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 characterized by a desirable combination of hydrolytic stability, high dimensional stability,

toughness, heah Esistapsevard dieies R Ri9BRIE BoAkalee HXPIBI gh glass gansiton
- , as well a

temperature (Tg) values, typically in the range of about 15 ‘veéry'good mechanical
performance. Poly(arylene ether)'s stidA-4d" %MW@@?Wenylene ether (PPE) resins are often
used in combin further enhance the attributes of the ultimate polymer
product. For exahigh ' BOERA Torbined with polyamides. The resulting molded products
exhibit the most desirable properties of each material, e.g., excellent heat resistance and dimensional

stabiliy from thes RRERAcexceliontatiengthand ehemical fasistance:rom tne polyamide. End use
0)

applications for structural materials of this type include computer f‘?ousmg , autom ive panels, and the
like. In recen‘l“ﬁé&‘r%, fPhdSepaaredRalVABIdeRs faftrRr Mrbreese teftligin-teipipenaturencapabilities of
materials likedfigiqah@rylene 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 af jiereasing temperature ca ahilities of the polymers has been to employ certain
copolymers for:{[ﬁe%gg?y(ary ene e%e%}%ocr%nﬁl(?r%ﬂhatﬁ 3%“3%%%% ,aﬁﬁ gﬁﬁlﬁgt&ﬁltt%\"ﬁi)lication 627,466

- describes the’pijsciembinasippotferyisnk ciheRbopdlyirerscf Afdimethyiphenel and
2,3,6-trimethyiphrpolnopotyaens, ob thishiRe alg it hion of hydrolytic m*em:%g}f%;;; o

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

exhibit high glass transition temperature (T} values, typically in the range of about
150°C-215°C, as well as very good mechanica! 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., excelient hest 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-temperaturs
capabilities of materials like the poly(arylene ether)/polyamide blends. For exarnpie,
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 copolymers for
the poly(arylene ether) component. For example, European Patent Application
627,466 describes the preparation of pely(arylene ether) copolymers of 2.6-
dimethylphenol and 2,3,6-trimethylphencl.  Copolymers of this type are often
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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

variations on the general technique of precipitation and filtration have heen deyeloped over the years.
For examplec,:ﬁ g%f}r%eﬁ?elb nré]ﬁ Hggt%l %ﬁ%?%% Stfo® 5%%5%50 ?%%%%ﬁ&?ém(arylene
ether) copolysm@hy reverse-precipitation 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 isplated polymey, is.then subjected ta additional, conventional processing steps. For
example, thé’g p‘éﬁfﬁgroéyaiﬁ%%grgsét?%éjg g?%gs%‘%ré%&vﬁﬁ‘%%@%'g SWe?‘%,% fite in, and then
washed withaadditipsigirselvenst »Ebaventiohakiso ie/iqMedse par aieniteehnigwe sdfewgenfiltration, solid
bowl centrifuges, gravity.seftling, and the. like. After these additional steps, the polymer.is usually dried
by various p?%%téﬁﬁ%s%o?%?ﬁngﬁ&d%?%?iﬁ% @él‘%}!d %ﬁ?a‘i’ [ RshsaRs 8T under
atmosphericigrassgréopobduesdpresss nisinggy o ysiypesefindusitishdringrequipment, e.g.,
pneumatic conveying dryers, screw-conyeying, dryers, or fluid bed dryers. The resulting product, in
powder forma;%@g?ﬁ%ﬁc%ﬁ?ﬁ%ﬁ’fwgg %/83) %’r%@ﬂﬂﬁw PR S R S pounding. In large
commercial plants, transport is often undertaken by pneumatic systems, through a network of pipes.
The proceduvbedesvrbett aivole: grenoftbhesitable idretitidntiypenduiinglighyieldsaf the desired

poly(aryienedg%%% r g ver, there are some.drawbacks o the processes. For example, the
poly(arylene ethe %o%vgﬁhpgr'%%%é l?jr/%%esg tac ﬁﬁ%ﬁ%“ SOme r%%&‘sg%ncf’&"ﬁ%%"é’ uﬁ%%‘é?rably high
proportion ofigrovieksr tinessiadenustd ipetpimylanctartim:tfimegtiafersity solidspartcieadiaring a particle
size less thap.ab icro icromgters)., Fines can be responsible for a variety of problems
during the r%%@éggké}tgh%fr%ﬁé po yr%}é%r'; T?%%p?%ggﬁ %e?naé% j'emé%goc%?ecg%ﬁﬁui%%%%ggp the

poly(arylenendttrer) dpnrigpthef filg atimtiantbbisning stageedriries itemddpistiabnterdre processing line
filters, where they can cause clogging and an excessive pressure drop. (Filter pressure drops may

trigger alarrﬂ%gvm{%tg@%mpgygg%gj@g@qg thigvah.a tmm&émegrgﬁ]sﬁg’%l resin silo to a

silo in a compounding area). in general, the presence of high powder fine é‘lfficult to

efficiently sejfAr&taTEpgrniehFow AR fRoFchERe i bR etp)impdridtrdhs pot-sybtertsthesulting in the
accumulation;b&ings.in Ve sysiemanah daassibisdust &ISsIoNs JNE RS nsplIg§s Removal of

the fines from the filters can be a difficult and time-consuming task. Moreover, the presence of fines
can create GGBFEEADSSMEAS TSR Ho it pmntaiig hevdIvsatesiaestamitairetingregdiring the

installation ehexpensivensafetisadmiament 18 additan ieiarsrert.and;fonspiohlems;dhe presence of
fines can also result in significant problems during extrusion and molding of the polymer product. For

example, thBIRSARES: cORE AR RIEr BT eS8 IbE powirt eBntbsistaivd freporarcsomdehave the
minimum, sgliddyassiandaansity nessespRrdLRORSHEOWLHIR ARddouah an-exituder- Thus, the
appropriate shearing forces for extruding the polymer product may not be attainable when too many
fines are prgg@mnent, e.g., pneumatic conveying dryers, screw-conveying drvers, or fluid bed

dryers. ‘The resulting product, in powder form, is then typically iransported to other

locations for storage or compounding. In large commercial plants, transport is often

undertaken by pneumatic systems, through a network of pipes.

