbhgativpt Cpéigervad Mg sl urried with
met hanol . is skuo was ce i f d anﬁ he sepaf d solid jparticles
were dri ecﬁ‘?n a %{}&Yy paddl 2%@?@& EXAl (J@S 2- 26 T&@Se exanpl|es
illustratie the gdeterm nation of cloud ppints for to]uene solutijons of
pol y(2, 6-|d net hyES1, 4- phenyl 868 et her-cpI®, 3, 6-tri neLhyl - 1, 4- phenyl ene
ether) as a fupction of copol yrrer concentration, cppolyner intrinsic
Vi scosi t yryant—eepoyrer §sH-en—Cppol-yrers—h 3'3; Re—HAEHASI C
vi scositijes of 3% 3 n/g to Zg 6 m./g, pnd 15, 18, and 21 wei ght percent
of units |[derived from2,3,64trinethylphenol (TMP) Were synthesi zed
according 4o thel%rocedure oboBxanpl e 1] 2For a gi vep3%dpol yner | sol ubility
determ nation, an isolated poly(arylene| ether) copo]yner was dijssol ved at
10 to 30 werghtypsrcent Tn{ghgene at—90g —The—tenperagureof —the sol ution
was decrieased at a rate of [about 1 C per mnute and the tenperjature at
which thefirstl turbidity was obqervedjm@s recorded as the clqud point,
Tclud. Results hI® presented>?d Table 129 15 WD-03/00Y69 PCT/ US02/ 10422
Tabl e 1 dopol ynmer copol yner| Ex. TMP content concentration obsgrved Tcl oud
No. (W[ 71.V. [08/9) (MW |8&p 2 15 35 10 215 B335 35.3 15 33.0 4 15
35.3 20 38.5
8 18 353 I5 36.0
9 18 353 20 41.5
10 18 353 25 46.0
1 i8 353 30 54.0
12 I8 4T.0 10 320
I3 I8 41.0 I5 380
14 18 41.0 20 43.5
135 18 41.0 25 50.0
16 18 41.0 30 62.5
17 21 358 10 35.0
|18 21 358 I5 395
21 358 20 46.0
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5 15 35.3

25- -

47.0 6 15 35.3 30 55.0 7 18 35.3 10 30.5 8 18 35.3 15

36.0 9 18 35.3 20 41.5 10 18 35.3 25 46.0 11 18 35.3 30 54.0 12 18 41.0
10 32.0 W obdodko 0 15 38.0 14 18 41.0 20 43.5 15 18 41.4¢T1A%802@0432 16 18

41.0 30 62.5 17 21 3-'). 8 10 35.0 18 21 35.8 15 39.5 19 21 35-.8 20
46.0 16 WD 03/000769 PCT/US02/10422 21 21 757 9 30 22 21 41.6 _10-- _
_Y55- 23 Pin AT 6o 5 At 52433 g6 262552+ 416 9pxP26—ZF 41. 6 79-
99.0 Using |inear regressioq techniquesg he data were used to generate the
equation ((1): 0/ = (0.300.1%)1V + (1.270.31)TMP - (B5.76.1) +
(1.970 41)7cl oudi€l - (0.008083%013) 1 V- (8902490. 0026¥29MP) (1) lwhere 0, is
the copol ynmer solubility (expressed in weight percept), IVis the
copol ymer [ INTTiNITC VI SCOST {WIigT chiorofpgmat—25€{egxgressed ip nL/g), TWP
is weight percent of units|derived from TMP in the|copolynmer (gexpressed in
wei ght p%{_j;ggyL ~and _Tcloud is the cloud point (expressed in Q).
Uncertai ntTes eAB}essed for Lch coeff| & ent and t1é1Pntercept r epr esent
95% confijdence {ntervals. Equation (I) {can be solved for Tcloud to
generate [euati pRI(TT)" 416 |20, T 1490

