METHOD FOR THE PREPARATION OF A POLY(ARYLENE ETHER), AND RELATED
COMPOSITIONS BACKGROUND OF THE INVENTION This invention generally relates to synthetic
resins. More specifically, it relates to methods for preparing poly(arylene ether) polymers useful in
high-temperature applications. Poly(arylene ether) resins are commercially attractive materials
because of their unique combination of physical, chemical, and electrical properties. The resins are
usually charactgfizegdly potesirabieREPRRIATION offydrolN¢ARMIIEN N BRNekNIDNal stability,
toughness, heat resistance, and dielectric properties. The ﬁ%\s] exhibit high glass transition
temperature (Tg) values, typically in tRELA, O(FQM%?S% -g15C, as well as very good mechanical
performance. Poly(arylene ether)'s such as the family of polyphenylene ether (PPE) resins are often
used in comignatiopRGMtheF P TRrg EidTiGer enhance the attributes of the ultimate polymer
product. For example, PPE resins are often combined with polyamides. The resulting molded
products exhibit the most desirable properiie c terj : n fstance and -
dimensional s a{%ifﬁyeﬁg?ﬁ e P , %a}r(%ggei%gﬁgﬁt&;%&%'arﬁbﬁgpn"ﬁ%ﬁgz’sgnr?c%%jﬁ the
polyamide. Emnethsis dpplisationsforedwantlers ehesrigelohans pphlndlubekdmmstaiEidusings,
automotive panels, and the like. In recent years, it has been desirable to further increase the
high-tempera%ﬁ c"il:tiao|z.%1§ibiIities of materials like the poly(arylene ether)/polyamide blends. For example,
automotive panels made from such materials need to withstand relatively high paint oven

" temperaturePalyéamiisaepstherhrectisatet omaRlY FIRTESRGHE GRS At Bsfabilities of the |

polymers ha%Q%%E Q.60 HXnCSEtiLg&QH?M%E&f?hﬁﬂ@]@&%ﬂ%%%ﬂ@ﬁ%@%ﬁ@%& For example,
- ‘European Patent Application 627,466 describes the preparation of mg%jaérylere ether)@opolymér’s of
2,6- dimethylphiatyl sher®sreetindthyipkesisbieo FOBF HishyATRTERS oftehility, hi

dimensional stability, toughness, heat resistance, and dielectric properties. They also

exhibit high glass transition temperature {Tg) values, typically in the range of about

150°C-215°C, as well as very good mechanical performance.

Poly(arylene ether)'s such as the family of polyphenylene ether (PPE) resins are often
used in combination with other polymers, to further enhance the attributes of the
ultimate polymer product. For example, PPE resins are often combined with
polyamides. The resulting molded products exhibit the most desirable properties of
each material, e.g., excellent heat resistance and dimensional stability from the PPE,
and excellent strength and chemical resistance from the polyamide. End use
applications for structural materials of this type include computer housings,

automotive panels, and the like.

In recent years, it has been desirable to further increase the high-temperature
capabilities of materials like the poly(arylene ether)/polyamide blends. For example,
automotive panels made from such materials need to withstand relatively high paint
oven temperatures when the parts are coated. One means of increasing the
temperature capabilities of the polymers has been to employ certain copelymers for
the poly(arylene ether) component. For example, European Patent Application
627,466 describes the preparation of poly(éry!ene ether) copolymers of 2,6-
dimethylphenol and 2,3,6-trimethylphenol.  Copolymers of this type are often



1 characterized by relatively high Tg values, e.g., in the range of about 225C to about 230C. A variety
of methods for preparing and isolating poly(arylene ether) homopolymers and copolymers are
well-known in the art. Many are described in the background section of U.S. Patent 6,407,200 (P.
Singh et al). One well-established method for isolating the polymers involves combining the
polymerization reaction mixture with an anti-solvent such as methanol, and then filtering the resulting

precipitate. Many yatialonsendha psnarekosheidee OhPme Rkt of anuldizatondmbeen

developed over the years. For example, the European application mentioned above describes the
isolation of a33éRarylene ether) copolymer by reverse-precipitation with acetone, and filtration. Other
techniques also involve pre-concentration steps, wherein a portion of the reaction solvent is removed

prior to precipitaling: %e%@si%%%%mfﬁﬁa isdhenspbieistbie addianahopoiventonal
(0]

processing steps. For example, the polymer can sometimes be re-slurred with the anti-solvent, then
filtered again?%@ﬂféﬁﬂﬁ&sﬁf@d%ﬂﬁ%%ﬁié‘hé‘i‘%&ﬁeM@KW@WB@%%%&&%&@im
techniques inglude filtratione selid el sentifuaash aRulty seidlinelardbihadikmefiftar iiese additional
steps, the polymer is usually dried by various procedures. For example, drgiér]f% can be, carried out at

elevated temiseletingabe iebanemAyShIss fomrasag e PRIMTIEEERH POSERF DG VUL types of
industrial drying, eOUIRMARhCE & HRABHNC S CORY SHBSFRIR FossHAMpEaRMENNg dryers, or fluid bed

dryers. The resulting product, in powder form, is then typically transported to other locations for

storage or compounding. In large commercia| plants, fransport is often .undertaken neumatic
systems, thrafgia REENORK BF gﬁ?eg‘?nleﬁ@ bF aﬁ?e%éé’é‘?s%%g%%ﬂ 3babn\(/?e%]lf%ad%?fler§ agﬁikt)gl %)n

e for efficiently
producing highvyiejis etthendemiind malyndans aibdlpradycipfionierendhigreedrebsgme drawbacks

to the processes. For example, the poly(arylene ether) powder produced by these techniques
sometimes inIRERPE ﬁ&‘é‘éﬁ%l?ﬂ?gﬁ%%&ﬁ%e&ﬁ)ﬁﬁ@yﬁ%s y ,&esve?gefprCIPI%%%n
with acetone, and filtration. Other techniques also involve pre-concentration steps, :

wherein a portion of the reaction solvent is removed prior to precipitation steps.

The isolated polymer is then subjected to additional, conventional processing steps.
For example, the polymer can sometimes be re-slurred with the anfi-solvent, then
filtered again, and then washed with additional solvent. Conventional solid/liquid
_separation techniques include filtration, solid bow! centrifuges, gravity settling, and
the like. After these additional steps, the polymer is usually dried by various
procedures. For example, drying can be carried out at elevated temperatures, under
aimosphen’c pressure or reduced pressure, using various types of industrial drying
equipment, e.g., pneumatic conveying dryers, screw-conveying dryers, or fluid bed
dryers. The resulting product, in powder form, is then typically transporied to other
Jocations for storage or compounding. In large commercial pjants, transport is often

undertaken by pneumatic systems, through a network of pipes.

The procedures described above are often suitable for efficiently producing high
yields of the desired poly(arylene ether) product. However, there are some drawbacks
to the processes. For example, the poly(arylene ether) powder produced by these
techniques sometimes includes an undesirably high proportion of powder "fines”. As
used herein, the term "fines" refers to solid particles having a particle size less than

about 38 microns (micrometers).



used herein, the term "fines" refers to solid particles having a particle size less than about 38 microns
(micrometers). 2 Fines can be responsible for a variety of problems during the processing of the
polymer. Their presence may be associated with losses of the poly(arylene ether) during the filtration
and drying stages. Fines tend to stick to the processing line filters, where they can cause clogging and
an excessive pressure drop. (Filter pressure drops may trigger alarms which shut off the powder
transport thrqugd aciraBspekblingble.@r fiomreresifi pilcbienas sturingatbompoessdiggadrés®). In general,

the presence of high powder fines can make it difficult tq efficiently separate the po r powder from
gas in the drpPgmafTd e BIRESEMY RS amRY TR InE Mo dtmlS |0%%P?ﬁ¥§as&;ir$n %e%%{%ystems, and

possible dusiigmissipngiitieithepinpepResegRemiival ofthiadinesk frorththprfitsingatittse a difficult
and time-consuming task. Moreover, the presence of fines can creat dustéﬁplosion hazards if

powder-handfiHg Ve e FEic EARh CiTEe R AL R NG IR IISESRS Bt Experiaive sa

Xpensive safety
equipment. Iagditag tedianapert angclamprdblassowderprespocaiobiigies tamspdsbliesult in
significant problems during extrusion and_moldir%%?oft e %(I&y er product Iigé eéae@&l%fihough they
constitute paft®f FRTS8IETbMRICH Sl RibRC 83‘@?[& BIndPrERIE e iR Slid mass and

density necessaiyiare4ongEsllow. iReaidiifitatote affiexdngarphius thagalyprappatalshearing forces

for extruding the polymer product may not be attainable ywhen too many fines are present. With these
concerns in AR, SAtARPGIEDE BRCHITRAE YEHCE TG A/ BF ﬁﬁ%’g[fﬁpa?%n g

3ok po€i§/r!ner product,
such as the p@ﬂ(@%’t@ﬁ@, %Hl?ﬁbéﬂ@t@@%l&-e@xﬁ@i&ﬁﬁtﬁ@ﬁlﬁ@rathi&;ﬁ{ajlectwmvaﬂvﬁs}dwng the

process conditions under which the polymer product is made. For. example,.the previously-referenced
'S Patont 61T B0 S EAbBE B RHbE AT BRI (e BT e R &

Fei & portion of the

reaction solvenfs .seme¥ediaiieniissraazeaarisative-teddutigrsispeRemavakvittai,solvent
portion leaves a concentrated solution of the palymer, Produ_ct. This solution is subsequently

thus requiring the installation of expensive safety equipment.

In addition to transport and flow problems, the presence of fines can also result in
significant problems during extrusion and molding of the polymer product. For
example, though they constitute part of the solid powder composition, fines often do
not have the minimum, solid mass and density necessary for proper flow, into and
through an extruder. Thus, the appropriate sheariﬁg forces for extruding the polymer

product may not be attainable when too many fines are present.

With these concerns in mind, attempts have been made to reduce the level of fines in a
solid polymer product, such as the poly(arylene ether) materials. One strategy for this
objective involves changing the process conditions under which the polymer producf
is made. For example, the previously-referenced U.S. Patent 6,407,200 describes a
method of preparing poly(arylene ether)'s, wherein a portion of the reaction solvent is
removed after the catalyzed oxidative reduction step. Removal of the solvent portion
leaves a concentrated solution of the polymer product. This solution is subsequently
combined with an anti-solvent (as mentioned above), to precipitate the desired
polymer product. The inventors associated with the referenced patent discovered that
if the temperature of the concentrated solution was elevated to specified levels
immediately before combination with the anti-solvent, the generation of the

undesirable fines could be reduced. -



combined with an anti-solvent (as mentioned above), to precipitate the desired polymer product. The
inventors associated with the referenced patent discovered that if the temperature of the concentrated
solution was elevated to specified levels immediately before combination with the anti-solvent, the
generation of the undesirable fines could be reduced. 3 U.S. Patent 6,407,200 documents a
considerable innovation in poly(arylene ether) preparation and processing - especially in the area of

fines reductiqngHpyygyes, 4aldiip akimerayaresAim il iAfRBbie IR IO dEIa) be of great

interest - especially in an era when the demands for ever-higher product yields and product quality are

present. ThuBrapRsAETR BN BracheaREforSFRRTIUR IR Bt 85359 AR g AR Poly ER)IEYE ether)'s. The
new processgg shauld: resulln greateniedreliopeihiilesycobiantiey Hepeuaeinereducts, and an

improvement in powder flow behavior. The processes should also be compatible with the production
of the high-tessssialitirin polygeryibae tndemapiofipmsrerdisehgsadishvecimg 8D in great
demand today, Morgauer. the RiRcesRes st PasaopPmisiveadaniahia Rrepleraamseale

manufacturing facility, ‘e.g., without significant changes in facility structure or processing requirements.
Furthermore ptHx@wisagigdkepérties for products molded from the polymer material should be
substantially maintained. BRIEF DESCRIPTION OF THE INVENTION A method for preparing a

poly(arylene ethegis dessibeshdn PR empedimeaniedieionein dactopiae Sothbdlouling steps: (a)
oxidatively coupling a monohydric phenol in the presence of a sglvent and a co‘ﬂé

> plex g1eta| catalyst,
to produce a FORRERyRIeABATRMINEEIST(B) PORIBTANG™ BRERIGAT of MBI 3P (ﬂf%o 3

e d concentrated
solution haviggraglgrd ReiRt Thelopdiamed c)gomeininghthampensenriraiciy(aniidien sitran
anti-solvent to precipitate . .

copolymers discussed above, which are also in great demand today. Moreover, the

processes should be economically adaptable to a large-scale manufacturing facility,

e.g., without significant changes in facility structure or processing requirements.