The procedures described above are often suitable for efficiently producizig high
vields 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 {mmcrometers).



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 product is made. For example, the
previously-referenced U.S. Patent 6,407,200 describes a method of preparing poly(arylene ether)rs,
wherein a portion of the reaction solvent is removed after the catalyzed oxidative reduction step.

Removal of thg,solyentportion leayes.a con ated solution of the polymer product, This solution is
subsequently combined W_ittgf)z?n anti-sg?vent%gs Ee}qﬁi: 5%9%?313%68\%51? %o%%e%ﬁﬁ%ﬁénﬁé’%&ﬁed polymer
product. TheRfbERtors Bssopissetonithathba efsxanced paterivsiscovatedpfialiflesstempsrature of the
concentratedd% iq&vgﬂ ecified levels immedjately before combination with the
anti-solvent, the%generatigﬁq i)gﬂ?‘%%é%gﬁﬁa%?ﬁfﬁeéﬁ %:nocﬁnlggg%é %Cédgﬁ}é d'® ('S PEATERITE 48 200
documents afdtssicdab binmay atior il qeiy@ait pe etberivw epasatiotrand (PIRECSSINGr
the area of fipgs, reduct] ver,additional.improvements in this area, of technology would also be
of great intere%tﬁ)- es%z%?%ﬁzﬁgﬁmé%mw ésnl%ﬂg%ghr% n sg%{)?%gﬁi&m}’ SRy nd product
quality are pregeritoMhusssinenéorenmidle ameed yrdnpioyecrotesaasHor prepasaapaly(arylene
ether)is. Theh sges should result in.greater reductigns in fines-content for the powder ucts,
and an improv@gg%i?%%pgaéée?ﬂow gh%éﬁ?et%r% UL SKBATE LY BeTBITpREMRSvith the
production ofittte bighatémderat repogryle esethe)aahily mets dissussatd abaveawhich are also in
great demang ?%?Xf More%vergt%%péo esses.should be economically adaptable to a large-scale
1l
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manufacturing facility, e’g., Without Significant CAAnYgEe § efg%ﬁP@j@ﬁrﬁct@%@3}3’\:"&8@g%%ﬁWequirements.
Futr)thermolrle,ﬁm‘e Ma&rpmpémieﬁiﬁmpm;;btf W@@{@ﬁg&)@ﬂ@y@ b(; ;
substantiallymaintained.. SUMMARY A method for preparing a.poly(arylene ether) is described. In one
aspect, theréﬁgﬁg%)ﬁé%/jigéggtg éjﬁle r%HFf?S‘r"B?‘ép aﬁn@%%%&%%&ﬁ%%ﬁﬂ?ﬁ&%ﬂ@?@‘fﬁ% fllowing steps:
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 shearing 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 fnes 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.



(a) oxidadvely coupling a monohydric phenol in the presence of a solvent and a complex metal
catalyst, to produce a poi y(aryiene ether) resin: (b) removing a portion of the solvent to produce a
concentrated.sqJutio i oiy(arylene ether) cancentration of about 30 to about 60 weigh:
percent ar:g%‘ c(;%ﬁ %Oi%w;%ﬁﬁl §%‘§§§ne¥%s(c% om %ﬁfﬁoél?h%z%%%aggﬁtrﬁé%ouégﬁ%ﬁem "Ah anti-solvent to
precipitategipapaiiynaytc pecetheny in tspdarihyvolm tire cipitatid finextraduanbereiHdweveoncentrated
solution has, a temperature of at least.about (Teiacl 0.C. imme@ria ely befqre it is.combined with the
anti-soIverﬁ@%ﬂﬁ’%@gfﬁ\{ﬁg%%@p%ﬂﬁgﬁ% tﬁ?%iwggogytgf% &ﬁﬁ%bgf(g%%tigw Thou,/ after its
formation. éspesieiBmbaginenitite iretheskeomprisesdHiiddodowngusieprlds andgredidatively coupling
a monobydric_phenol in the p{%ser%ge of a sqlvent %Q£ a C.orgplex etal cataliyst, to grgoduce a

poly(aryl e%fﬁeﬁqgﬁﬁ?ﬂt s, there remains 2 need 107 mmproved processes 10T preparing

poly{arviene ether)'s.

The new processes should result in greater reductions in fines-content for the powder
products, and an mmprovement in powder flow behavior. The processes should also be
compatible with the production of the hightemperature poly(arylene ether)
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 requirernents.
Furthermore, the overall properties for products molded from the polymer material
should be substantially maintained.

SUMMARY

A method for preparing a poly(arylene ether) is described.

In one aspect, there is provided a method for preparing a poly(arylene ether). comprising

the following steps:

(2) oxidatively coupling a monohydric phenol in the presence of 2 solvent and
a complex metal catalvst, 1o produce a poly(arylene ether) resin:

(b) removing a portion of the solvent 1o produce a concenrated soiution
having 2 poly(aryiene ether) concentrationn of about 30 to about 60 weight percent and
a cloud point Typg: and

{¢) combining the concentrated solution with an anti-solvent 1o precipitate the
polv{arviene ether) in the form of a precipitation mixture:
wherein the concentrated solution has 2 temperature of at least about (T yew~10° C.)
immediately before it is combined with the anti-solvent; and
wherein the precipitation mixture has 2 temperature of at least about T, after its

formation.