25 21 41.6 25 95.0

26 21 41.6 30 99.0

Using linear regression techniques, the data were used to generate the equation (I):

¢, = (030x0.15)IV + (1.27030)TMP — (35.7£6.1) + (1.97£0.41)Tc1oud(l —
(0.0080:0.0013)7¥ — (0.0249+0.0026)*TMP) (1)

where ¢, is the copolymer solubility (expressed in weight percent), IV is the
copolymer intrinsic viscosity in chloroform at 25°C (expressed in mL/g), TMP is
weight percent of units derived from TMP in the copolymer (expressed in weight
percent), and T¢jpy4 is the cloud point (expressed in °C). Uncertainties expressed for
each coefficient and the intercept represent 95% confidence intervals. Equation (I)
can be solved for T¢jpy4 to generate equation (I1):

Teloud = [ $,-0.2961V+1.27TMP-35.7}/[1.97(1-0.007951V-0.0249TMP)]  (II)

These examples demonstrate the use of controlled variations in copolymer TMP
content, intrinsic viscosity, and solution concentration to generate an equation to
predict cloud point as a function of these variables. Although this example uses

toluene as the solvent, the method may be applied to solutions in other solvents.
EXAMPLES 27-34

These examples demonstrate the effect of pre-concentration temperature on the
generation of fines (i.e., particles smaller than 38 micrometers) in a precipitated
poly(arylene ether) copolymer. The method of Example 1 was used to prepare a
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Tcloud = [c,-0.2961 V+1. 27TMP-35. 7] /[ 1. 97(1- 0. 007951V- 0. 0249TMP)] (I1) These
exanpl es denonstrate the use of controlled variations in copolynmer TW
content, Wwatesioeicg vi scosity, and solution concentration tRCTHESIena2e an
equation to predict cloud point as a function of these variables. Al though
this exanple uses toluene as the solvent, the nmethod nay be applied to
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et her)/ t ol f&ise fopButanemies ésglﬁtaile%m @hke 2.7 esetertpgradurg ﬁbﬁé@ AYEOF on

condi ti onsam;/ﬁﬂueﬁ@ rsbﬁdlomnat&w%adaaé&ﬁ) iﬁ§ nidelRbl Sieti- scnvérrama@ eher 4%eC or
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b0l y(aryt S EBIdl 5 R R TR Rk i RSt Bhife i o ure
havi ng a tcwppetuae of 404 THS. 40?G|tgnﬁ®ﬂuteammmmd/®smmhﬂpmm§dﬁmrl ng
the preci Wﬁeﬂﬁgbc%@hatie?_ Qg%cfwﬁgf %%glt&gd %?804 S’Hﬁfecﬂ@sanﬁ'échﬁl'i eﬂla‘é}( Ribkdn”

Schl i eche ter paper an a, Buchner filter,
appl yi ng VEltsiurpearrer Bihpendilish, anphdng sremumngfter iﬁlltf%’r"é‘alﬂée ferRainiaghed

with 1, 200f1g5ede whs RRlshanith $Qloeegwm@tdﬂfmw@mwas BaBseqliédtiyetiealvasheas dried
in a vacuufnfterca n at 125C for about

¢ was dried 1n a vacuum oven atq%j JC? for about 4 hours.
For each example, the pérticle'éi'z'é distribution of the precipitated copolyrﬁer was
determined using a PSD Analyzer obtained from Malvern Instruments Ltd., which
employs a laser diffraction technique to sort particles into six size categories: less
than 38 micrometers, 38-63 micrometers, 63-125 micrometers, 125-425 micrometers,
425-710 micrometers, and greater than 710 micrometers. The results, presented in
Table 2 and Figure 1, show that use of a preconcentration temperature of 85°C led to

the generation of fewer fines than a preconcentration temperature of 65°C.