Furthermore, the overall properties for products molded from the polymer material

should be substantially maintained.

BRIEF DESCRIPTION OF THE INVENTION

A method for preparing a poly(arylene ether) is described. In one embodiment, the

method comprises the following steps:

(a)  oxidatively coupling 2 monohydric phénol in the presence of a solvent

and a complex metal catalyst, to produce a poly(arylene ether) resin;

(b)  removing a portion of the solvent to produce a concentrated solution

having a cloud point Te/gy4; and

() combining the concentrated solution with an anti-solvent to precipitate

the poly(arylene ether) in the form of a precipitation mixture;

wherein the concentrated solution has a temperature of at least about (T¢jgyg - 10°C)

immediately before it is combined with the anti-solvent; and



the poly(arylene ether) in the form of a precipitation mixture; wherein the concentrated solution has a
temperature of at least about (Tcloud - 10C) immediately before it is combined with the anti-solvent;
and 4 wherein the precipitation mixture has a temperature of at least about (Tcloud - 40C) after its
formation. Another embodiment is directed to a poly(arylene ether) copolymer powder, comprising
2,6-dimethyl-1,4-phenylene ether units and 2,3,6-trimethyl-1,4-phenylene ether units. The copolymer

usually has anaiinsic Yiseasibel aonhOiR3 e ie-ABRLL .6 kdc ARl @opiainSdgseyinan about

S
18% by Weig\ﬁ’thg eﬁ)%rtlclgs sPn an about 38 micrometers. Further detafls regarding the various

features of thagiénusdtiometaoa.found in the remainder of the specification. BRIEF DESCRIPTION OF
THE DRAWINGS FIG. 1 is a graph depicting the percentage of powder-particle fines as a function of

temperature %@H&?t%ﬁﬁb@&i& ARIVIN e RIGLPIRTIQN SUPRERT. &l 2dspaigharh pyligbrexpresses
polymer particle size as a function of precipitation mixture temperature. DETAILED DESCRIPTION
OF THE INVENTIORrg2i6rdimashyehémlionylson rthaninis rdrgid S ety bb elfRh can be

prepared andiiigaigdsaosprdipgoiguisinupntion aieikeaue kns@zﬁiaﬁeMmcﬁ.:hqmg;:_desoribed in
U.S. Pat. Nos. 3,306,874; 3,3006,875; and 3,432,469 (I%ag/ ; U.S. Pat. No. 4,806,602 (White et al); U.S.

Pat. No. 4,80&:0@70(8dvig: enchiprte®s fess, thas abop 856 byrresishs ol Ui smalenifd S. Pat. No.

6,407,200 (Sf%% @tga}gic%lmi&gg(porated herein by reference. These polymers are usually prepared by
oxidatively coupling a monohydric phenol, using an oxygen-containing gas in the presence of a

solvent and a complex metal catalyst. The monohydric phenol comprises at I?ast ne sﬁructural unit of
the formula Further details regarding the various features of this invention are found In the

remainder of the specification.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph depicting the percentage of powder-particle fines as a function of

temperature parameters for a polymer-precipitation experiment.

FIG. 2 is a graph which expresses polymer particle size as a function of precipitation

mixture temperature.
DETAILED DESCRIPTION OF THE INVENTION

In terms of general structure, the poly(arylene ether) polymers which can be prepared
and treated according to this invention are known in the art. Many of them are
described in U.S. Pat. Nos. 3,306,874; 3,306,875, and 3,432,469 (Hay); U.S. Pat. No.
4,806,602 (White et al); U.S. Pat. No. 4,806,297 (Brown et al); U.S. Pat. No.
5,294,654 (Hellstern-Bumell et al); and U.S. Pat. No. 6,407,200 (Singh et al), all
incorporated herein by reference. These polymers are usually prepared by oxidatively
coupling a monohydric phenol, using an oxygen-containing gas in the presence of a

solvent and a complex metal catalyst.

The monohydric phenol comprises at least one structural unit of the formula



50Q2 Q) Q2 Q1 wherein each Q1 is independently selected from the group consisting of halogen, C1-
C7 primary or secondary alkyl, phenyl, C1-Cry haloalkyl, C1-C7 aminoalkyl, C1-C7 hydrocarbonoxy,
and C2-C7 halohydrocarbonoxy, wherein at least two carbon atoms separate the halogen and oxygen
atoms; and each Q2 is independently selected from the group consisting of hydrogen, halogen, C1-C7
primary or secondary alkyl, phenyl, CI-C7 haloalkyl, C1-C7 aminoalkyl, CI-C7 hydrocarbonoxy, and
C2-C7 halohydrocagbonoxy, wherein at least two carbon atoms separate the halogen and oxygen
atoms. In some preférred embodiments, the monohydric phenol comprises 2,6- dimethylphenol
apd-2.3,6-trimethylphenol (hereinafter "TMP"). The DMP and TMP may be used
‘ ratios of 99:1 to 1:99. However, it is often preferable to use a DMP/TMP

abetit-268--t. The oxidative coupling of the monohydric phenol uses an
is typically oxygen (02) or air, with oxygen being preferred. As
mentioned above, thegrmormhydric phenol is oxidatively coupled in the presence of a solvent. A wide
variety of solvents may be employed. Non-limiting examples of suitable solvents include: aliphatic
alcohols, ketones, aﬂf)hatic &d aromatic hydrocarbons; chlorohydrocarbons, nitrohydrocarbons,
ethers, esters, amides, mixed ether-esters, sulfoxides, and the like. Combinations which comprise at

least one of {hrefereaninaSoly ahisBaMmalseRe ST aYIgibgheYsRamosfmasese with or enter into

the oxidation reaction. In a preferred embodiment, the solvent comprises a C6- C1 g aromatic

hydrocarbon, SACIENE) U SSRaPdATE ,45%“%%&%&7%%}@]%&1393 aginpetkybsthdrdof. A highly
preferred solygatdsAbIRRE, e tsadhhaishidtisatethox solVRRtSMeaRki dafiep atstagle solvent, or
two or more solvents mixed together). o -

separate the halogen and oxygen atoms; and each Q2 is independently selected from

the group consisting of hydrogen, halogen, Cy-C7 primary or secondary alkyl, phenyl,

C1-C7 healoalkyl, Cy-C; aminoalkyl, C;-C7 hydrocarbonoxy, and Cp-C7

halohydrocarbonoxy, wherein at least two carbon atoms separate the halogen and

oxygen atoms.

In some preferred embodiments, the monohydric phenol' comprises 2,6-
~ dimethylphenol (hereinafter "DMP") and 2,3,6-trimethylphenol (hereinafter "TMP™).
The DMP and TMP may be used in any proportion, from weight ratios of 9%:1 to
1:99. However, it is often preferable 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 (O7) or air, with oxygen being preferred.

As mentioned above, the monohydric phenol is oxidatively coupled in the presence of
a solvent. A wide variety of solvents may be employed. Non-limiting examples of
suitable solvents include: aliphatic alcohols, ketones, aliphatic and aromatic
hydrocarbons; chlorohydrocarbons, nitrohydrocarbons, ethers, esters, amides, mixed
ether-esters, sulfoxides, and the like. Combinations which comprise at least one of
the foregoing solvents may also be used, providing they do not interfere with or enter
into the oxidation reaction. In a preferred embodiment, the solvent comprises a Cg-

Cqg aromatic hydrocarbon, including, for example, toluene, xylenes, and the like, and



In some embodiments, the solvent further comprises at least one aliphatic alcohol that is a poor
solvent for the poly(arylene ether). Non-limiting examples include C3-C8 aliphatic alcohols such as
n-propanol, isopropanol, n-butanol, t-butanol, n-pentanol, and the like; as well as combinations
comprising at least one of the foregoing aliphatic alcohols. A preferred alcohol of this type is
n-butanol. The solvent may further comprise methanol or ethanol, which act as anti-solvents for the

poly(arylene wixenes Thrsagh-G4 bighbhraatensdicoberion, eens -4 anprbhiersiibohs| tHY the methanol
or ethanol may he,carhined i XAHEYSRIRPAIHIARS JHRMeYEhddSsiomRlmESdEsiangs. that the
solvent comrg%se at Ieast%%out 50 WeL‘%g t%;o of the ’86_-018 aromatic hydrocarbon. In some especially
preferred embodiments, the solvent comprises at least about 75 weight % of the C6-Cl 8 aromatic

hydrocarbon A& AROREINSBEY e R HRURERE MMt seh dershaeccalpRad b AP th&8tesence of a
complex metal salyShiGaaEBObINE.pRa AEamye! Kegwminitbe afhpibenaiedesariped, for
example, in U.S. Patents 6,407,200; 3,306,875; 3,306,874, referenced_above, as well as U.S. Patents
5,068,310; 4 ABPbasealapkpls Fch 2RISR Gl IO PSS FoPH R h & TBHARS  SHEFSIRThe complex
metal catalys}syaleNkUsHaly CABHISHAMEIaH N SLShIBSIQNS SO Gy HBpAR. VIII, or IB of

the Periodic Table, and combinations thereof. Of these, ions of chromium, manganese, cobalt,
copper, and éswimiatidhrsemsAsighal Rt aPensnt rotaRRling ol BeErEifed, with
copper ions (GyARck i) BESRSNLRIIRIR TR eI IBK FRiaheatalysl SHsipm may further
comprise a nitrogen-containing ligand. The nitrogen-containing ligand may include, for example,
alkylenediamine ligands, primary monoamines, secqQndary monoamines, tertiary yjnonpamines,
aminoalcoho@ecgﬁﬁ@éﬁééﬂ‘?ﬂﬂ%% @ rig?ﬁgj&f(qréaaipﬁﬁgco‘f?ﬁ?g @&o%ﬂ%’ﬁ 98h%ontaining
ligands, and thgalikeméy'bearatigésnecitivexampinasnl. esivegen-eaotaiingslgefdteare provided in
the

that the solvent comprise at least about 50 weight % of the Cg-Cjg aromatic
hydrocarbon. In some especially preferred embodiments, the solvent comprises at

least about 75 weight % of the Cg-C1 g aromatic hydrocarbon.

As mentioned above, the oxidative coupling reaction is carried out in the presence of a
complex metal catalyst. Catalysts of this type are well-known in the art. They are
dcséribed, for example, in U.S. Patents 6,407,200; 3,306,875; 3,306,874, referenced
zhove, as well as U.S. Patents 5,068,310; 4,755,566; and 4,092,294, which are also

incorporated herein by reference.

The complex metal catalyst system usually comprises a metal ion, such as ions from
Group VIB, VIIB, VIII, or IB of the Periodic Table, and combinations thereof. Of
these, ions of chromium, manganese, cobalt, copper, and combinaticns comprising at
Jeast one of the foregoing ions, may be preferred, with copper ions (Cu* and Cu™™)
being highly preferred.