In one embodiment, the method comprises the following steps:



(b) removing a portion of the solvent to produce a concentrated solution having a cloud point T cloud;
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 (Tcioud - 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. In one
aspect, there is provided a method for preparing a poly(arylene ether), comprising the following steps:

(a) oxidatively coppling &,6agi I -trimethylphenol in the presence of a complex
metal catalyst an(EjH9 a solvent C{Eﬁwgﬁgg % ?gggpéﬁg%&c t%}?]eén#e?gr%&cx?f’gﬁ%’; “&%8%?8@‘5 poly(arylene

ether) copBRrA&CraRie: me| By Vrigeiperiambfthdeseledrt tespieduce a concentrated solution

{b) removing a portion of the solvent 1o produce a concentrated solution

having a cloud point T, and

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

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

wherein the concentrated solution has a temperatare of at least about (Telgud - 10°C)

wmnediately before it is combined with the anti-solvent; and
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having a poly(arylene ether) concentration of about 25 to about 60 weight percent and a cloud point
Loud: and (c) combining the concentrated solution with an anti-solvent which comprises at least

about 50 weight % methanol, to precipitate the poly/ arvlene ether) copolymer in the foot, of a
precipitation mixture: wherein the concentrated solution has a temperature of at least about (Tt401.-10
C.) immediately before it is combined with the anti-solvent and wherein the precipitation mixture has a
temperature of at least about (Td",,,, 4-10 C.) after its formation. In another aspect, there is provided a
method for preparing a poly(arylene ether), comprising the following steps: (1) oxidatively coupling
2,6-dimethylphenol and 2.16-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:

(I removing a portion of the solvent to produce a concentrated solution having a poly(arylene ether)

concentrati@gepéigq‘géj}”%% %agtbout 60 wejght percent and a cloud point T cloud; and
?5 100 mixtare 18s a temperature of at least about (Teloud - 40°C)

after its formation,

In one ' i
aspect, there is provided a method for preparing a poly(arylene ether) comprising

the following steps:
(8) Oxcidarivaie : .

(a) oxidatively coupling 2.6~d1msﬂ1ylphenoi and 2.3,6-u“imethviphen l'in th
presence of a co : ' ot
) mplex metal catalvst and a solvent comprising ar least one of tolue
and xv ) N

vlene, to produce a poiy(arylene ether) copolvmer resin;
removi i :
" (b) mg a portion of the solvent 1o produce a concentrated solution
Ving a po '
g a poly(arylene ether) coneentration of about 25 10 ahout 60 weight
a cloud point Ty and A
¢) combini i
(c) combining the concentrated solution with an anti-solvent which compri
at least about 50 weight % o
» methanol, to precipitate th
| , € poiy{arviene ethe }
in the form Ipitati i ' .
of a precipitation mixture: wherein the concentrated solution has
temperature of i a
D ¢ of at least about (T cioug-10° C) mmmediately before it is combined with
i med wi

the anti-solvent: S itati
: and wherein the Precipnation mixture has 5 temperature of at }
about (T . +10° C.) after its formation. -

. . .
n another aspect, there is provided a method for preparing a poly(arylene ether)

comprising the following steps:



(111 combining the concentrated solution with an anti-solvent, to precipitate the poly(arylene ether)
copolymer in the form of a precipitation mixture; wherein the concentrated solution has a
temperature T. immediately before it is combined with the anti-solvent: and T satisfies the inequality
)-(0.296x1V-1.27xTA4P-35.7111/[1.97(1x0.00795x/11-0.0249xTM/1-10). wherein Os is the
polymer concentra(tj ng%égrv%ﬁed inlweight %). 1V is the intrinsic viscosity of the copolymer in
chloroform at 25C. (%xpresse NTHEASR st inhenz]abdttmetninberabicanient afihe

copolymer RERpressetananeiiht fanastariersin th cipitation mixture has a temperature of at
least about,amy gftet its formation. Another embo%%%%ﬁ?&?@%%&%a@@@ﬁ@%er)

copolymer powder, Comprising ez?ézagﬁg%}y“ﬁl?ﬂ‘@ﬁéiﬁylﬁmmethﬁmnits and
2,3,6-trimethy1-1,4phenylcne ethetionits. dhe,cang! mer sually has an intrinsic viscosity of about
0.25 ciLig tg,ahgut 0.5 dLig, and contains less than a O%Ttoﬁéi‘% By Vet heelictien smaller than
about 38 micromieters; - o CHeT) concentration of about 30 1o about 60 weight percent and

a CEOUd pOint Tc!oud; and N

(1lI) combining the concentrated solution with an anti-solvent o precipitate
the poly(arylene ether) copolymer in the form of a precipitation mixture:

wherein the concentrated sohition has a temperature T, immed

| . | lately before it
18 combined with the anti-sol } '

vent: and T satisfies the Inequality

T>([®-(0.296x7V~ 5
(s®-(0.296x7¥+1.27xTMP-35.71 1)1 I7(1x0.00795571-0.0249x T44P)-1 0)

wherein @, is the polymer concentration (expressed in weight %), IV is the

Intrnsic viscosity of the copolymer in chloroform at 25°C. (expressed in mL/ ), and
TMP j 2.3,6-tr1 o
is the 2,3.6 trimethylphenol content of the copolymer (expressed in weight %);

and wherein the precipitation mixture has a temperatur

e of at least about T :
formation. clond AftET its

Ha



Further details regarding the various features of this disclosure are found in the remainder of the
specification. BRIEF DESCRIPTION OF THE DRAWNGS FIG. 1 is a graph depicting the percentage
of powder-particle fines as a function of ternperanue parameters for a polymer-precipitation

experiment . 2 is a graph which expresses polymer particle size as a function of precipitation
mixture tem'%%%ﬁre%@i%ﬁgvﬁbég TOR Grolylae s ERITEO Nodpolernes gfogeheral structure,

the poly(argemerather),pelynedig whicheanhe RrRRASH: treate rding to this invention are

known in the, art. Man%them are described in U.S. Rat?%%sf’%ggg?ééﬁ?%%%@?ﬁé%d 3,432,469

(Flay); U.S"Pat NB-4, 806, S0P RIS Sy, simp swrigsicl 868297 ¢Brbumn 81al)iUgSiPat. No.