Table 2
particle size distribution (wt%)

-1 Ex. No. | pre- precip. <38 [38-63 | 63- 125- 425- >710
conc. shear pm pm 125 425 710 um
temp. rate pm jm pm
O (rpm)
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33 65 7,500 23.7 116 6.1 9.8

34 65 15,000 21.2 139 28.4 1.7 0.6

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from essential
scope thereof. Therefore, it is intended that the invention not be limited to the
particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope

of the appended claims.
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of the appended clains. 19 WO 03/000769 PCT/ US02/ 10422 CLAIMS: 1. A net hod
of preparing a poly(arylene ether), conprising: oxidatively coupling a
nonohydr i wap3@@leo USi Ng an oxygen-contai ning gas in the pEsEIesond a
solvent and a conplex nmetal catalyst to produce a poly(aryl ene ether)

resin; renoving a portion of the solvent to produce a concentrated sol ution
havi ng a otpaovispoi nt, Tc, 0" d; and conbining the concentrated sol ution
with an anti-solvent to precipitate the poly(arylene ether), wherein the

concentr at SQ n has a t ratur of at |east about (Tel oud-100
i mredi atelcgd'@?th?‘i Flt’repgrl%?rﬂ&ngﬁylﬁﬁﬁ $heomprisingol vent . 2. The net hod of
Claiml1, wherein the nonohydric phenol conprises a nonohydric phenol

havi ng t heotidativalyacoupRin@la ntrGhlydri@ pﬁﬁndl\hsfngi ih @aszg\enQorﬂte&mhgc@péncthmt |y

selected f of h 7 Pr ondary
iyl phdiopntelt EsBHBRE e Rl hed PRl o rodibe HP PR s B8 ony
and C2- C? rIﬁi%tnt)hydrocar bonoxy V\/nerel n at |l east two carbon atons separate
the hal ogen and oxygen atons; and each @ is independently selected from

the gr oup Ieﬁlesingtat ﬁ&tleﬁ oY Q16&ht tB%&&&%§ CG&ceQbra 5 Mt%nq{avﬁt%cé)agfﬂ y

al kyl e C7 hal oal kyl , rocar bonoxy, and

hal ohydro&f%ﬁoﬁ@%y%erel n at Ieast two carbon atons separ ate the hal ogen
and oxygen atons. 3. The nmethod of Claim 1, wherein the nonohydric phenol
conpri ses dnfhbinidg méiehopbmatedandliod, Gvithr iafe thAnlsplenol to %re'Eltﬁtat‘esttH@d of

2. 3. 6 1 1o Bek ndER A G 0P R i s B 9378 20 vo

03/ 000769 abory (ISQ210%) dAmmediately before it is combined with the anti-solvent.

2.The method of Claim 1, wherein the monohydric phenol comprises a monohydric
phenol having the formula:

Q* Q'

Q? Q'

wherein each Q' is independently selected from the group consisting of halogen, C,-C,
primary or secondary alkyl, phenyl, C,-C, haloalkyl, C,-C, aminoalkyl, C,-C,
hydrocarbonoxy, and C,-C, halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; and each Q? is independently selected from
the group consisting of hydrogen, halogen, C,-C, primary or secondary alkyl, phenyl,
C;-C,; haloalkyl, C,-C, hydrocarbonoxy, and C,-C, halohydrocarbonoxy wherein at
least two carbon atoms separate the halogen and oxygen atoms.

3.The method of Claim 1, wherein the monohydric phenol comprises 2,6-
dimethylphenol and 2,3,6-trimethylphenol.