The complex metal catalyst system may further comprise a nitrogen-containing ligand.
The nitrogen-containing ligand may include, for example, alkylenediamine ligands,
primary monoamines, secondary monoamines, tertiary monoamines, aminoaicéhois,
oxines, combinations comprising at least one of the foregoing nitrogen-containing

ligands, and the like.



patents referenced above, such as U.S. Patent 6,407,200. Non-limiting examples of the
alkylenediamine ligands include NN'-di-t-butylethylenediamine and N,N,N',N'-
tetramethyl-1,3-diaminopropane. Non-limiting examples of the primary monoamines are n-butylamine,
sec-butylamine, and cyclohexylamine, with n-butylamine being highly preferred. Non-limiting
examples of the secondary amines include di-n- propylamine, di-n-butylamine, and di-t-butylamine,

with di-n-butylaratiryorfemaséfisgesrenited theomitivarnepeiaipfadizandnerteprriighiméiinciude
triethylamine,,  dime -0 QlMRMING L AN MBROUS YL 4G TRYY, 2URSEnHD dishefind-pr butylamine

being highly preferred. Non-limiting examples of suitable aminoalcohols include
N,N-diethyletharibkxinnediameh disshdnimslude dNbprehpriviethvleppdirmine rodmiNgieRémples of the
oxines Includg, i one 2amERRRIAe.Y N SOMNANINS BF AR ARUARR-eNd
compositions whic ont’ainlsuclﬁé%r%%ﬁiations,%aﬁﬁl%also b% ‘used_._M%st of'the nitrogen-containing
ligands mentisaeutatideminehencdresdamirrapise aséeheaykibune.0wihiadmalapgiensrispHer 100 moles

of monohydg&%@gggﬁgfr 1l IR AR WSR2 DR IS0 AL ANOUL T B8R 500 moles per

100 moles o ic phenol. n of appropriate concentrations within these ranges may be
made by thogeopflargingrgi iyl aneirset and thoubemtioersx pethmémdtidriaming etadedgoncentrations

may reflect t nce,0f, ether ] n roducts, Shlval may affect
catalyst effic%?r?ge)rﬁ%ssuﬁqa%aélm%!‘gg?g%%f e%%ﬁ}é%;( %ﬁ%ﬁ%géﬁg (m%%ggred a§ fr%o g&’of metal) to
phenol is abclimeth@entbutybrouing.: 408! withiausoutytiicl grtéanbounibes200/iteditvethyl preferred. The
complex met lyst 0. [opaHy, fu [ qu% ide. : ride, bromide,
or iodide. Whge!]n emg%ﬁééﬁig#giji)gﬁ%@%%% étg"é%gg%%@t% the %ga%%%tﬁig}?g%ﬁiog ?ggrm of an alkali
metal salt or axgia thylntiednd baltpat inctonoantatiormnof enxlelngholamgmeabouirt50 moles per
anslaflcalNe-diathiylatkano batipat tietionokbimts dMapbenydethanolemineb dis

100 moles Oflgnrﬁ%ggli%xgﬁ?prig@%@ %he oxines include oxine and 5-methyloxine. Various

combinations of any of these amines, and compositions which contain such

combinations, may also be used.

Most of the nitrogen-containing ligands mentioned above, when present, may be used
at about 0.01 to about 25 moles per 100 moles of monohydric phenol. The tertiary
monoamines may be used at about 0.1 to about 1,500 moles per 100 moles of
monohydric phenol. Selection of appropriate concentrations within these ranges may
be made by those of ordinary skill in the art, without undue experimentation. The
selected concentrations may reflect the presence of other reaction components or
products, such as water, that may affect catalyst efficiency. A suitable molar ratio of
complex metal catalyst (measured as moles of metal) to phenol is about 1 : 50 to

about 1 : 400, with about 1 : 100 to about 1 : 200 often being preferred.

The complex metal catalyst system may, optionally, further include a halide ion, suéh
as chloride, bromide, or iodide. When employed, halide ions may be supplied to the
reaction mixture in the form of an alkali metal sailt or an alkaline earth metal salt, ata -
concentration of about 0.1 mole to about 150 moles per 100 moles of phenolic

MONOMmeEr.



In some preferred embodiments, the complex metal catalyst comprises copper ion, a secondary
alkylenediamine ligand, a secondary monoamine, 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. Various techniques can be used to initially prepare the
poly(arylene ether). In very general terms, a reaction-vessel can be first be charged with the reaction

solvent, a pdttissmef thdepely @netimetise thenmnopirar(s)tdheatdysplexpratsl catedysonand any other
conventional com onentgw?uc .as surchtargs and thenlélée. A rg(t)%%%rrpﬁoé oxygen, of an _
oxygen-conta?ﬁﬂ?fbg@rgsg e BB MSrothiCEY ihto e Yeadtion vessefl; while the remainder of the
poly(arylene gitvernnanokn ehigtadgecfoner anpedinctnf tmeosmipbexsmetabnerlpsicethasede for

monomer-addition can vary, cansiderahly., Polymerization.. can then be carried out. Lintil a polymer with
the desired rﬁBPé’fﬂlaFo\RfeiMST 6ﬁT§?ﬁg§€.h3A%“)é3%a§'él%?<iIlgd"ﬁﬁﬁ%%lﬁﬁde?ggan%%bo )?Ir}r%rization can be

carried out ag@tattknprocess or a continuous process. The polymerization process conditions, such
as reaction time, temperature, oxygen flow rate, and the like, may be modified based on the target

o e A AN 6. W RSI B 107 BN G PO RANIRTERUR Mivergrver entl be

determined with an in- Iscosity meter. Other p ures m carried out during the
process. Exagepted iclogiex reaitioy vestelceiarbwdigthnehswpahmeithstheursiheptecivpnédetermined

reaction time, and controlling to a.s ecgi]e;i end gro cRacentr I Dk AMRGTaHES intained during
the polymerifﬁfg%ns?a?g%ecgﬁ)\rgawls@nci iCH nﬁq?nég.’%fﬁgzbm aﬁéuﬁ% toea‘%bout 9?5% Wi:%%nthis range, a
polymerizatiostienpeveattiradfaintesstabsut2BG s atenspadchebkevith stgasfarkeadgeximum
temperature of about 55C. At.temperatures s bstgt%i(gjgégi poe{h %%LU ggé@ﬂgg fgactions can
occur, Ieadin{')gr ) nggﬁ%ﬁ%ny}?n}glgtﬁat%?%ﬁﬁeer%%grlatures su@stant%% ower%har’\ about OC, ice crystals
may form in trengold¢ioof the poly(arylene ether) monomer is added over a period of time. The '

sequence and schedule for monomer-addition can vary considerably, Polymerization

can then be carried out, until a polymer with the desired molecular weight is obtained.

As those skilled in the art understand, polymerization can be carried out as a bulk

process or a continuous process.

The polymerization process conditions, 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 procedures may also be carried out
during the process. Examples include: making molecular weight measurements,
running to a predetermined reaction time, and controlling to a specified end group

concentration.

Temperatures maintained during the polymerization stage can vary significantly, e.g.,
from about 0°C to about 95°C. Within this range, a polymerization temperature of at
least about 25°C is often preferred, with a preferred maximum temperature of about
55°C. At temperatures substantially higher than about 95°C, side reactions can cceur,
leading to reaction by-products. At temperatures substantially lower than about 0°C,

ice crystals may form in the solution.



9 The polymerization process may further include the step of recovering the complex metal catalyst
with an aqueous solution. As described in U.S. Patents 6,407,200 and 3,838,102 (also incorporated
herein by reference), a wide variety of extractants or chelating agents may be used to complex with
the catalyst after the end of the polymerization reaction. When these materials are added to the
poly(arylene ether) reaction solution, the complex metal catalyst becomes poisoned, and further

oxidation doghenpiliakeipition. Plardinitipdieramplaadef the eupraftants aig cheladinplagents include

sulfuric acid, acetic acid, ammonium salts, bisulfate salts, and vari olyf janal carboxylic

2 cic-contain G ELMLT: ST A G AR oA PSR e G gl aa

ethylenediamigstzimacats aeshiERIAharhitblotdaeeiie RCidUNEARTty vollietissalis aithese

materials. Mixtures which comprise individual extractarﬁﬁg or chelating S coglgﬁl 0 be employed.
c

ent
 Furthermore ‘A8 HlEABRNSIHNIYS PP 4i8Ht 1%, 507 R0 WHB LheISe yﬁ‘ie?ggﬁé Iyt £ extracted with

the water progiigeeinathe pabunerization feastianeiylysiecaadigquis Aiguidioentidngettdtyohols or
water/alcohol mixtures are often used as the extraction liquid. The p Iynée ization reaction medium
may comprisE3HRsRIBLe G RS Meta] GREhYh RECRMGSIOBRSH: & é?’%@b f%B8vents can be

used in combipafigsn Wk ihee.aqueous media to help drive the precipitation of the copper (1) species.
The anti- solvents used in this stage are often low-molecular weight aliphatic and aromatic

hydrocarbons, ketones, alcoho!ts and the like Tt;]oses illed. in the art w Ui'fj be able 1o.select the most
anproiate QIS IR R SE B S R R RO e R e L Ana i SOARE i

e ponmerlzgtl sstage. efred embodiments of
this inventiorgcatfzorisal) eithenieactsirs sbiveifitis saiimavé dvafienpphipfenzatioh cffbespwly(arylene

ether), to produ%eﬁ a concentrated s Iutlzlg;. his dc%rﬂg.[fantratlon sgsepfosometlmesb% erre? to as

"pre-concent?gf Q,n%mb‘?ger? CaPREE Sut aft&rTemova %tfri‘ﬁea S?nplexrrﬁg al ca alyslf.nﬁxll hose

instances in include ethylenediaminetetraacetic acid (EDTA) or nitrilotriacetic acid (NTA), or
various saits of these materials. Mixtures which comprise individual extractants or
chelating agents could also be employed. Furthermore, as described in U.S. Patent
6,407,200, the éhelated metal catalyst can be extracted with the water produced in the
polymerization reaction, by using a liquidlliquid centrifuge.  Alcohols or

water/alcohol mixtures are often used as the extraction liquid.

The polymerization reaction medium may comprise an aqueous environment. As
described in U.S. Patent 6,407,200, anti-solvents can be used in combination with the
aqueous media to help drive the precipitation of the copper (I) species. The anti-
solvents used in this stage are often low-molecular weight aliphatic and aromatic
hydrocarbons, ketones, alcohols, and the like. Those skilled in the art would be able
to select the most appropriate type and amount of anti-solvent for the polymerization

stage.

In preferred embodiments of this invention, a porﬁoh of the reaction solvent is
removed after pdlymerization of the poly(aryiene ether), to produce a concentrated
solution. This concentration step, sometimes referred to as "pre-concentration”, is
often carried out after removal of the complex metal catalyst. In those instances in

which the poly(arylene ether) is based on a combination of monohydric phenols, such
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which the poly(arylene ether) is based on a combination of monohydric phenols, such 10 as DMP and
TMP, the concentrated solution has a cloud point, "Tcloud". (As discussed below, homopolymers can
sometimes exhibit a cloud point as well). The cloud point Tcloud is a property of the polymer solution,
and is a function of polymer concentration and molecular weight. Tcloud corresponds to the
temperature at which turbidity is first observed for a cooling solution of a poly(arylene ether). The
Tcloud is influen€idbywritdB, fatorsnsemburd: toinperly (arylengoetheisimoangmer. cryosition,
intrinsic visco§its3éugsrég £9 ncerl%tratiort as well as the_idengt/g{vlé,of the saolvent being employed. A detailed

procedure for determining TeioU ISP EivER" rAmEiBirSTRiEM Aortdriatin w&Dpatent 6,407,200. In

brief, the Tcloud value for a specific poly(arylene ether) dissolved in a specific solvent may be
determined by hsrelsadrrpihie Tohutics inrtsiromagehepulystatsphnidihendgiadfallytdacsgasing the
temperature ypsil turbidity.is first observed, By measuring Tcloud values for variations in poly(arylene
ether) monorrl#g}r%pos}f(tel@r{%{ﬂr?{lriﬁglc%‘%%%@%y?’g}@gcgﬁm%%eﬁ? LS8 EMIENBEMR an equation
relating Tclouef whieh serividtatiicst forsanep by (acgtding eshaidisofepsisysigene Enedprergencentration

step mention b \’ i lly.carried out to produce a concentrated solytion having about 20 to
about 60 wei;’dtﬁg%gofﬁh%ﬂ%%}f%b e\rl\%méﬁeaﬁ?q%’)vsvuecve?,s'det%rﬁﬂﬁ'ﬁr?ﬁﬁﬁ erﬁ'g’ff)afp‘BPé‘Bﬂ%ﬁ% poly(arylene
ether) level depapdsition, viatiouscfadtorsitpuehdasciivedypgonl selvesll useteaiaddhe iBfripgic viscosity of
the poly(aryl%gﬁl . The minimum concentration.for some emhodiments is preferably at least
about 25 weight ‘J%}tpagr%}cfj Slpepr% é’%ra Iy,e%f%r&ag{ %58y B3§W§?Wﬁ?%gcm%umﬁ%entration for
some embodirerstits:isypraeialyvidmuinS5.Svdighno6, 402 0Mole preferably, ghovile meight %. In

some especiglly preferred embodiments, th aximum weight, % is aboyt 45 weight %. In terms of the
Tcloud measu em@%ﬁ&gﬁgg a gre,g% e E)’Fe-é%nacé?ﬁ?bﬁ%r?céf’e?ﬁtién@ti’ﬁ HEYsG Y a

temperature ofentarustibboolufibolondts hAE)gamahprafsraklyd ahen gradually decreasing the
temperature until turbidity is first observed. By measuring T,jo,g values for
variations in poly(arylene ether) monomer composition, intrinsic viscosity, and
concentration, it is possible to derive an equation relating T,/,,,4 to these variables,

for any poly(arylene ether)/solvent system.