5,294,654 gretistemdBineibiedokliiad tddiSmPab N o 8,407 . ingh et al), all incorporated herein

by referenc%. Tt;fﬁs%é)olymers are usually prepared byﬁ%ﬁ%%@%%pﬁ%@ ﬁ%#ﬁj%ﬁ% phenol, using
Ini

an oxygeniacooﬁff %%e presence of a solvent and a complex metal catalyst. The monohydric

phenol comprises at least one structural unit of the formula
Further details regarding the various features of this disclosure are found in the remainder

of the specification.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph depicting the pereentage 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

IXIUTe temperamre,
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-Bumel] 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 pheno] comprises at least one structura] unit of the formula
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wherein each Q1 is independently selected from the group consisting of halogen, C1- C7 primary or
secondary alkyl, phenyl, C1-C7 haloalkyl, C1-C-7 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-C:7 primary or
secondary alkyl, phenyl, C1-C7 haloalkyl, C1-C7 aminoallcyl, C1-C7 hydrocarbonoxy, and C2-C7
halohydrocarbonoxbzwhereln at least two carbon atoms separate the halogen and oxygen atoms. In
some preferred embg drmentche monohydric phenol comprises 2,6- dimethylphenol (hereinafter
"DMP") and 2,3,6- tr| yethylphenol (hereinafter "TMP"). The DMP and TMP may be used in any
proportion, from weight Tatios of 99:1 to 1:99. However, it is often preferable to use a DMP/TMP weight
ratio of about 1. 1 1@ 0. L. The oxidative coupling of the monohydric phenol uses an
oxygen-containing g IZh is typlcally oxygen (02) or air, with oxygen being preferred. As
mentioned above, *i“m nghydric phenol is oxidatively coupled in the presence of a solvent. A wide
variety of solvents may be émployed. Non-limiting examples of suitable solvents include: aliphatic
alcohols, ketones, phatic and aromatic hydrocarbons; chlorohydrocarbons, nitrohydrocarbons,
ethers, esters, amides, mixed ether-esters, sulfoxides, and the like. Combinations which comprise at

least fthe f | viding they d ti ith t t
tho oxidaton SO & pF IR ARSI (e BN REIBINEDE CerCe atcthatic
hydrocarboningiidiag; f@rsem@iﬁamjmmn&w@le@ /a}ﬁﬁidﬁeylkejgaﬁé ambraies! fiereod A highly

preferred solyent is t luene. n the m "solvent” is meant to defipe a single solvent, or
two or more égﬁ gﬁ% RSS! e#?er%? Pﬁ%"@ We%%"ﬂfﬁg %%@ﬁt%ﬁﬁ g%ﬁ‘rﬁmses at least

one aliphaticsalechel ﬁ}k@hm@mﬁds@ygm tosthe m)daﬁquﬂeﬁmﬁeﬁﬁeﬁﬂmm@@@xﬁm@les include
C3-C8 ahphag%c alcohols such as I isopropanol, n-butanol, t-butanol, n- penta ol, and the
like; as well 28CBMHIS é’ﬁgﬁg%‘?‘ﬁ%ﬁfﬂ et &ﬁ%h? b&%gqmdﬁﬁﬁe%‘b 5?@ preferred

alcohol of thig{ye ishaibaiianol. (Ipejeolmmcm&y}turthe@pmwgﬂs@cm‘eaaaml omeihan@cwhrch act as
anti-solvents for %ﬁ,g{p %é g/lene ther FCG -C18 aromatlcgﬁédrocarbon the C3-C8 %Ilphatlc
alcohol, and e RYEIREREP a§ &b SH IR ARSI SRSBH S PRlgarEvaRdt is
sometimes pegfgredithat. the solvent comprise at least about 50 weight % of the C6-C18 aromatic
hydrocarbon. In some especially preferred embodiments, the solvent comprises at least about 75

weight % of tﬂle %Qﬁ%l ?’K%QQ(E'C Q%% %%%%?sn the monohydric phenol comprises 2,6-
dimethylphenol (hereinafter "DMP"} and 2,3,6-trimethylphenol (hereinafier "TMP™).

The DMP and TMP may be used in any proportion, from weight ratios of 99:1 to
1:96. However, it is often preferable to use a DMP/TMP weight ratio of about 1 : 1 to
apout 20 : 1. The oxidative coupling of the monohydric phenol uses an oxygen-

containing gas, which is typically oxygen (O9) or air, with oxygen being preferred.

As mentioned above, the monohydric phenol is oxidatively coupled in the r)resence of
a solvent. A wide variety of solvents may be employed. Non-limiting examples of
suitable solvents include: aliphatic alcohols, ketones, aliphaiic and aromatic
hydrocarbons; chlorohydrocarbons, nitrohvdrocarbons, 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-

C1g aromatic hydrocarbon, including, for example, toluene, xylenes, and the like, and



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 described, 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;
4,755,566; 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, VI, or TB of the

Periodic Tabjg;:andscombinationsdhiereaifotdhasesrionstofeheoniumymanganeste cebalt, copper,
and combinations comprising at least one of the foregoing ions, mag;@{be preferred, with copper ions

(Cu+ and Cuy*BEifY HyPRABrSraRSE THEEDAMIER e TR APLE SOMEMT MEFFIREREEEdmprise a
nitrogen-containing ligand. The nitrogen-containing ligand may include, for example, alkylenediamine
ligands, primaryonenadminesyisetendarynnonhaninesr testansasioneaiijhes: amihohtbahols, oxines,
combinations comprising at Igasl,%géone 0 th? fore oi%g Qitrqgeng.congainingmliga dgé %ngéhe like. A
variety of spé%i?ié) Satpidt &t erﬂﬂ} Eontaini g |.8’§‘nd’§1ai?§ ﬁjr{g‘%gé’ ihe pa it referenced
above, such gisshhic Rlatdoltsday 200 pNeaniniilgresarpleshofthg, aliyienelliaminedigands include