4. The method of Claim 1, wherein the monohydric phenol comprises
2,6-dimethylphenol and 2,3,6-trimethylphenol in a weight ratio of about 1:1 to about
20:1.
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5. The nethod of Claim1, wherein the solvent conprises a C6-Cl8 aromatic
hydr ocarbon. 6-The nmethod of Caimb5, wherein the solvent further conprises

a C3-C8 alwignpzabdee al cohol. 7. The nethod of O aim 6, whergar/itdee160bvent
further conprises nethanol, ethanol, or a mxture conprising at |east one
of the, foregoing solvents. 8.The nethod of Claim1l, wherein the conplex

B of the pert iy o SAgTTheweR hE AP e T TRC Rl o,

I B of the periodic ta e met , erei e conpl ex
netal cat &yggﬂca’f?ﬁﬁpri ses chrom um rmanganese, cobalt, copper, or a
conbi nati on conprising at | east one of the foregoing netals. 10.The nethod

of O ai m b Thhatetiod shelannp| wlcdnt e ofled! %ifthet QARIPHSES a dT)-C, aliphatic
al kyl enedla? ne | i gand having the forrmula (Rb)2N-Ra-N(Rb)2 wherein Ra is a

substitute P-unsubstituted dival ent residue wherein two or three
al i phatic carbon atons formthe closest |ink between the two di am ne
ni trogen &t Barsmethaddf i Bovhiesein tioegdvetie firther byrdpags mahanGl,-eGnal, ky| .

11. The nmethagdnat I rei i.s;.ethylene or trinethylene, and
each Ro is %n‘gegengltelﬁb%%ﬁé\ég?’gggﬁ?h%ﬁggégfgﬁﬁﬂveg "a C4-C8 al pha-tertiary
al kyl groyp,, 12. The net hod of C aim 10, wherein the al kyl enedi am ne |igand
is NN N Snhe methed e (g 1, wherginathe soppleyanetal aalysicomnriseyia stetattien m 10,
wher ei n tlfﬁmat}koﬂ;ﬁwm,l@q%peflm,qgfmohﬁmloi\{h-egkﬁsdic'?éﬁlél.l et hyl enedi ani ne.
14. The nethod of Claim1, wherein the conpléex netal catalyst conprises
aC4-C12 ondar amne, . 15. The net hod of Cl ajm 14, wherein .the
secondary§§§ﬁolgﬁ%h§g%?gﬂﬁﬁ ieg"ha’ielnn- eromplerngial 3y URpIEEs FRymIum,
PCT/ US02/ n@h@anesd,6ecobhk, euppbio dr afcofdbaianivd combesiap at tehst aengf]thx foregoitg
cat al yst gises aC4-Cl2 anminoal cohol, wherein at |least two carbon atons
separate the ami no nitrogen and the al cohol oxygen.

10.The method of Claim 1, wherein the complex metal catalyst comprises an

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

wherein R® is a substituted or unsubstituted divalent residue wherein two or three
aliphatic carbon atoms form the closest link between the two diamine nitrogen atoms;
and each R® is independently hydrogen or C,-C, alkyl.

11.The method of Claim 10, wherein each R? is ethylene or trimethylene, and each R®
is independently hydrogen, isopropyl, or a C,-C, alpha-tertiary alkyl group.

12.The method of Claim 10, wherein the alkylenediamine ligand is N,N,N’N’-
tetramethyl-1,3-diaminopropane.

13.The method of Claim 10, wherein the alkylenediamine ligand is N,N’-di-t-
butylethylenediamine.

14.The method of Claim 1, wherein the complex metal catalyst comprises a C,-C,,
secondary monoamine. '

15.The method of Claim 14, wherein the secondary monoamine comprises di-n-

butylamine.
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17. The nethod of C aim 16, wherein the am noal cohol is triethanol am ne or
N- phenyl - et hanol am ne. 18. The nethod of Caim1, wherein the conplex netal
catal yst @@ ®roeee an oxine having the formula R3 R4 R2 fkgudsrioh #R OH
wherein R -R6 are each independently selected fromthe group consisting of
hydr ogen, hal ogen, hydroxyl, nitro, amno, Cl1-C6 al kyl, and Cl-C6 al koxyl .