The pre-concentration step mentioned above is usually carried out to produce a
concentrated solution having about 20 to about 60 weight % of the poly(arylene
ether). However, determining the most appropriate poly(arylene ether) level depends
on various factors, such as the type of solvent used, and the intrinsic viscosity of the
poly(arylene ether). The minimum concentration for some embodiments is preferably
at least about 25 weight %, and more preferably, at least about 30 weight %. The
maximum concentration for some embodiments is preferably about 55 weight %, and
more preferably, about 50 Weight %. - In some especially preferred embodiments, the

maximum weight % is about 45 weight %,

In terms of the Tejgyg measurement discussed above, the pre-concentration step is
often carried out at a temperature of at least about (Tyjyyg - 10°C), and preferably, at
a temperature of at least about (Tjp,4 = 5°C). In a more preferréd embodiment, the
temperature is at least about (To/gy4), or at least about (Tojpud + 5°C). In Some

highly preferred embodiments, the temperature is at least about (Teloud + 10°C).
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a temperature of at least about (Tcloud - 5C). In a more preferred embodiment, the temperature is at
least about (Tcloud) or at least about (Tcloud + 5C). In some highly preferred embodiments, the
temperature is at least about (Tcloud + IOC). Il Any suitable method for pre-concentration may be
employed. For example, the pre- concentration may be carried out by pre-heating the reaction solution
above its atmospheric boiling point, at a pressure modestly elevated above about | atmosphere. (In
this manner, Aoyboilinbl¢akehqgqldoe prethenheateothang ee tynitalyde nifloyeshplkhehsptdtion can then
be flashed to a Ioewn?r ressure.and temperature Wh%%gt?g%v%porizatjon of a substantial portion of the
u

The BB DD P SRR APQYE Y in the heat

solvent takesc%?gce. € r‘él(%ir%% HeatorVa Xr’i%*ﬂ
exchanger, astisensibie bedingptie,solutipessiRepdsdssieh g ibmatidafuitacrapigeses combining
the concentraied solution with an anti-solvent, so.as to precipitate the poly(arylene ether). The
concentratec?]tg &%i%’ﬁ“d’r%fé’f’a%%‘ﬁﬂ&éa&%Hf%"ef’r&}&’ilsﬁbﬁﬂsﬂie%g?%%mifﬁfmap}f%%), Pnediately
before it is caplbiived weith the abdi-Shitedt. Bs dekorBedriaddrs. Ratenhthd@i)Owlkistspecified
temperature characteristi?%for %s%é:or}centrated %c‘)lut#)n resuylts in reduced fines. In more preferred

embodiments 2BTEE8H Beti iR EaHRI I HIASHRD Shix & ré B HAUE A6 Tcloud - 50)

at this stage vaporditiglis befpliedtsisteorrainechyitifetiia andihsal\robahloweyeenabRasstibed in U.S.
Patent 6,407,2%0 ,_even higher temperatures may be utilized in some instances. For example, an -

0
especially pr8 ethﬁe%xo}’éWBErature is Tcloud, with a temperature of (Tcloud + 5C) being employed at

times. The most preferred temperature in some situations is (Tcloud + 10C). As mentioned above, the
temperature dhenprennt eftiatcd sokiniv fuishepeoified skardirabtine Hericchimmredibtelpiheiore
combination with the anti-solvent, "Immediately before” i thi?, connghm ns the Spe ifled

temperature as it IS combined with the aﬁ%ﬁc?ol)(ven .%\EOI Tactcalmat er, eect%nr%%era ure of the

concentratedsshititioprefesatide has a temperature of at least about (Tjg,,4 - 10°C), immediately
before it is combined with the anti-solvent. As described in U.S, Patent 6,407,200,
this specified temperature characteristic for the concentrated solution results in
reduced fines. In more preferred embodiments, the concentrated solution preferably
has a temperature of at Jeast about (Teloud - 5°C) at this stage, immediately before it
is combined with the anti-solvent. However, as described in U.S. Patent 6,407,200,
even higher temperatures may be utilized in some instances. For example, an
especially preferred temperature is Tgjp,4, with a temperature of (Tppp7 + 5°C)
being empioyed at times. The most preferred temperature in some situations is

(Teloud + 10°C).

As mentioned above, the temperature of the concentrated solution is specified for the
time period immediately before combination with the anti-solvent. “Immediately
before" in this context means 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 solvent to produce a concentrated solution having
a cloud point T¢j,y4, adjusting the temperature of the concentrated solution to at least
about (T¢joyd - 10°C), and combining the concentrated solution with an anti-solvent

to precipitate the poly(arylene ether).
12



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
solvent to produce a concentrated solution having a cloud point Tcloud, adjusting the temperature of
the concentrated solution to at least about (Tcloud - 10C), and combining the concentrated solution
with an anti-solvent to precipitate the poly(arylene ether). 12 In a preferred embodiment, the
concentratedisolpichreasembodiperatihe graegairateshsohefoudiasidtrrnerpsreBeslss thimediately

before it is mixed Wiﬂng:es%tka(g%%%&%g@g}ggﬁ%gw&wﬁ SO'Hiion: CorfesRORAS.IB1 g @bsence of

any turbidity iR so ution, an y the same visual observation techniques
employed foHbriogmiantermihatiohutionscomewepdsialyhretbreadeenibunintahidity @niperature of at

least about (Tcloud + 5C) is maintained | r - INiRg solionfLam the
beginning of %ﬁ!au %é%rﬁcaélr%g%orglesé]g%wéntﬁé;gr%%}%gﬁt%rﬁﬁgﬁiagtgegl%%%gg:%gt?%%qr%suItir% (goncentrated
solution is cofabifgg widletdnmiaaticsoNestne sepnddinpoderedtontditeenise mtemPERIAE concentrated

solution is at least about 60 €, and preferably, at Jeast abaut 70C. More prefe(e emperature is
at least aboﬁ?ﬁéﬁ?ﬁ%ﬁgﬂ%s& Mraéy&aﬁe@@tné 1?)%% g’oqéfe (ﬁosﬁggg%%eeﬁoe?gg%ﬁgtm&é’utions of the
homopolymegqioliiR Sotlimissbdelndimhefienecatietiimarsmgtio Seolventesuchrasdisieiene typically do

not exhibit a ¢cloud point, except, possibly, at relatively low temperatures, Rather, as such solutions of
the homopol Feaﬁbe fggﬁ&gﬁﬁg?%%ﬁt{ﬁtgé ?ﬁ%lél%lrﬁsl %%%fgﬁﬁgd%éﬁ%%%%ﬁhvgﬁ ‘the discrete solid
particles characteristic of a cloud point). A variety of anti-solvents may be combined with the

concentratedlschriiorrbogiscipidbs thopsoaiaryitte mh@@?ﬁﬂ&‘@ﬁﬂﬂhﬁ%iéﬂﬁ?ﬁﬁk@ﬂ%lﬁ@e alcohols
having one I ahoutien earbon AlensSiichee MetNakeand N alkentisiange Rayiadpree to_about

C .
ten carbon atoms, SUCh &S ate one, ancf§ the ike; and akanes having arﬁ%ut five to about ten carbon
atoms, such asduwex801€; aind thedikgre@eablyinatideestcapoptisiotfCat (It should be noted that

solutions of the homopolymer poly(2,6-dimethyl-1,4-phenylene ether) in aromatic
solvents such as toluene typically do not exhibit a cloud point, except, possibly, at
| relatively low temperatures. Rather, as such solutions of the homopolymer are
concentrated, they may form a gelatinous phase without the discrete solid particles

characteristic of a cloud point).

A variety of anti-solvents may be combined with the concentrated solution to
precipitate the poly(arylene ether). Non-limiting examples include alcohols having -
one to about ten carbon atoms, such as methanol, and the like; ketones having three to'
about ten carbon atoms, such as acetone, and the like; and alkanes having about five to
about ten carbon atoms, such as hexane; and the like. Combinations comprising at
least one of the foregoing anti-solvents may also be employed. A preferred anti-
solvent comprises methanol, e.g., a solvent mixture containing at least about 50

weight % methanol (i.e., "methanol-based").

A highly preferred anti-solvent for many embodiments comprises about 70 to about
100 weight % methanol; 0 to about 20 weight % toluene, and 0 to about 10 weight %
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

13



least one of the foregoing anti-solvents may also be employed. A preferred anti- solvent comprises
methanol, e.g., a solvent mixture containing at least about 50 weight % methanol (i.e.,
"methanol-based"). A highly preferred anti-solvent for many embodiments comprises about 70 to about
100 weight % methanol; 0 to about 20 weight % toluene, and 0 to about 10 weight % water. The
anti-solvent may be employed at a range of amounts relative to the amount of the organic solvent,

with the optifisBrAen URipdciendingherptig itdatitieshef tipeodrganiosevanpland bantibsivent, as well
as the concentration, intrinsic,viscos't%/, and i

3 manomer compasition. of lene ether)
product. For%ﬁ%ﬂ@?%ﬂ%)tﬁea &9 g}ﬁ%oj%% avin nhqnszé Vi cosE o‘?‘?}l}é@m

APETE Ahdom copolymer having an intrinsic
viscosity of Q36.0ugnanstiarconypesitimvesighout B3-dieigitydd A Gramylstiey sthet-whtngMne ether units
and about 18 weight % 2,3,6-trimethyl-l,4-phenyjene, ether.units:.the,organic. sql i§.toluene; and
the anti-solvabys e‘ﬁ%l?’ a %&&éﬁ@ﬁ%&h@%@?@lﬁ?eraettl%&éfugg%’utthlc %rga%gﬁjég%%ﬁf q:85 maybe
suitable. The fesipitatienembstdsewhishrstiaried whencheaatios otvimht istzonflalrmd ith the
concentrated solution should have a temperature of at least about (Tcloud - 40C), after its formation.
As used herdif toerits ‘férﬁﬁ%tmw&éw&ally refers to the specified temperature during the time

period in which the anti-solvent is combined with the concentrated solution. As a practical matter, the
temperature pidhesapasiiainmarixitich i fomadt wiateirinet-ackeyt imserlingd ¥OUPS minutes of

the beginning of the stage in,whic% anti-solvent is combined with. centrapek solution. In
many prefen@ReHESEInTeREoHEBHEC "fgtﬁ)ﬁe%?fflﬁ?%r%%b 3tfieer%¥é§>é%ﬁ§° 5T°é¥fl1east a%out (Teloud -
30C) after its, fmeligamamdanorgspaeserablyimt tefast abdutriBtioidgerRedy attfarstdodination. In some

embodiments, the precipitation mixture F@S'a temperature of at least. a W T&'QA{QQ‘Q&?V its
formation. InSRFSEESErFERREEAEe SHTHD ,W&R/&?@%ﬁﬁ% ‘rﬁgf?‘r%?nag%é?&at{on mixture temperature is

about 2-3C ith the concentrated solution. As a practical matter, the temperature of the
precipitation mixture is usually determined at any time within about 5 minutes of the
beginning of the stage in which the anti-solvent is combined with the concenirated

sokution.

In many preferred embodiments, the precipitation mixture has a temperature of at least
about (T uJpyd - 30°C) after its formation, and more preferably, at feast about (Tjoud
- 20°C) after its formation. In some embodiments, the precipitation mixture has a
temperature of at least about (T¢jgyg) after its formation. In most larger-scale
sitnations, however, the maximum precipitation mixture temperature is about 2°-3°C
Jower than the boiling point of the solvent mixture, due in part to the complications

which can arise when the solvent and anti-solvent begin to evaporate on a large scale.