N,N'-di-t-butylethylepnediaming and N,N,N!,N1- tetramethyl:1,3-diaminopropane. Nan:limiting examples
of the primarg LTSS Bl SETRING, SERBUSHIFS! SRy BN ERTTARE AN n-butylamine
being highly grefiested. ANerefimiing &tainpfes:nf #ie Secoboanyaminesssickidexdivnfdpsdamine,
di-n-butylamine, and di-t-butylamine, with_di-n-butylamine often bei referred. Non-limiting examples
of the tertiarf%ﬁé%%&ﬁﬁﬁéﬁ i &C&iﬁ?é%ﬁ%fﬁglt%%f#@,@%#%ﬁ*gg%‘%ﬁgﬁ% ertiary amines,

with dimethyl-nbutylamine being highly preferred. Non-limiting examples of suitable aminoalcohols
include N,N-Tlethyiethanotaminehristhabotaniingzafig Miphsaylbtianoiahihe sGmdirmiting examples
of the oxines aglyde gyine apd Smeliviavine, vateus.combinations.olanyatbssaamines, and
compositions WhICh Contain auch comblnatlon%, ay also be used. Most 0 the ni rogen-containing
ligands mentibztethabmiesnivremprieserit, imaly Heusdd avebbue .01 thalbaiC2s mrotestiser 100 moles
of monohyciric phenol. The tertiary monoamines may _be used at ahou 500 moles per
100 moles ofh %\‘%ﬁ%aﬁ%o ric g’?wes?io? §Squ%z(l)§ﬁ 8?%5%%?%&% 8%?&%ﬁt%%§§§%ﬁh% tr ess,]eés rggr)lges may be
made by tho$eofabrdinzrwsightibetbetertCytheutromdtie lexjpesimentation. The selected concentrations
may reflect the presence of other reaction components or products, such as water, that may affect
catalyst efficigney..f StuialsMalarrainQb ey fripcatalystimeasrd.A3MAles of metal) to
phenol is about 1 : 50 to about'1 : 400, with about I : 100 to about 1 200 often being preferred. The
complex metedBaiglystesystat viayCalisiany, firtheriaguneikranadiofiestiéh a8hfsfide, bromide,
or iodide. When-employsd:halide iong may Re.supaliedde. 118 66aeton sixisre, inthedosm of an alkali

metal salt or an alkaline earth metal salt, at a concentration of about 0.1 mole to about 150 moles per
100 moles ofabﬁ%@%\yﬁgnﬂ@m: 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 combinations comprising at
least 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-comtaining ligand may include, for example, alkylenediamine ligands,
primary monoamines, secondary monoamines, tertiary monoamines, aminoalcohols,
oxines, combinations comprising at least one of the foregoing nitrogsn-con{aining

ligands, and the like.



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-butylethylenediarnine,
di-n-butylamine, and dimethyl-nbutylamine. 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 pogiaarRkine Bly(AEiQHe IR MORRMEHSIHha:SRERIeXR slalsatalysti-Ang any other

conventional components, such as surfactants and the like. A stream of oxygen or an

oxygen-conta Jalrarahahme istrddticEFintatane sudnPy Sdsetlimitrerasrapinsinder of the
poiy(arylene giherkmenemenis agbed ayvend penedl. imethesegmensce anctsshrdse for |
monomer-addition can vary considerably. Polymerization can then be carried out, until a polymer with
the desired nifSfeBtay WetgheRiopRsTan: AN SR HBI SR saamrie BFttmBEREBNTI9BERTMBRZation can be
carried out ag;@ bUlRHIACERS QEARARHAHALS AOCESRRERS RRYMerizRtioR.rRcess ognditions, such as

reaction time, temperature, oxg{gen flow rate, and the like, may be modified based on the target
m

molecular welfitaidsRaRdm e ot s aNE Snapsint srevrdpolyamdrsstorudryitanveniently be
determined Vﬁ?@p?ﬁﬁﬁﬂ&?%M‘ﬁﬁﬁ@%ﬁﬁ?ﬁte&@gﬁlﬂa{%&ﬁgﬂéﬁa%m%%@%%ﬁ%@%&PBQH@”Q the
process. Examples include: making molecular weight measurements, ranning to a prede"fermlned
reaction timeP"&freontrdiffgimitinghssiae en@gidapietiice mraition. elwse iawhotsmiaintained during
the polymerizgiion, 08 .caR¥aty significantiy. e griffomapeut Qi abuhdSG, Within, this range, a
polymerization temperature of at least about 25C is often preferred, Wifh a preferred maximum
temperature BFElssURSSenahiahhparafured shissthmisng Rigneriehan abbitcosTneidobelictions can
occur, leading, i, e3¢ HeR; DY REAdIGIS A SMPBEABIFAR AL BRIRRUAIN-IQWEL Ihan AROYE QT ice crystals
may form in the solution. The polymerization process may further include the step of recovering the
complex methFéttaly stampican agubbueeRatidcuds desmibaadn brsipdeaine 6,467200 and
3,838,102 (alspincarparated heyeliybyreference), aide yariehiof extacianisonshelating agents
may be used to complex with the catalyst after the end of the polymerization reaction. When these
materials areca@ERighasyIgirPRmEther) reaction solution, the complex metal catalyst becomes
poisoned, and further oxidation does not take place. Non-limiting examples of the extractants and
chelating agenég:ibeludesdferiCapidnagaticaasidmamineaiuay saltshbisiiiaie: salis rndyarious
polyfunctional carboxylic acid-containing compounds. Preferred chelating agents for some
embodiment&iABAT S Shhifethatian iRt ated CL a0 BT RPBrRitiot c A& {EFERY, or various
salts of thesenmatetiales MixjurRs which: caspprise: indivigsial exisactanis gfeshalatingagasits could also
be employed. Furthermore, as described in U.S. Patent 6,407,200, the chelated metal catalyst can be

extracted witR MEWREGFEG0EF T HRR FolfRISRZ Al tPRESRTRHO 15y ity thehe FaAR R ¥entrifuge.

Alcohols or watetsglcbhahBixivf esdae-o RN usedasthexbaciamiaxisk-he pabinergation reaction
medium may com%ise an aqueous environment. As described in U.S. Patent 6,407,200, anti-solvents

can be used i ESHbRORASH AR ENEE, d (6 A6 HENS AU T HE ISR pRTIBAPS R th@copper (1)

species. Thepasti:se|v@nsaisestdr) this stagermie eftendovrpelrsulayr weight aliphatigiand aromatic
hydrocarbons, ketones, alcohals, and the like. Those skilled in the art would be able to select the most

appropriate $FBPARH BRBUFREY SntFEEREH 5 BRIy i @adBPaeaghis 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, such
as chloride, bromide, or iodide. When employed, halide ions may be suppiied to the
reaction mixture in the form of an alkali metal salt or an alkaline earth metal salt, at a
concentration of about 0.1 mole to ebout 150 moles per 100 moles of phenolic

Moncmer.