19. The mtl@ﬂh@ﬁe@ﬂo@'dﬁ@}almer\z%éﬂelhhﬁe@ ﬂe@?né'[ﬁl &dtal &tﬁirﬁ/pﬁiswgmr@ ses a
tertiary nono avi ng he struc

ﬁ’ E{; % E&I rel n?ng\e} and Rf
and RO ar ¢3¢ Co}i ﬁ’ﬂ‘ear‘i ¢ast veoqar IGatSWfFPQj? dpe rfonm rﬂe“p €0 t hat
Re and Rf aeuhoRSxygehl ectively have a total of four to eighteen carbon

at ons. 20. The met hod of Claim 19, wherein the tertiary nonoan ne conpri ses

di met hyl - n T : GO, ex met al
catal yst corrprl éleeg{gd 55%%151 H%f %?é}gé[% aﬁ]%ojﬁogg'e‘fhgﬂhgn%@%ﬁﬁl%owgeai m 21,
wher ei n t hepyl-atkanplaatikgl ani ne is n-butylanine. 23. The nethod of Caim 1,
wherein the concentrated sol ution conprises about 20 to about 60 wei ght
percent ofighw ﬁe{msaaffyéﬁﬁﬁ 1841Rkdin ﬂ;’écmem&@%a@i y$el BhdPrikes Mh6KigE N t he
concentrated. so on has a ferrperature east” about (T, | oud-5C)
i medi at el AVt ‘? 'l s combined with the anti-solvent. 22 WD 03/ 000769
PCT/ US02/ 10422 25. The nethod of Claim 1, wherein the concentrated sol ution
has a tenperaturegsof atzs | east about TCloUd i nmediately before it is
combi ned with the anti-jsol vent. 26. The nethod of Claim 1, wherein the

tion has a tgnperature of at [east about (TC, d+5C)
offbi ned with the anti-solvent. 27.The nethod of

Claim1, whereél Sol vent conprises an anti-solvent selected from
t he group con ) anol s having one to about ten carbon atons,
ket ones hayirhg te Tweraboutrét en carbon atons, al kanes having five to

about ten

OH

wherein R'-R® are each independently selected from the group consisting of hydrogen,
halogen, hydroxyl, nitro, amino, C,-C, alkyl, and C,-C; alkoxyl.

19.The method of Claim 1, wherein the complex metal catalyst comprises a tertiary
monoamine having the structure (RY)RH(REN, wherein R°® and R’ and R® are each
independently a C,-C alkyl group, with the proviso that R® and R” and R® collectively

have a total of four to eighteen carbon atoms.

20.The method of Claim 19, wherein the tertiary monoamine comprises dimethyl-n-
butylamine.

21.The method of Claim 1, wherein the complex metal catalyst comprises a C;-C),
primary alkylamine.

22.The method of Claim 21, wherein the primary alkylamine is n-butylamine.

23.The method of Claim 1, wherein the concentrated solution comprises about 20 to
about 60 weight percent of the poly(arylene ether).

24.The method of Claim 1, wherein the concentrated solution has a temperature of at
least about (T,,,4-5°C) immediately before it is combined with the anti-solvent.
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carbon atons, and conbi nations conprising at |east one of the foregoing
anti- solvents. 28.The nethod of Claim1, wherein the anti-solvent

conpri seswoashvaemed . 29- The net hod of Claim 1, wherein the rmruSosmbs2zent
conprises about 70 to 100 wei ght percent methanol, O to about 20 wei ght
percent toluene, and O to about 10 wei ght percent water. 30-The nethod of