However, in other embodiments, e.g., when the solids content of the poly(arylene
ether) in the concentrated solution is Jower than usual (for example, in the range of
about 15 weight % to about 25 weight %), the temperature of the precipitation mixture
could be as high as about (Tgjoyd + 10°C). In those instances, steps may have to be
taken to control solvent and anti-solvent loss. For example, the precipitation system

(or sections thereof) could be operated under pressure.
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lower than the boiling point of the solvent mixture, due in part to the complications which can arise
when the solvent and anti-solvent begin to evaporate on a large scale. However, in other
embodiments, e.g., when the solids content of the poly(arylene ether) in the concentrated solution is
lower than usual (for example, in the range of about 15 weight % to about 25 weight %), the
temperature of the precipitation mixture could be as high as about (Tcloud + 10C). In those instances,
steps may havefiether ithitntta boltwolisohrestnain enitirs bvendikrssefed tentahepher thee precipitation
system (or sectlons thereg 8%kyould be ot ted under {essureafy As further |IIustrﬁted below, the
present inverlVSRPHAUR TR eerée&”i%?" %Scha & pré’uplta on mixttre emperafure (as
compared to @ﬂaﬂ)aﬁem’me&%@él Qﬁrﬁmsulnﬁfaregxeaﬂbm@mawcbhawmmmmés Biffenent techniques
may be available for. hrin gng_gthetgrec |tat|on [xture tergg(e e t% the ge};s,crlbe ﬁ Fl and
maintaining it RFEEPRATEIM ETUER vgn NAAR: ca'wpm S

precipitation jg¥{iurEdindherplecipiintntorelssghipadiemaixtiseiedonniedt Hmvpemp;mxpneferred
embodiments, the desired prec]gltatlon mlgtur(@FL| geraturi o tained by introducing the anti-solvent

ata selected%?ﬁ‘ﬂ'grlﬁtﬂ}%mﬁﬁﬁ) BiToETETE A RPATHIR inti-solvent depends on a variety of

well-understood factors, such as: the identity of the reaction solvent and anti-solvent; the specific heat
values of the Howlawiel dh sobfennts emipidiyesitththeatisiofdipeceuiiistioro it roeprratted Solution of

poly(arylene he the volume of.anti- oIv nt. the,c ration solution; and
the moleculare%)/vellré)?\é?boqg t]hé p‘%’FlrrFe el'ﬁose skﬁﬁled&m tﬁ%gé&}?écg%lﬁgﬁaeté?%he mﬂﬁfglgglggr%late
anti-solvent temmperatiueciob iseshtrsthest deptods carharetnepinchholdsetoad decforsasgiten

precipitation SXStﬁm enn?n -l t|n gtl%%trsg g\%ntfor som% j@ggg%@ gﬁ;ﬁ a8, qlhcm& 0\4«{}@1 the selected

temperature foi the precipl o "mixture 1s & e anti-so vent usually has a
temperature mm:Mtscdbemt Ehopbad; 41510)1@ atﬁmhﬂ (mblmﬂjofmtmnmmétmiubefwé being
combined Wlth}g/ aryce)gg %ﬁ;%%t?o {he l{zj(t) Qtie of anti- solvent; the concentration of the polymer in

the solution; and the molecular weight of the polymer. Those skilled in the art can

select the most appropriate anti-solvent temperature, based on these factors, and on

empirical observation for a given precipitation system. A non-limiting illustration for

some embodiments is as follows: when the selected temperature for the precipitation

mixture is about (T¢ioud - 40°C), the anti-solvent usually has a temperature of at least

about (Tejoud = 45°C) to about (Tejgyd = 50°C), immediately before being combined

with the concentrated sojution,

A brief, non-limiting illustration for precipitation mixture temperatures can be
provided for a typical process for the preparation of a poly(arylene ether) copolymer.
(The Examples below provide further illustrations). For a larger-scale process which
utilizes a toluene- or xylene- based solvent, and a methanol-based anti-solvent, and
wherein the solids concentration in the concentrated solution is about 35 weight % to
about 41 weight %, the precipitation mixture can have a temperature of at least about
44°C after its formation. In some preferred embodiments, the precipitation mixture
temperature may be at least about 48°C. In some especially preferred embodiments,

the precipitation mixture has a temperature of at least about 51°C.
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A brief, non-limiting illustration for precipitation mixture temperatures can be provided for a typical
process for the preparation of a poly(arylene ether) copolymer. (The Examples below provide further
illustrations). For a larger-scale process which utilizes a toluene- or xylene- based solvent, and a
methanol-based anti-solvent, and wherein the solids concentration in the concentrated solution is
about 35 weight % to about 41 weight %, the precipitation mixture can have a temperature of at least
about 44C aftesisfarfrapiencireaomeepreforhsdissbodaramyt the PREMPRENBAFRIXTEPE temperature
may be at least ahout 48C. In.some especiall ferr ' t recipliaiiap mixture has a
temperature Bf &F EaSTSHBIRST 6%%628\31;%%@{5? gpggt%%eﬁ%%ﬁg S%Bd to carry out the
precipitationisitgglldroS withba pighptesipitgtediarears bernmeieialblAVAlAt e Fer PReFESHe: or a

high-shear impeller. Suitahle hi ear, i ller c | val Jokexample, |
Wilhelm Sief\é’ryé?&mgéje&g’?@éggleﬁ%t;eFriﬁglﬁy&%@égﬁeoﬁg;%%%%ﬁg&éﬁ%%Iifté%%% in the stirred tank

and in the highisheardbmogeniienimayshetabobtBogesizer maydsahoBF¢hersdda 2babse skilled in
chemical en ineerin% 8 eﬁ@% familiar with other details regarding, the aregipitalan greration. Usually,
S En ot LA o

the precipita 88I§7 Sryle |s‘%h1en ISolated, uSing any conventional filtration or solid/liquid

separation tefdigugaiiiig e filtcapioniapppeatuses include rotating filters, continuous rotary vacuum
filters, cantinuous moving bed filters, batch filters, and the like. Suitable solid/liquid separation

epparatuses {ngie seniouais st eeaislydes Ihadliniecnsly @y aneaitaris then usually
washed, using conventional technidques. ‘Washing may be performed, for example, with additional
anti-solvent diteatiynoor tdidiliewidtpamativelpcirius o Sairtle Gason SRPTFIURRR 5T Sidiliquid
separation apparatus.can be mixed with additionalianti-solvenbin sstingddatieh watarred method of
washing the f%%%r{élgqéémé?ﬁrgh%ﬁﬁ géél)t uses a two-stage re- slurry and solid/liquid separation process

- technique. Infihéssemdothienizke, Frsteidecsotis/liquid separation apparatuses include continuous

- solid/liquid centrifuges.

The filtered poly(arylene ether) is then usually washed, using conventional techniques.
Washing may be performed, for example, with additional anti-solvent directly on the
filter. Alternatively, the "powder wetcake" from the filter or solid/liquid separation

apparatus can be mixed with additional anti-solvent in a stirred tank.

A preferred method of washing the filtered poly(arylene ether) uses a two-stage re-
slurry and sélid/liquid separation process technique. 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 can then be separated in a solid/liquid continuous
centrifuge. After separation in the centrifuge, the poly(arylene ether) wetcake can 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.

As ailuded to previously, the precipitated pély(aryiene ether) is characterized by a

reduced level of fines, as a result of the process described herein. Usually, the level of

fine particles (i.e., those less than 38 microns in size) is less than about 18% by

weight, and more preferably, less than about 15% by weight. In some especially

preferred embodiments, the level of fines is less than about 12% ‘py weight. As

described previously, poly(arylene ether) powder of this type is more free-flowing
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from the filter may be washed with anti-solvent in a stirred tank. The poly(arylene
ether)/solvent/anti-solvent mixture can then be separated in a solid/liquid continuous centrifuge. After
separation in the centrifuge, the poly(arylene ether) wetcake can 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. As alluded to previously, the precipitated poly(arylene ether) is characterized by
a reduced Idie} ofvfthes, highere Slaotwointexprovespoiederiveiharsaiey soampithef|i@dof fine particles

(i.e., those less than 38 micrans in size) is | 8%, Byneight ieqnpeeferably, less
than about 1 %srei??uv%%mh?rp g%’r‘g}%é legsgf)}]é%j%; E)E%%ﬁ%%%%quimgnts, thgﬁg}\?ﬁ fines is less than
about 12% by gyethbe Aslatiegctibetbpgediditiys. polthery ipelersitie prefdwae rarngs Wskers more
free-flowing 16 (i.e., with a higher flow index n ] Anunts of fines.
Consequentl@r,%ésgig/\\ff%ié}’ f;sm% ic ni%%% I dgwktfg%g{?ﬁg\}s%? gﬁ%ﬂ%ﬁéport problems, e.g., those
relating to clogged filters. Other potential problems during further processing (e.g., compounding and
molding) majtesotiesiedaswsit efithinadu(arienmetheit {eRsdidyofh@srRtafsRsHR® her) formed
by the procegs descti h%%m 62N ¥arvsgrsatiphaleame aRRlicationseiireanbeamseterred to use a
poly(aryleneﬁegtrr%gr)%gpvei\r%ya [ tr_lsi\sic \(iscsfosity%?%% least about O!y.CZO d%?e, and more preferably, at
least about q;a@(@p/lgpagth@hb@hr@@ an dntorsteMisastB el ah lsathabad el %rré‘?ér’i%‘%?‘“embodiments_,
the intrinsic visgos) '%%‘%%%S%f&? 95391%3%3 ALEXRTRIALLIBIGIIAE fersepaiinggadoly(arylene

ether) copolfmer can’now be described. The illustrative copolymer is based on a combination of 2,6-

dimethylpherspauiailp B @etriva ethbisime s, (he imansionésgasiove atlsssghatd dPisZtype are often
characterized by relatively high Tg values). The method comprises: oxidatively coupling
2,6-0"methy'&t}?@seéﬂpe&%a@mm%?y;&p&ﬁmg WSiRy AR P pAINGeg A ie peesence a
complex copper catalyst'and a solvent system comprising toluene, xylene, or toluene/>éylene mixtures,
to produce tHtegsalgdrylehbe illustrative copolymer 1s based on a combination of 2,6

dimethylphenol and 2,3,6-trimethylphenol. (As mentioned above, copolymers of this

type are often characterized by relatively high Tg values). The method comprises:
oxidatively coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol, using an oxygen-
containing gas in the presence a complex copper catalyst and a solvent system
comprising toluene, xylene, or toluene/xylene mixtures, to produce the poly(arylene
ether) copolymer resin. A portion of the solvent is then remo\_red, to provide a
concentrated solution having a cloud point Tejoyug. The concentrated solution is then
combined with an anti-solvent to precipitate the poly(arylene ether). In preferred
embodiments, the concentrated solution has a temperature, T, immediately before it is
combined with the anti-solvent. As described in U.S. Patent 6,407,200, T satisfies the

inequality:
T > (1ég-(0.296x1V+ 127 x TMP - 35.7] /

[1.97(1 - 0.00795 x IV - 0.0249 x TMP] - 10},

wherein ¢g is the polymer concentration (expressed in weight %), IV is the intrinsic

viscosity of the copolym.er in chloroform at 25°C (expressed in mL/g), and TMP is the
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ether) copolymer resin. A portion of the solvent is then removed, to provide a concentrated solution
having a cloud pointTcloud The concentrated solution is then combined with an anti-solvent to
precipitate the poly(arylene ether). In preferred embodiments, the concentrated solution has a
temperature, T, immediately before it is combined with the anti-solvent. As described in U.S. Patent
6,407,200, T satisfies the inequality: T > ((45-(0.296xIV+1.27xTMP-35.7]/ (1.97(1-
0.00795x1110,624MhTHVIBl<H3), wﬁemiafatheisﬁpe&mbyﬂmpmcémmﬁgh(é&préésw%Meight %), IV

is the |ntr|nS|c viscasijty of the ¢ r.in.chlor. t25 e ssed in o MP is the 17
2.3,6-trimeth{ P REFE ST ALY e“%‘b??o Iﬁ?gpf xvﬁrglééed in Weli(‘Pﬁ?e‘0 o?ggé%lr’ t?%h% precipitation
mixture whichoiscfarmed wheiihe tiNieatiyeintdatdambinagavithrthel atdmahtamﬁ‘gmkgmen in this
embodiment has a temperature of at least about (Tcloud - 40C). In another exemplary embodiment,
the method cﬁ‘ep@parlng a poly(arylene ether) comprises: oxidatively coupling 2,6-dimethylphenol and
2,3,6-trimethylphenol, using an oxygen-containing gas in the presence a complex copper catalyst and

a solvent sysiesachensisingliofuentodiyient, ibe umlmmda/ufjler@mbguaemiuﬁ@fmgc@}@r})oly(arylene
ether) copolymer resin; wherein the w ratio of.2,6; dlm henol is
about 3 : 1 t&SHBHEE": ‘i’“ldélgvrb’ %%Jﬂﬁggé ggfex {}nl?g? cat ’V\fltf?r}’:lrllt”}%a u%%&%irs]g ion; removing a
portion of theaﬁqiygzgammﬂmg gascmdmpmedcecﬂmmmp(heanawﬂgcam m&@abbmrms weight % of

the poly(arylene ether) ccz;sjé mey resin a ggawpgta}u IouX %Qt Tclzl ud a n the
concentrated™¥S o fHRH A PR RS bﬁ &8 ant s ONERT S precipi axte e po‘i}(ary ene ether) in the

form of a preginii@igenmixiss chpdiymenxesiplawhessinbihdimeight thaicafchhiiatethspbeinn has a

temperature of at Ieast aboyt TcI ud+5 Q)i iately befare it is.co b|n nti-solvent;
while the pre&?p%t tO meth;ldp 1s aboutg q] % ?é/ Ff Tecovenng ecm%ﬁ’f’é@rﬁ@?aﬁ

catalyst with an aqueous solution; removing a portion of the solvent to produce a
concentrated solution comprising about 30 to about 45 weight % of the poly(arylene
ether) copolymer resin and having a cloud point Tgjo,g; and combining the
concentrated solution with a methanol-based anti-solvent to precipitate the
poly(arylene ether) in the form of a precipitation mixture.  In this exemplary
embodiment, the concentrated solution has a temperature of at least about (T¢joyd + 5
°C) immediately before it is combined with the anti-solvent; while the precipitation
mixture has a temperature of at least about (T,jg,,g = 40°C) after its formation. The
precipitated poly(arylene ether) has an intrinsic viscosity of about 0.25 to about 0.50
dL/g. '