In preferred embodiments of this invention, a portion of the reaction solvent is removed after
polymerization of the poly(arylene 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 as DMP and TMP, the concentrated solution has a cloud point, "Tc/oud". (As discussed
below, homopolymets safsomANRERXNIRL aclpid Rolali asield cotiieiclowdpaincl cloud s a
property of the polymer solution, and is a function of polymer concentration and molecular weight.
Tdaud correspendsno thiyiarpsidaminiee dgaritichausigndisirsoobsensd ford cool@iganiution of a
poly(aryiene gilienthe Telongin iplianeed dosanonsiaciamskaibas ha Relyiaprene ethen's
monomer composition, intrinsic viscosity, and concentration, as well as the identity of the solvent being
employed. AdetaiiedgrocedtiFdifobdetefimiennd Folvad foralyitémrsactiendsystermitiyiprovided in U.S.
Patent 6,407, %Rgmjlﬂz%rief, the ;loud value for a specific poly(arylene ether) dissolved in a specific
solvent may Ee etermined by preparing the solution in its homogeneous state, and then gradually
decreasing the temperature until turbidity is first observed. By measuring Tdoud values for variations in
poly(arylene CEHERSHEHBIIEISCEIM BESHEh Snrtialbn rsesityha e DorvkRG £ib%1) it 18 P6BSible to derive
an equation relating, Igloud 1o these sarables,dqr-anynaluiary|ene etkeRisqbieniisystem. The
pre-concentration step mentioned above is usually carried out to produce a concentrated solution
having abouP2uifs aGHE GONEIIFNgCHTM eTsBIiEmen B e thErp Foleie CAHs AN A he most
appropriate pehyarylrng. eigridevehdapends on.varieus fasiars.Sue as dhe.hne ofngivent used, and
the intrinsic viscosity of the poly(arylene ether). The minimum concentration for some embodiments is
preferably atdeasrbetR-25 eElbE o5, @ndioRs prarsiasy e Bgdeapim 9owWeighHosThe maximum
concentrationfas;same, embodimenisds cls abiy-Ahaut Saweigh%. Ardmare-pLeferably, about 50
weight %. In some especially preferred embodiments, the maximum weight % is about 45 weight %. In
terms of the TdvgcMmensarbprelet gsBessawapBlisoheprercoprsHieatdy stobmsfai¥arred out at a
temperature of aleast é%&%%ﬁfé?&}nﬁ?%mﬁﬁé%r&tﬁéﬁeﬂ%f@%i 1af 8hlg@skiabout (Tcloud

- 5C). In a more preferred embodiment, the temperature is at least about (Tdoud), or at least about
(Tdoud + 5CY:arihsmakEighIjrplefertetneprtiinRIE tHeain peraisr64878¢ |eds ealso T cioud +
10C). Any SH}I@CQL% g;%tlaglgﬁmogg%ggg&entration 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 abgve about | atmosphere. (In this manner, no boiling takes
place in the ﬂﬁ&wm@w&%ﬁf%ﬁ%@%&% PR 51 T R en BEAERE 8 %EBwer pressure
and temperafiye, mherally vapidz ationtel aslhstabtiakpentios of-tee solveriuiakeiplage The
required heat-ofvaporization is_supplied bﬁ’ the hez%l tgansf?rredjn the heat exchan%eir, %s sensible
heat of the Smaﬁgﬁl‘m‘ gsmposxtzon. The e dpom‘t ol the po ymenzation may Convemg tly be

determined with an in-line viscosity meter. Other procedures may also be carried out

during the process. Examples include: making molecuiar 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
ieast about 25°C is often preferred, with a preferred maximurm temperature of about
55°C. At temperatures substantially higher than about 95°C, side reactions can occur,
leading to reaction by-products. At temperatures substantially lower than about 0°C,

ice crystals may form in the solution.



The process of this invention further comprises combining the concentrated solution with an
anti-solvent, so as to precipitate the poly(arylene ether). The concentrated solution preferably has a
temperature of at least about (Tcioud - 10C), 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 tempekatur least %Bou Tci u%{@%at his stage, immediately befare it is, combined with
the anti-solvg??if%J ﬁ% eve%ﬂigrl ergg% e%%% S. }ai%g}r‘lltésgﬁﬁ%@o?@%gﬁvﬁ%ﬁ%%pe%%res may be
utilized in som&dhstaigssvEorexgnepls, @nespediallyeprataden teffaratty & 40T, 206udhdvith a
temperature [ 5C) being employed at times. 'I(})e mast preferred.temperature in some
Stutions s 01 b 0 A e e e oA L o
specified forthgdime period mamédiately beferegembinétidre withaitye afiti-shlvent! "fnhediately
before” In this context means the speslfied iemperature as tiscomblnedaih the ansgivent. As a
practical mai?er?’%e emperaature of the concen ratteg solttion may be Geterniined &t any’time within
about 30 seceadsofsniixing thiththeyBrtirstll entl Y bthemeayodeeeiressifgtthe defdgesature limitation
is to say thatd'g:peg process i:a%@prises removing a portion of the solvent to produce a concentrated
solution having a'clou p%lnt Teioud, adjusting the temperature of the concentrated solution to at least

~ about (Teioud - 10C), and combining the concentrated solution with an anti-solvent to precipitate the
poly(aryleneléghdiynitmna prateire b bodimennitheéohchirategeat| itidndsasiiwempddature greater

than T cloud, and is homogeneaus immediataly hefore, itis mixed wi IS omogeneity
of the solution ‘corre{:sp’o‘nds to the absence o?any tur’b%ﬁtﬁée ﬁﬁ%&?tgr? m%%/é%%ggéétermined by
the same vistfad-gbstiwaniprerecimitiies enplowdd dbelTomudgioterfinatios. krdodicesisecially

preferred e ime t '[g%gﬂsl Tej .+ iS. maintai in the
poly(aryleng‘i g%qé%-é%%]a%]%%%%o gcggr% f%% t%%gg b glnn‘érég%]fo{ﬁugéﬂ&%%eégﬁa%%% ﬁg‘%’o {ﬁe moment
immediately Yrefove tabisedultng wetrcaitratdiksohstivhiid combirsdinditiidhd antizstluentrin some
embodiment : t f rated solution is at | t. eferably, at
least about 7%%&?\1/%2%%%55&% y,at geggr%ﬁp%]rza) G(?é i§ ga]{[dfg?argéﬁaebgftggé%%g%ﬁ r%%t’ %{rjag er{ably, at least
about 90C. (4o Beadiedi et ar el itrissbEah&h ormeply vish Pulyyaie: ginbibeilia thephenylene

ether) in aroAli SAGNLS suelka talyeng upicall, g Aot qehitiL A fiaud Pojtf gept, possibly, a

relatively low temperatures. Rather, as such Solution he homopolymer are concentrated, they may
fon, a gelatinais/pliabel withvarshes dioranedetithpartivlesashiaguisteristic of a cloud point). A variety of
anti-solvents may be combined with the concentrated solution to precipitate the poly(arylene ether).