Qaim i . b . im 1
arm WRETIR! RethBl Of E1hif #L WE‘%?ﬁ‘Ethggg%{#n@Q sQ dtidi ﬁ%ﬂ% E%%Q?L§Qf gm

wherein tHe renoving a portion h vent con

t enper at ur€shbost Theakstmediaigly teferedtis gombmpd with tirp antirselvelt- of O ai m 1,
wherein renoving a portion of the solvent is conducted at a tenperature of
at | east @B0OTHe method df E3aikhe, WBErBRIGhO CofdeRirded solWh6K Bhda KRRyt off apor ti on

of the solvent. i on ed at,. epperature .of at. |east. abou

(T O 2088 gy (R Sl iiosl bETTRE i criRed R BER G e
concentrated solution with an anti-solvent is conducted using a stirred
tank vessal. e aefliaghofh@laimi hpelhkemin thS.aftisolvehh@dmpfis€ an nanti-soleat ei n t he

e e Ay Npe
rxture naceel TS AHE0 SRS A Ahindlle S B n BEARHERRE |
Claimi1, WekNes having thrasciopthoat den sarbyy atarhs radkameh dvayingofiye o aboujgen t o

about 20 \e#taAt atBRICARE &mBA4dS! &n BofMiife’ PEPBESRRS -and/ - The
nmet hod of Sa ai n?l, vaherei rllnt he preci p@ﬁ%éegf 6%%35%§§y| ene et héer)§ha§s an

intrinsicSiV§88sity of at |east about 0.20 dL/g as neasured in chl orof orm
at 25C. 23 WO 03/000769 PCT/ US02/ 10422 38-The nethod of Caim1, further
conpri si n@8rieanethodgf Claemclo mhkesin thetaali-seBiea] aosiprises ktimnolhqueous sol uti on.
39. The method of Caim1l, wherein the nonohydric phenol conprises

2, 6 di et byl peRgho@BECRud 10 THCHR LA RNBNRY: ohGESL Bodde030h e RkighPMPr 1 Ses
t ol uene; erein the CORCEnt rate solution Ras apferrper ature, T,

i mredi at elPpragat methapel, G to ahavibi2feveight hercérs takiene, smidv e ;abewidl Gweigdt n T
sati sfiespbh@niwggral ity T> 0, -(0.296xI V+1. 27xTMP-35.7) 10

1.97(1-0. 80795x 'V -0.0249xTMP ) where 0O, is the polynmer concentration

(expr esse%O!ﬂevr\gelt (f)l oP 8 a(l:r(ralqt, zv’herle\lél JTS udtigl gt least about 60°C.

clo

31.The method of Claim 1, wherein the removing a portion of the solvent is
conducted at a temperature of at least about (T, 4~10°C).

32.The method of Claim 1, wherein removing a portion of the solvent is conducted at
a temperature of at least about T,

cloud*

33.The method of Claim 1, wherein removing a portion of the solvent is conducted at
a temperature of at least about (T,,+10°C).

34.The method of Claim 1, wherein the combining the concentrated solution with an
anti-solvent is conducted using a stirred tank vessel or a high-shear impeller.

35.The method of Claim 1, wherein the combining the concentrated solution with an
anti-solvent produces a mixture having a temperature of about 20°C to about 50°C.

36.The method of Claim 1, wherein the precipitated poly(arylene ether) comprises up
to about 20 weight percent of particles smaller than 38 micrometers.

37.The method of Claim 1, wherein the precipitated poly(arylene ether) has an
intrinsic viscosity of at least about 0.20 dL/g as measured in chloroform at 25°C.
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intrinsic viscosity of the copolyner in chloroformat 25C (expressed in
m./g), and TMP is the 2,3,6-trinmethyl phenol content of the copol yner
(expressegg @yoogicght %9 . 40. The nethod of C aim1l, whereipritapnehydri c
phenol conprises 2, 6-dinmethyl phenol and 2,3, 6-trinethyi phenol in a weight
ratio of about 3:1 to about 6:1; wherein the concentrated solution

conpri ses t0 4 Lght percent _of the ( t her)
resin, mhe?%’?#é Pﬁgloéio%tg@%ﬁ at SIIII(I%BI%&?P ﬁﬂn%éescogertmé%ércgﬁﬁ% lﬂ(%tIII Igat%ysgast
about ( T~| ®iH*B@udomssoliutioel y before it is conbined with the anti-sol vent;