~ In still another exemplary embodim.ent, 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 a complex copper catalyst and a solvent
system comprising toluene, xylene, or toluene/xylene mixtures, 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 agueous solution; removing a portion of the solvent to produce a
solution having about 30 to about 45 weight % poly(arylene ether); and combining the
cohcentrated solution with a methanol-based anti-solvent to precipitate the
poly(arylene ether). In this embodiment, the concentrated solution has a temperature
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mixture has a temperature of at least about (Tcloud = 40C) after its formation. The precipitated
poly(arylene ether) has an intrinsic viscosity of about 0.25 to about 0.50 dL/g. In still another
exemplary 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 a
complex copper catalyst and a solvent system comprising toluene, xylene, or toluene/xylene mixtures,
to produce agpglandeng ethenaapabare beasinitideralidbe wdight matiedl2ng-giddthylphenol to
2,3,6-trimethylphenol is about 3:1 to about 6:1; recovering the complex metal catalyst.with an

aqueous sol RSIPIHRERB IV E OB AR HIMARNE O A B ERRRIe A SaIRTR FETIAE Bhalt®30 to about 45

weight % poly(asyienss %Q&Q&%ﬁi'ﬂmwﬁ@ﬁ%ﬁﬁé@m selnian ovith 13 abethansdbased
anti-solvent to precipitate the poly(arylene ether). In this embodiment, the concentrated solution has a
temperature 4&of at least about 80C immediately before it is combined with the anti-solvent; and the
precipitation mixture has a temperature of at least about 44C after its formation. The precipitated

poly(arylene giesdhasradiintinsicaiseesity af ahopisiiab tof aboet 0oBien db gowdatiemembodiment is
directed to a composition of matter, often in powder form. The composition comprises.a poly(arylene
ether), such %ﬁ%@%@%iﬁ%‘ﬁ?@?ﬁ@l&qw% 1\%@ %Lﬁﬁgg?‘b‘&ﬁaé%"% ?@‘fgqr’ree%pégrwggal?"ﬁents, the
poly(arylene gthge) fsr e@paWaET Whichreferriaineniiaidisg dhe niethybli(dyibmnpibeg ésher units and

2,3,6- trimethyl- 1,4-phenylene ether units. The weight ratio, of 2, 6-dimethyl-1.4-phenylene ether units
to 2,3,6-trimEPRAYAS B FOARS Hﬂ‘itPs %sébqulr?tg 6{1?*1131.1?1? eﬁ%o%lefo%fﬁn%gpgéa fy preferred
embodiments;thanyeighbratigl@felstreimathy Tt phighylare eff k6 diitsttyl-1,4-phenylene
2,3,6-trimethyl-1,4-phenylene ether units is about 3 : 1 to gbaqut g: 1. Thte cpglg)lyrg&{t%en has a Tg of
at least abouDIORNILA P idmh SriametEiisf SLRhTENeRT ERERUlS I SESHBROR fs MitiRREEd Tevel of fines,

as described; 1. 1n especially preferred embodiments, the weight ratio of 2,6-dimethyl-1,4-
phenylene ether units to 2,3,6-trimethyl-1,4-phenylene ether units is about 3‘ :1to
about 6 : 1. The copolymer often has a Tg of at least about 220°C. An important
characteristic of such a composition is its minimized level of fines, as described
above. Thermoplastic compositions based on any of the poly(arylene ether) materials
described herein represent another embodiment of the invention. Non-limiting

examples include polyphenylene ether/polyamide blends.
EXAMPLES

The examples which follow are merely iilustrative, and should not be construed to be

any sort of limitation on the scope of the claimed invention.
EXAMPLE 1

This example is a general illustration of the synthesis and isolation of a poly(arylene
ether) copolymer. (The temperature of the precipitation mixture in this instance was
below that specified for the present invention). The copolymer had 18 weight % of
repeating units derived from 2,3,6-trimethylphenol and 82 weight % of units derived
from 2,6-dimethylphenol. In a reactor weré combined cuprous oxide (CuyQ; 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
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above. Thermoplastic compositions based on any of the poly(arylene ether) materials described
herein represent another embodiment of the invention. Non-limiting examples include polyphenylene
ether/polyamide blends. EXAMPLES The examples which follow are merely illustrative, and should
not be construed to be any sort of limitation on the scope of the claimed invention. EXAMPLE | This
example is a general illustration of the synthesis and isolation of a poly(arylene ether) copolymer.

(The temperatiyre PNHe BretRialinn HMibka-dB his NRRMBEERS CRPWalspraiedor the present
invention). The copolymer had 18 weight % of repeati]nﬁ]units derived from 2,3,6-trimethylphenol and

82 weight % SFteinRd HeryEgiameir) 206 ubnstRIedR. kg BB oGRS EMned dditous oxide

(Cu20; 0.027 i eRiaine M HMencamichsimes AsRW RiesanRS DNIBI0 edir fy digbromic acid
(0.423 kg as 48% aqueous solution, CAS Reg. No. 1 003 5-1 0-6, obtained from Great_19 Lakes);

N,N"-di-t-butyefileheditanmeiion Colrpeol £ tsRadinEREgne! Aepdses o {&dFom Celanese);

di-n-b ,Uty'.am '1'35 GA@lﬁéég i\BBﬁB@-@%?%EtaN@dl%ﬁ? %@gnﬁqgmﬁgﬁigmgﬂiﬁﬁ@‘ﬁ%heml
N,N-dimethylbutylamine (2.675 kg, DMBA, CAS Reg. No. 927-62-8, obtained from Celanese); a

tetraalkylamridobidisghrddelseneasalient d 9P el ALy sidle v 8785 ROISBELIR¥PRom Cognis as

Aliquat); 2,6-Climgthylphangha(5:36 4k ApHiiiens soivent (JA0AAd0)aSHeRtliNe sauese of the
polymerization reaction, additional 2,6-dimethylphenol (30.377 kg) was added, along with 2,3,6-

trimethylphetom@isdsheept Gédhdghe 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

55.0C. After ihgmplelipmeithanoipeizaionieacienwiiescapprseatalys; tiasxsgparated from the
polymer by mixing the reactor effluent with an aqueous solution of nitrilot({iafeti{g acigl (g¢871 kg as a
60% solutionﬂﬁ%&%@r“@%@ﬂéﬁ?w&mm@ and the temperature increased gradually from 29

C. to 55.0°C. Afier the completion of the polymerization reaction, the copper catalyst
was separated from the polymer by mixing the reactor effluent with an aqueous
solution of nitrilotriacetic acid {0.871 kg as a 60% solution in water, CAS Reg. No.
139-13-9, obtained from Solutia). The two phase-solution was separated, using a
liquid-liquid centrifuge. The polymer phase was concentrated to 38 weight %
polymer by flashing toluene at atmospheric pressure. The product copolymer was
precipitated from the concentrated polymer solution by combining the solution (at 88°
C) in a stirred tank vessel with methanol (at 15°C) at 1:2 weight/weight ratio of
polymer solution : methanol. The resulting slurry was passed through a rotary
vacuum filter, and the wetcake was re-slurred with methanol. This siurry was

centrifuged, and the separated solid particles were dried in a rotary paddle dryer.
EXAMPLE 2

This example demonstrates the effect of two parameters on the generation of fines,
during the precipitation process. (As mentioned above, fines are particles smaller than
38 micrometers). The two parameters are: (1) concentrated solution temperature, and
(2) precipitation mixture temperature. For this example, the "precipitation mixture
temperature” parameter is expressed in terms of anti-solvent temperature. (As
described above, increasing the anti-solvent temperature is the most preferred

technique for increasing the precipitation mixture temperature).
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139-13-9, obtained from Solutia). The two phase-solution was separated, using a liquid-liquid
centrifuge. The polymer phase was concentrated to 38 weight % polymer by flashing toluene at
atmospheric pressure. The product copolymer was precipitated from the concentrated polymer
solution by combining the solution (at 88 C) in a stirred tank vessel with methanol (at 15C) at 1:2
weight/weight ratio of polymer solution : methanol. The resulting slurry was passed through a rotary
vacuum filterThnditbadetdaka avgderd-sivesedsadtiiampttiane | aThidyéhiytyngagtheantrsdgst, and the

separated solid &@f‘é‘qd%% ge&find{{% ednlsqcav{g)ctgsrﬁ yg? fmesgr{g Léi a@(ﬁ\gﬁbg Iplgﬁégém% demonstrates

the effect of f¥0 parame eneratio ng the precipitation process. (As
mentioned ahaite, dinssdifeopaiikies stnakepthast 88 nsidadrdepersieThepthionsaranictess are: (1)

concentrated soltitl ]E[Ieém S%%ure g%gd {2) E%Ci\BitaBSqQQ/m'X xfure I&emﬂfaﬁ %aq{ogpla,g(ample the
m s of anti- s

"prempltatlondh%?x u parameter is expresse ferm fvent temperature. (As
described abesejuittedemsihentise mrﬁlsanmbmmmemw@wshr@mbshmmed otgeMedyaie for

increasing the |tat|o erature). 20 Th ethod of Exa to prepare a
poly(arylene %% §rF(§)8Fr§ %g[g%lé??erﬁj av%lg ?ﬁelntrl Heic Viscosit és% ﬁjg anLtstfi‘é3 3 weight % of
repeating urusqodemepl fmmnﬁmaymsmmmﬂnenahbamwbw%e mpeﬂq}mmahmd dissolved in
toluene to gen rate a.2Q weight % s t| e |tat|o onducted b wise in a stirred
vessel prowd Ivﬁﬁ‘ge% ﬁné%"gﬁim x(laﬁr “(’)ef)%-ﬁgt{éﬁo? g ré"ﬁ"a ing s‘?t’)ee! }jfgog%ﬁgiﬁip% jt%gachleve high
shear m|X|ngp£§yt(a@y$éﬁéteﬁfehheommarimm¢mhe antisshisennoms giesef2hvwiehiedsetaThe
anti-solvent cont 78.1 weight % ethan L, 194 1 qu ne and o water. Then,
the poly (aryf&fi& eYﬁ S%I%‘P‘Tge%tf)ol Svessgt%lsao ids conc‘é } 508 fzgoﬁgﬁpvl\}/e;s added

within 2 man&a&iptm@eﬁessmhumad anfi\welighit/\weight ratio of poly(arylene ether)/toluene solution to
anti-solvent.

Sample A constituted one "run" of the combination of the concentrated solution (20
weight % poly(arylene ether)) with the anti-solvent. For this sample, the temperature
of the poly(arylene ether)/toluene solution that was added to the methanol anti-solvent
was 47°C, which was designated as a relatively "Low" temperature. The temperature
of the methanol anti-solvent was 40°C, immediately before combination with the
concentrated solution, This anti-solvent temperature was also designated as a
relatively "Low temperature”. The resulting temperature of the precipitation mixture

after formation was about 43-46°C,

Sample B constituted another run of the combination of the concentrated solution of
poly(arylene ether) with the anti-solvent. For this sample, the temperature of the
poly(arylene ether)/toluene solution that was added to the methanol anti-solvent was
72°C, which was designated as a relatively "High" temperémre. The temperature of
the methanol anti-solvent was the same ("Low") as for sample A, i.e., 40°C. The

resulting temperature of the precipitation mixture after formation was about 48°C.