Non-limiting examplgsdichide alceholshaving 9a¢ RABAYL 180 LAILAR Alamsnsieh ag methanol, and
the like; ketones having three to about ten carbon atoms, such as acetone, and the like; and alkanes

having abouffRF& RsSBbt Teh®aibbAtidhts 28tar e e can & st tHeprebieasivihiRihdRe comprising
at least one gfbsuforeaRiNG: ainSEMRNBMRAYAHES:RE SMEeYapdr RIptgad:antiRoleNt comprises

methanol, e.g., a solvent mixture containing at least about 50 weyggm;]t % methanaol (i.e.,

"methanol-bSSRAMSE AREHR, [HerEet] dRtPESR AAY rBIwark e B SRR RPREt O ARGHEREEH6 UL 70 to about
100 weight %yaethansls Ateoaboul2Rneight t-takenghandsQiiRabpiH-10: WRighit % sater. The

anti-solvent may be employed at a range of amounts relative to the amount of the grganic solvent, with
the optimum‘ Qe B FERbARTSRTRE RIBRATESTOHE BrGARIERBHIEM 4RE ERIITSEIFEHE S well as the

concentratiogatrinsic viscosity, and

In preferred embodiments of this invention, & portion of the reaction solvent is
removed afier polymerization of the poly(arylene ether), to produce a concentrated
solution. This concentration step, sometimes referred fo as "pre-concentration”, is
often cammied out after removal of the complex metal catalyst. In those instances in

which the poly(arylene ether) is based on a combination of monochydric phenols, such

10



monomer composition of the poly(arylene ether) product. For example, when the poly(arylene ether) is
a random copolymer having an intrinsic viscosity of 0.36 dL/g and a composition of about 82 weight %
2,6-dimethyl-L4-phenylene ether units and about 18 weight % 2,3,6-trimethy1-1,4-phenylene ether
units; the organic solvent is toluene; and the anti-solvent is methanol, a toluene/methanol weight ratio
of about 1i 1.5 to about | 5 may be suitable. The precipitation mixture which is formed when the

anti-solvent is ¢ 'iped L}J?\?I]pe oncentrated solution should have a temperature of at least about
(Tdoud - 40C). after itsa?grvma |o’n?'% SRR mS,éJ}gﬂg? i&#oﬁrﬁiﬁ%%"pagﬁeréih}meiers {6:the specified
temperature absivgstidebtiive, peragélywhichatherartselventis campaingsiwith hgconcentrated
solution. As a practical matter, the temperature of the precipitation mixture is usually determined at any

time within abgyt g minutes t%e 2ginning_of the stage.in which the anti-spolvent is comhbined with the
concentrated solution. I% mta?lff e?'cfgrg&j e @Jd?ﬁ?h?s%?ﬁé“ﬁ?esﬁﬁ?é’ﬁo%iﬁ& 58% t8mperature of
at least about{F B eHcOBGBraliar siformvation, endmoie prefecaliycatileashabaubédond - 20C) after
its formation. Jp.spme iments, the precipitation mixture has.a temperature of at least about
(Tdoud) after its formgﬁn&}% ﬁ%g%ﬁg?é%’?‘%gg‘fg asﬁ%%f%%?%%%’e??e?,@g‘ R dchrediPftation mixture
temperature i$ dbat 2800w thamrthesboding, peidt af thdsebieaiyixtlegiceiieninRanto the

complication %g.ﬁ ' en the solvent and anti-solvent begin tg evaporate on a large scale.
However, in othe# eﬁngg’d?r%%%éy?eyg’foﬁ%naﬁe Kl Etﬁ%%ﬁ%’n%f"fég BOIRERAERE e the
concentrated $étetiohds fowepithad. usudk{idedxamplrinftheimageoiatoyl 15mveight, % to about 25
weight %), the_temper f the precipitatiop mixtur Id he as hi s about (Tdoud + 10C). In
those instances, %p@ﬁn%% 5%?@%@@&% 3%%n¥f§?%%§}é;rﬁ%%d%gﬁ?%dV & E8rexample, the
precipitation Spstéfin (e gections ther of)ssaluted he apgredsit: uRtiempressuse. ddefuibertljustrated
below, the pr i anto ave discovered that the increase.in precipitation mixture temperature (as
compared to %rlgr a@procserzcglsﬁélg clgH%&ﬂﬁ?ﬁ%@%%ﬁ?%éé@aﬁ?& RGBT ¥ifES B &Rt techniques
may be availdBfesotninging thetpdegipitafion wixtavedemperatdseutentherpreseriangievs), and
maintaining it gf.that level. For.example, conventional equipment may be used to heat the precipitation
mixture in the preci%gxl%affgnp 85@%%%%‘5 R ix%?gq@%rf%ééosmm’ mtrmsic viscosity, and

concentration, it is possible to derive an equation relating T,j,,,g to these variables,

for any poly(arylene ether)/solvent system.

The pre-concentration step mentioned above is usually carried cut to produce a
concentrated solution having about 20 to about 60 weight % of the poly{aryiene
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 seme embodiments is preferably
at least about 25 weight %, and more preferably, at least about 30 weight %. The
maximum concentration for some embodiments is preférab]y 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 Tgjyy, measurement discussed above, the pre-concentration step 1s
often carried out at a temperature of at least about {Teloug - 10°C), and preferably, at
a temperature of at least about (T¢jgyy - 5°C). In a more preferred embodiment, the
temperature is at least about (Tpjgyg), or at least about (Teppyd + 5°C). In éome

highly preferred embodiments, the temperature is at least about (Teloud + 10°C).