wherein the precipitated poly(arylene ether) has an intrinsic viscosity of

about 0.2539 9he abilod. 8P @ldigy IWhegRiBint hfe p'irﬁﬁﬂo?&&x% eghdiel ye@rhyﬂié%@e

et her) COIT?I’I es ug}to aboHt 15 wei ght percent of particles smaller than
38 ni cr onet-8rdmethyiphepel; e Mﬁﬂﬁ@?’?ﬁ'@ﬂphﬁfé&bv‘é@?rﬁ’@ tthe BNt e ROHBHSES

cat alhyz t violiknawiabiRaHs coetirhted solfiod B SRipenet, Tliginwdlatelpibefoed it t he
nmonohydri c. p

h I ' 6- di hyl I d.2 3, 6-trinethyiph I
- el gl AP0 UL g0l S BheRarh] ot sirelFe RS0l vent  conpr | ses

tol uene; wherein the concentrated solution conprises about 30 to about 45

wei ght perce ¢of_ bhesRAVL ppylengp elen) resin;  wherein the concentrated
sol uti on hds a—é%e%%e—e?—ﬂe%s—ﬁ%emgisoc i medi ately before it is
combi ned wi t h t-REl it 0UDspEnt 0.0 <M | he pr eci pitated poly(arylene
ether) has an intrinsic viscosity of about 0.25 to about 0.40 dL/g;
wherein the, precipitated.poly(aryl ene ether onpris up t ut . 15
wei ght per‘évggrf: of® 6&7‘ tHObI)’B%‘yg?fh‘IéP‘é? lotnhé’ﬁfp%seﬁi gf&ﬁé%ﬁr Toemly 1Y (bt W8y
C(z)rrpr i s: n?inﬁﬁfsﬂ:\/eiéédsﬁytdf&he @@;ﬁmymb fm&}ﬁbroﬁﬁﬁﬁé%@r]gwékbremdaﬂ lmgag)s agdl uti on.
42. A poly .ene £t her. repar e met 0 aim.l an enpri si ng
up to aboﬁII/AI) éﬁﬂIﬁeﬁIfﬁfmIﬂ?ﬂé' eHBII coﬁiﬁ“% PEII’Q§°E(I’I¥I“FEI’3XPI?§§?CI§§ VI%I%I?&II& ers. 24
40.The method of Claim 1, wherein the monohydric phenol comprises
2,6-dimethylphenol and 2,3,6-trimethylphenol in a weight ratio of about 3:1 to about
6:1; wherein the concentrated solution comprises about 30 to about 45 weight percent
of the poly(arylene ether) resin; wherein the concentrated solution has a temperature
of at least about (T,,,q+5°C) immediately before it is combined with the anti-solvent;
wherein the precipitated poly(arylene ether) has an intrinsic viscosity of about 0.25 to
about 0.50 dL/g; wherein the precipitated poly(arylene ether) comprises up to about
15 weight percent of particles smaller than 38 micrometers; and further comprising
recovering the complex metal catalyst with an aqueous solution.

41.The method of Claim 1, wherein the monohydric phenol comprises
2,6-dimethylphenol and 2,3,6-trimethylphenol in a weight ratio of about 3:1 to about
6:1; wherein the solvent comprises toluene; wherein the concentrated solution
comprises about 30 to about 45 weight percent of the poly(arylene ether) resin;
wherein the concentrated solution has a temperature of at least about 80°C
immediately before it is combined with the anti-solvent; wherein the precipitated
poly(arylene ether) has an intrinsic viscosity of about 0.25 to about 0.40 dL/g;
wherein the precipitated poly(arylene ether) comprises up to about 15 weight percent
of particles smaller than 38 micrometers; and further comprising recovering the
complex metal catalyst with an aqueous solutjon.

42.A poly(arylene ether) prepared by the method of Claim 1 and comprising up to
about 20 weight percent of particles smaller than 38 micrometers.
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