Sample C constituted another run of the combination of the concentrated solution of
poly(arylene ether) with the anti-solvent. For this sample, the temperature of the
poly(arylene ether)/toluene solution that was added to the methanol anti-solvent was

72°C, as.-for sample B, i.e., a relatively "High" temperature. The temperature of the
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Sample A constituted one "run" of the combination of the concentrated solution (20 weight %
poly(arylene ether)) with the anti-solvent. For this sample, the temperature of the poly(arylene
ether)/toluene solution that was added to the methanol anti-solvent was 47C, which was designated
as a relatively "Low" temperature. The temperature of the methanol anti-solvent was 40C,
immediately before combination with the concentrated solution. This anti-solvent temperature was

also designatgetiamel islptviebnt lvaw 1bspampbars’, ihnaatistlingefero perstitraiof thigtpraeipitation
mixture after formation was about 43-46C. Sam;gle B constituted %rgother run of the combination of the

concentrated®SBRFHHA S 0KiGyIdHE affissPIVAT (5 RAAEHVER FES1EnHe S ARb I SHE R mperature of
the poly(arylepgiethenfiekeneeolsioptoatiwasmsidesh to the methanotantesslivertwas 72C, which
was designated as a relatively "High” temperature, The temperature of the methanol anti-solvent was
the same ("LBVFRAKHOR SBFHHIE 9—‘3%‘?}”&9&9%@ ﬁ"é%‘ﬂ}léﬁ&fgﬁ:rperature of the precipitation mixture

after formation was about 48C. Sample C constituted another run of the combination of the
concentrated R utiesigitapely (aixiaseiatperhinith dhe Asliseivenb: Furiisthampplepttait@emperature of

the poly(arylene ether)/toluene solution that was added to the methanql anti-solv 72C, as for
sample . el PR BT S R EGr BT IS AN A Lolvent as

about 62-64CEryRadisiely FefarepemitinaBurinih fiver,cailentiaiesh solstipplitdis Aftdrsolvent

temperature was designated as a relatively. "High" temperature (as.compared to sample B). The
resulting temJEFAHGF: 6??h@%"’r’é’&‘?§it§%f8ﬁ‘fﬂf§td¥§saﬁ'gf 8‘?m‘§%ngﬁ§8§ e%%ﬂ? éﬁ%ﬂﬁfi precipitation

mixture tempgiatdrpaNas, ieideanst antAuinouhe pieripitaionusiages I predipitaiest gopolymer was
then filtered gver a Schliccher and Scholl "Black Ribbon" filter paper on a Buchner filter, while vacuum

was applied. harves- filtration, the remaining filter-cake was washed with 1,200 grams of methanol.
Subsequently, the washed filter-cake was dried in a vacuum oven at 125C for about 4
For each example, the particle size distribution of the precipitated copolymer was

determined by 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.

FIG. | is a graph in which the percentage of particle fines is expressed as a function of
temperature parameters for the concentrated solution and for the precipitation mixture
{i.e., anti-solvent temperature). Sample A (“Low-Low™), wherein both temperature
parameters were maintained at relatively low levels, exhibited a considerable
concentration of fines, i.¢., about 32 weight %. For sample B (“High-Low”), in which
the concentrated solution temperature was raised, there was a noticeable reduction in
fines content (1o about 27 weight %). This reduction in fines content was the basis for

the invention of U.S. Patent 6,407,200.

Sample C (“High-High™) was based on the teachings of the present invention, and
included the increase in both the concentrated solution temperature and the anti-
solvent temperature. As shown in Figure 1, sam;ﬂe C exhibited a dramatic decrease in
fines content, as compared to sample A and sample B. The percentage of fines

decreased to about 5 weight % or less.
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hours. For each example, the particle size distribution of the precipitated copolymer was determined
by 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.
FIG. I is a graph in which the percentage of particle fines is expressed as a function of temperature
parameters faxthgipprcentrated solution and for the precipitation mixture (i.e., anti-solvent
temperature). Sample A ("Low-Low"), wherein both temperature parameters were maintained at

relatively low_levels, exhibited a considerable concentration of fines, i.e., ab ight %. For
sampleé ("H ﬁ-%%?i flv?ﬁ‘i%rﬁpf e? gf)ar%caegr?fpaflesgg SOItGh tem e‘ﬁggua@%%agqrﬂa%rje%g ﬁ%%?e was a
noticeable rectgiipmén hiiniag eanierin{to ebousttl 7ofaiyhtl%g). drdis SeveighoVirofimeseatngent was the
basis for the invention of U.S. nt §,407,200. Sample. C (YHigh-High") was based.gn the teachings
of the presen‘f’?ﬁ@gﬁ‘i’(}' %ak‘r'ﬁj‘amin%edghsemin creegsiﬁlﬁ %g%ﬁ%&epc‘?gr%égct? ?\évgns%lﬁiagntfggnperature agd
the anti- solvenrtébreparaslirencAs shevire in Wigwight saohierC exhibited a dramatic decrease in fines
content, as compared to sample A and sample B. The percentage of fines decreased to about 5

weidht % of 1659 e 2 CANE- Rt T MEiar! QLA RIS oy a5 ARRIRAIGE LA SRALR,P Poly(arylene

ether) random copoﬁX er having dn intrinsic viscosity of 38 mUg, and 18 weight % of repeating units
derived from fiivteduesautipleddf tResisplatk dipogvtherconpoiiiated padgmiephassEivetithttdtuene to

the goneral B CRbL B e i L o Al eraht 96
polymer in tokaempdds,akavethpardheennéthanohemtiraiot, evintionreas dxitss cohitadit/adedgout 90°

C, before combination with the anti-solvent. However, for those samples, the

temperature of the precipitation mixture was varied, from about 43°C to about 51°C.

(The precipitation mixture temperature was varied by changing the temperature of the

anti-solvent being introduced).

FIG. 2 is a graph which expressés polymer particle size as a function of precipitation
miiture temperature. The particle size was determined in-line, using a conventional
Jaser-based technique. Such a measurement involves analysis of the powder within
the liquid-based precipitation mixture. The measurement is f:arried out at a selected
stage of the ﬁrocess, ie., prior to the filtration and drying steps in this instance.
Moreover, it had previously been determined that there is a strong correlation between
the mean particle size of the in-line measurement and the percentage of fines in the
final dried powder. For example, the in-line measurement of 23 microns (Y-axis,

" FIG. 2) corresponds to a fines content of less than about 12% in the dried powder.

The data which serves as the basis for Figure 2 demonstrate that an increase in
precipitation-mixture temperature resulted in a generally-linear increase in average
particle size (dashed line). The increase in average particle size reduces the amount of
fines present in the final polymer product, with the desirable benefits described

previously.
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samples, the temperature of the concentrated solution was held constant at about 90 C, before
combination with the anti-solvent. However, for those samples, the temperatute of the precipitation
mixture was varied, from about 43C to about 51 C. (The precipitation mixture temperature was varied
by changing the temperature of the anti-solvent being introduced). FIG. 2 is a graph which expresses
polymer particle size as a function of precipitation mixture temperature. The particle size was
determined imfjoe, UsingAaoBYENienalaSRIbASRO e G IR e ARU ERBIRIEIVOIVES
analysis of the powder within the liquid-based precipitation mixture. The measurement is carried out at
a selected shHejEcstthagsiouesotificayany. tednaainatiordntl @Ry S dpYirPRi iH3taREe. Moreover,
it had previoygly hegntlejarminedhal eedea Bgssome aine beteennxhsimeamparticle size of
the in-line measurement and the percentage of fines in the final dried powder. For example, the in-line
measuremerntootas-midlbref (theagrienticarpylesrashosds hdings dsrbptet BYtaFFabout 12% in -
the dried povyglgd' Eﬂ?eg%@éﬂm%e?@f%.as the basis for Figure 2 demonstrate that, an increase in
precipitation-mixture temperatufe resulted in a generally-linear increase in average particle size
(dashed line). The increase in average particle size reduces the amount of fines present in the final
polymer product, with the desirable benefits described previously. 23 This invention has been
described according to specific embodiments and examples. However, various modifications,
adaptations, and alternatives may occur to one skilled in the art, without departing from the spirit and
scope of the claimed inventive concept. All of the patents, articles, and texts which are mentioned
above are incorporated herein by reference. 24 WHAT IS CLAIMED IS: I. A method for preparing a
poly(arylene ether), comprising the following steps:
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(a) oxidatively coupling a monohydric phenol in the presence of a solvent and a complex metal
catalyst, to produce a poly(arylene ether) resin; (b) removing a portion of the solvent to produce a
concentrated solution having a cloud point Tcloud and (c) combining the concentrated solution with an
anti-solvent to precipitate the poly(arylene ether) in the form of a precipitation mixture; wherein the
concentrated solution has a temperature of at least about (Tcloud - 10C) immediately before it is
combined with the anti-solvent; and wherein the precipitation mixture has a temperature of at least
about (Tcloud - 40C) after its formation. 2. The method of claim 1, wherein the monohydric phenol
comprises at least one structural unit of the formula Q Q1 _ O _0- Q2 Q1 25 wherein each Ql is
independentWVsRAdctE - H-68MRP froup consisting of halogen, C1- C7 primary or secondary alkyl,
phenyl, C1-C7 haloalkyl, CI-C7 aminoalkyl, CI-C7 hydrocarbonoxy, and C2-C7 halohydro-carbonoxy,
wherein at legst tWosCRIEE AR e paERREIEHR a0 SaRIAN MXYERIE Bortoantkeag’:Q2 is
independently selected from the group consisting of hydrogen, halogen, CI -C7 primary or secondary
alkyl, phenyl, C1-C7 haloalkyl, CI-C7 h éirocarbon Xy, .and C2-C7 halohydrocarbonoxy, wherein at
least two carbon at %s se?)’g v ﬁ%%’ lélgnaé?}(a]é%xg SPRE 1”319 of 4 rolent

d(\jnenpa oms 3 T RE hethod of claim 1, wherein

the monohydsigiphenolieompribesaly6t, dipeaithydp henbl(andciskhdrmmihylphenol. 4. The method of
claim 3, wherein the weight ratio of 2,6-dimethylphenol to 2,3,6-trimethylphenol is in the range of

about 1. 1to about 89 1 2 e e B of 61 Lolbie &R ELICENIBles 8 Miige P mPrises

having a cloud point Tgjgyq: and

{c) combining the concentrated solution with an anti-solvent to precipitate

the poly(arylene ether) in the form of a precipitation mixture;

wherein the concentrated solution has a temperature of at least about

(Tejoud - 10°C) immediately before it is combined with the anti-solvent; and

wherein the precipitation mixture has a temperature of at least about

(Toloud - 40°C) after its formation.

2 The method of claim 1, wherein the monohydric phenol comprises at least one

structural unit of the formula
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to about 60 weight % of the poly(arylene ether). 6. The method of claim 1, wherein the precipitation
mixture has a temperature of at least about (Tcloud - 30C) after its formation. 7. The method of claim
1, wherein the precipitation mixture has a temperature of at least about (Tcloud - 20C) after its
formation. 8. The method of claim 7, wherein the precipitation mixture has a temperature of at least
about (Tcloud) after its formation. 9. The method of claim I, wherein the anti-solvent has a temperature

of at least akpéékctand QbAGHipariiatelehefeddrbeitiiccanipnedsiiingloé ledngantated solution.

10. The method of claim 1, wherein the solvent comprises a C6-C18 aromatic . hydrocarbon. 26 11.
The method @CﬁﬁﬂamPW%@%’V@H?%}S§é§é§§8%%ﬁe o %agﬁﬂ%?&?ﬁg%f"t fuene, xylene,

and mixturespyiisEARRBIN aheastOnRiainesamdxxylehaeilat Teatnethachoh elaims 10, wherein
the solvent further comprises a C3_Cg aliphatic alcohol, 132 The metggtcd %fzdiim 0, wherein the
solvent furtheFRBAID I BB ART OBIEM BB £A7ikAtRe QonTIRSmE e st 7 e8 R thanol and

ethanol. 14. Themathashateiiar hyseiminsantcsaventisse acieshidiry Hie/psspyLonsisting of
alcohols having I to about 10 carbon atoms; ketones having ahout 3 to ﬁbout 10 carbon atoms;

alkanes haviftg $hbtR!salk Ao Lo arpRPARSS 28R & 265 BRIGTSHRSE N5 F4&t one of the

foregoing majggipls.clarddeahatesehclaiondd ouhareik faenantinsglvent comprises methanol. 16.
The method of claim 1, wherein the complex metal catalyst comprises at least one metal ion selected

from Group VIB, VIIB, VIl or | oé@ttle_PeEiodi Tablt%h17. Th na%tglo %‘O?Iaciépnlrflsge\évtbeggin the
complex metat catal ?68?%‘?@8 &Py Wherein the monohyenc p p >

dimethylpheno} and 2,3,6-trimethylphenol.

4, The method of claim 3, wherein the weight ratio of 2,6-dimethylphenol to
2,3,6-trimethylphenol is in the range of about 1 : 1 to about 20 : 1.

5. The method of claim I, wherein the concentrated solution comprises about 20

to about 60 weight % of the poly(arylene ether).

6. The method of claim 1, wherein the precipitation mixture has a temperature of

at least about (Tpjouq - 30°C) after its formation.

7. The method of claim 1, wherein the precipitation mixture has a temperature of

at least about (T pjpyd - 20°C) after its formation.

8. The method of claim 7, wherein the precipitation mixture has a temperature of

at least about (T /gy after its formation.

9. The method of claim 1, wherein the anti-solvent has a temperature of at least
about (Tploud - 50°C) immediately before being combined with the concentrated

solution.

10.  The method of claim 1, wherein the solvent comprises a Cg-C1g aromatic

hydrocarbon.
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ions. 18. The method of claim 16, wherein the complex metal catalyst further comprises at least one
nitrogen-containing ligand. 19. The method of claim 18, wherein the nitrogen-containing ligand is
selected from the group consisting of alkylenediamine ligands, primary monoamines, secondary
monoamines, tertiary monoamines, aminoalcohols, oxines, and combinations comprising at least one
of the foregoing nitrogen-containing ligands. 20. The method of claim 1, wherein: (i) the monohydric
phenol comprises 276 imetad pifedialant), 2vaerdtimithytphenol; 2éiét)dh dsalvinrt saglected from

the group consisting of toluene, xylene, and mixtures which contain at least qgne, of toluene and
xylene; (iii) th@%ﬂff-@%IQEF#E%&Q%GM%’SW&E8]5?' tﬁ%“ﬁ&%?&ﬁ%ﬂ%ﬁ%%%uﬂjaesag?;mperature of

at least abouk¢rné& after its formation. 21. The method of claim 20, wherein the precipitation mixture
has a temperature of at least about 48C after its formation. 22. The method of claim 21, wherein the

precipitation mixture has a temperature of at least aafut C after.its formation. 23. The method of
claim 20, wh(?iréin tﬁﬁ%n’ﬂ%%@eﬁréﬁ%r?ébrwgﬁs%% aelesgi]%regﬁélgp%%ﬁg%%a \?vg%ér. 4. The
method of clailip2@icvalvetein the anti-solvent comprises about 70 weight % to about 100 weight %

methanol; 0 weight % to about 20 weight % toluene; and 0 weight % to about 10 weight % water. 25.

The method giclaimy, whgisindpe iamneralieqh e ResciRiafinnMdieiscartralisd in a manner

sufficient to reduce the level of particles smaller than about 38 microns in the precipitated poly(arylene
ether), to Ies§thm01amm?8%€tﬁﬂm9@ng at least one of methanol and ethanol.

14.  The method of claim 1, wherein the anti-solvent is selected from the group

consisting of alcohols having 1 to about 10 carbon atoms; ketones having about 3 to

about 10 carbon atoms; alkanes having about 5 to about 10 carbon atoms; and

combinations comprising at least one of the foregoing materials.
15.  The method of claim 14, wherein the anti-solvent comprises methanol.

16.  The method of claim 1, wherein the complex metal catalyst comprises at least

one metal ion selected from Group VIB, VIIB, VIII or IB of the Periodic Table.

17.  The method of claim 16, wherein the complex metal catalyst comprises copper

JOns.

18.  The method of claim 16, wherein the complex metal catalyst further comprises

at least one nitrogen-containing ligand.

19.  The method of claim 18, wherein the nitrogen-containing ligand is selected
from the group consisting of alkylenediamine ligands, primary monoamines,
secondary monoamines, tertiary monoamines, aminoalcohols, oxines, and

combinations comprising at least one of the foregoing nitrogen-containing ligands.
20.  The method of claim 1, wherein:

1) the monohydric phenol comprises 2,6-dimethylphenol and
2,3,6-trimethylphenol;
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26. A method for preparing a poly(arylene ether), comprising the following steps: (a) oxidatively
coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol in the presence of a complex metal catalyst
and a solvent comprising at least one of toluene and xylene, to produce a poly(arylene ether)
copolymer resin; (b) removing a portion of the solvent to produce a concentrated solution having a
cloud point Tcloud and 28 (c) combining the concentrated solution with an anti-solvent which
comprises at least about §@yweight Yoivethansdldadarénipitate theypobdavigtenedtihdiersypolymer in the
form of a precipitation mixture; wherein the co centrate&%?ution i%?és}’g temperature of at least about

70C immediﬁ&?’ﬁe@ﬁ?éﬁl"i@%‘éﬁﬁmF}?eao\ﬂfi?ﬁltﬁtgeﬁﬁ}i‘-)%l UM EYETRthe precipitation mixture has

a temperature of at least about 44 C after its formation. 27. The method of claim 26, wherein the
concentrated solution conffifjsestabmit-28 weightirisabelassl; weight % poly(arylene ether); the
complex metal catalyst comprises copper ion, a secondary alkylenediamine ligand, a secondary

monoamine, and a tertiary,.monogmine..ik tﬁﬂmﬁ’il Joelal %Pﬁb\é%d%%%\{%%q Mith an«aqueous
solution after step (a); an&&a/herfe:?ilg:ﬁt?]g(g}g;r%c:ipltate%)IS poﬁ/?a?ylene ether) copolymer has an intrinsic
viscosity of dbefie:(it2fodhAgido. about 0.50 dUg. 28. A method for preparing a poly(arylene ether),

comprising the following steps: (I) oxidatively coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol in

the presence-gf a cemnlexUpeat LalRIVES, ANLASONE BreBrisNgRhlrastOne.pihdatkppe and xylene,

to produce a poly(arylene ether) copolymer resin; (11) removing a portion of the solvent to produce a
concentratedofalutas about 48°C after its formation.
22, The method of claim 21, wherein the precipitation mixture has a temperature

of at least about 51°C after its formation.

23.  The method of cl&im' 20, wherein the anti-solvent further comprises at least

one of toluene and water.

24.  The method of claim 20, wherein the anti-solvent comprises about 70 weight
o5 to about 100 weight % methanol; 0 weight % to about 20 weight % toluene; and 0
weight % to about 10 weight % water.

25.  The method of claim 1, wherein the temperature of the precipitation mixture s
controlled in a manner sufficient to reduce the level of particles smaller than about 38

microns in the precipitated poly(arylene ether), to less than about 18% by weight.
26. A method for preparing a poly(arylene ether), comprising the following steps:

(2) oxidatively coupI.ing 2,6-dimethylphenol and 2,3,6-trimethylphenol in
the presence of a complex metal catalyst and a solvent comprising at least one of

toluene and xylene, to produce a poly(arylene ether) copolymer resin,

(b)  removing a portion of the solvent to produce a concentrated solution

having a cloud point T,/ and
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having a cloud point Tcloud, and (Ill) combining the concentrated solution with an anti-solvent, to
precipitate the poly(arylene ether) copolymer in the form of a precipitation mixture; 29 wherein the
concentrated solution has a temperature T, immediately before it is combined with the anti-solvent;
and T satisfies the inequality T > (ids-(0.296xIV+1.27xTMP-35.7]/
11.97(1-0.00795xIV-0.0249xTMP]-10), wherein 4s is the polymer concentration (expressed in weight

%), 1V s the intrinsig viscasii af e GRPAMMISHIAGDQLAIRER AAPCCHRSIORn Mk, and TMP is

the 2,3,6-trimethylphenol content of the copolymer (expressed in weight %); and wherein the :
precipitation eARtpRedIas azrmpaiatire o gkl Yo arethon O TRIRNRIt21E00S pAtuERFHHREDN. 29. A

poly(arylene %%gj}ﬁgpg”ﬂa%rp{ﬁm%t&%n%mig&gimethyl-1,4- phenylene ether units -and
-1,4-p er

2,3,6-trimethyl enylene e its,"having an Intrinsic viscosity of about 0.25 dL/g to about 0.50
dL/g, and containing less than about 18% by weight of particles smaller than about 38 micrometers.

30. The poly(arylene ether}BeisslhferosRRE et SpRveadasoh SRS RS thah!eaBotiotSos by weight

of particles smgler thamaRayh 38 BICIORRISHS3Y it % RAtY@Ivigpesher) copolymer powder of claim
29, wherein the weight ratio of 2,6-dimethyl-1,4-phenylene ether units to 2,3,6-trimethyl-l,4-phenylene

~ether units is about 3 : 1 to about 6 : 1; and the copolymer has a Tg of at Jeast abqut 2 %C. 32. A
poly(arylene ether) prepar@d 5B REERBA IO ARF AT SPRP ARG S ?t% §’6’6‘lﬁt 8% by weight
of particles smallgi.tharsabpubs8 micrometers. 33. A thermoplastic composition comprising the
poly(arylene ether) of claim 32. 34. The thermoplastic composition of claim 33, further comprising a

~ pol id in. 30 . i
polyamide re:?_lfr‘l The method of claim 26, wherein

the concentrated solution comprises about 25 weight % to abouf 35

weight % poly(arylene ether);

the complex metal catalyst comprises copper ion, a secondary

alkylenediamine ligand, a secondary monoamine, and a tertiary monoamine;

the complex metal catalyst is recovered with an aqueous solution after

step (a); and wherein

the precipitated poly(arylene ether) copolymer has an intrinsic viscosity
of about 0.25 dL/g to about 0.50 dL/g.

28. A method for preparing a poly(arylene ether), comprising the following steps:

) oxidatively coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol in
the presence of a complex metal catalyst and a solvent comprising at least one of

toluene and xylene, to produce a poly(arylene ether) copolymer resin;

()  removing a portion of the solvent to produce a concentrated solution

having a cloud point T,joyug: and

(1) combining the concentrated solution with an anti-solvent, to precipitate

the poly(arylene ether) copolymer in the form of a precipitation mixture;
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wherein the concentrated solution has a temperature T, immediately

before it is combined with the anti-solvent; and T satisfies the inequality

T > (los-(0.296x IV + 127 x TMP - 3571/

[1.97(1 - 0.00795 x IV - 0.0249 x TMP} - 10),

wherein ¢g is the polymer concentration (expressed in weight %), IV is the intrinsic
viscosity of the copolymer in'chioxfoform at 25°C (expressed in mL/g), and TMP is the
2,3,6-trimethy1ph'enol content of the copolymer (expressed in weight %); and

wherein the precipitation mixture has a temperature of at least about

(Tcloud - 40°C) after its formation.

29. A poly(arylene ether) copolymer powder, comprising 2,6-dimethyl-1,4-
phenylene ether units and 2,3,6-trimethyl-1,4-phenylene ether units, having an
intrinsic‘viscosity of about 0.25 dL/g to about 0.50 dL/g, and containing less than

about 18% by wéight of particles smaller than about 38 micrometers,

30.  The poly(arylene ether) copolymer powder of claim 29, containing less than

about 15% by weight of particles smaller than about 38 micrometers.

31.  The poly(arylene ether) copolymer powder of claim 29, wherein the weight
ratio of 2,6-dimethyl-1,4-phenylene ether units to 2,3,6-trimethyl-1,4-phenylene ether

units is about 3 ; 1 to about 6 : 1; and the copolymer has a Tg of at least about 220°C.

32. A poly(arylene ether) prepared by the method of claim 1, and comprising less

than about 18% by weight of particles smaller than about 38 micrometers.
33, A thermopiasﬁc composition comprising the poly(arylene ether) of claim 32.

34.  The thermoplastic composition of claim 33, further comprising a polyamide

resin.
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