11



However, in preferred embodiments, the desired precipitation mixture temperature is obtained by
introducing the anti-solvent at a selected temperature. The appropriate temperature for the anti-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 individual solvents employed; the ratio of the volume of the
concentrated solution of poly(arylene ether) to the volume of anti-solvent; the concentration of the

polymer in thersoluians anchibe FolEAICuRi PhHRerRolimes, hose: Skiliagiin e g can select the

most appropriate anti-solvent temperature, based on these factors, and on empirical observation for a
given precipRABEHFEFEIENTAY ritsh FTHEA g MU Ry sl BB niBee HEBBHIM Sptdtieta stV when the

selected te%&%&a@s&hﬁlggﬁ(ﬁiﬁit@@argg%@m@awM@&J%ﬁ@%&%@ afllssplent usually has

a temperature of at least abou Tcloud - 45C) to about (Tc/oud - 50C), immediately before being

combined with! i EESHtRatEer Seguaker. PaprisT tpbelintiekpiass tatior formpissiphatioremixture
temperatureg gaa,he rovided for aibypicaliprocess, for fhe.preparation.of 2 poly (Afyleng ether)

copolymer. (The Examples below provide further illustrations). For a Iarger-scgfe process which
utilizes a toll@neti#tieyleha-spagartisbisHonapidie rrdveanskbasttaniisorsntedhertivbirein the solids

cqncentratiooa&sb%tm%gﬁ%a 50lan.is @KL 33 m%@@hg/&t&a%%ém%&ﬁ%é&e precipitation
mixture can have a temperature of at least about 44C atter its formation. in some preterred
embodiment@fﬂ?@%?é@ﬁitation mixture temperature may be at least about 48C. in some especially
preferred embodiments, the precipitation mixture has a temperature of at least about 51C. A variety of

types of equipipent&an beusad-iaaar YoeutingRrecinitatian;siep dROrexamle: REgcipitation can be
carried out in a stirred tank vessel, or a high-shear impeller. Suitable high shear impellers are

commercially 2 A B RO Tor @i BT fmitam s sy Grisir &), VEIScnea@ifaiasy. The shear
rates during griecipitatiga-nitha-stiredirptA0d ihefighshear homogenizelmayhe.about 500 sec-

to about 50,000 seci . Those skilled in chemical engineering are very familiar with other details

regarding thBS§WEEiitatERbipefatidh. s aativeoiensretiprateabss yiaryfefeenidefiy #R% isolated,
using any capyenfionghiltiation-onolidiigpid separatian teehRitla U iahis filtration apparatuses

include rotating filters, continuous rotary vacuum filters, continuous moving bed filters, batch filters,
and the like ISti¢50 18788 lidMquRT S BISAPERE FEbperatnse shadoreestan solisieolnigul centrifuges.

The filtered poly(arylengetbe s thenysually Yég?h%i%ﬂisi{‘&&%%ﬂm&ﬁ?&?%% Jvashing may

be performed, for example, with additional anfi-€6fvent rectly on the filter. Alternatively, the "powder

wetcake" frovh apialined odolie ratigSeptration apparatdeseabed dmiid dRatentaddRiol.anti-solvent in
a stirred tank&prgieedmethad-of washing thelietqd paly(dylene etheg: uses aiwo;stage re-siurry

and solid/liquid separation process technique. In this embodiment, the wetcake from ‘the filter may be
washed witheepRisB eriiaradstirrerbraliie The gelylanilane theryaoivent/ &haisalverit®@ixture can then
be separateddna splidlignid cqpfinuoys ceptrifuge riiier separation in the centrifiag, the poly(arylene
ether) wetcake é@an b%\ r$§xed a second time wit;%nti-solven" ina contrl}ng%%s é\%ﬁ%{g’%n , followed by a
second solid/liguigzsep@i@tion in a second solid/liquid centrifuge.

As mentioned above, the temperature of the concentrated solution is specified for the
time period immediately before combination with the anti-solveni. "Immediately
before” in this context means the specified temperature as it is combined with the anti-
solvent. As a practical matier, the temperature of the concentrated solution may be
determnined at any time within about 30 seconds of mixing with the anti-sclvent.
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 Tplyyd, adjusting the temperature of the concentrated solution to at least
about {Tyjpyg - 10°C), and combining the concentrated solution with an anti-solvent
to precipitate the poly(arviene ether).
12



As alluded to previously, the precipitated poly(arylene 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% by
weight. As described previously, poly(arylene ether) powder of this type is more free-flowing (i.e., with
a higher flowiinglexdréhan powstarmeith greatecamauatsodffinesaConseauently glsipaivger is much
less likely to cause substantial transport problems, e.qg., those relating to cloed filters. Other potential
problems dufintyrdrtist BrSRRSAEEE Y IEBRRFBUN TS End MdT gmﬁy éﬁ%g‘%sf) Yiiled or
eliminated. TheWnEiAsis, viscosityhthe polytasviene othies) foseed by the praeass deserbed herein
can vary greatly. For some applications, it may be preferred o use a poly(arylene ether) having an
intrinsic visc88 W‘%‘Fsﬁq‘égﬁya%o@ﬁtwaﬁ@f &%@i%@ﬁﬁvﬁ%ﬂéﬁ%}r’é@ﬁﬁteﬁ@? 9g, as
measured inghloroformad-<ataihsomenspesirianiierfad-arobodinents, thedpensigiscosity is at
least about 0.30 d /g. An exemplary method for preparing a poly(arylene ether) copolymer can now be

described. TRE #liRHFaaYEE Spalymiet & bade ABH R ESMBINAEd ot Db SEERYRRERBENd
2,3,6-trimethylphenok-(Aspentionad Abeve. copalymarsofityistype arpaltenichaasterized by

relatively high Tg values). The method comprises: oxidatively coupling 2,6-dimethylphenol and
2,3,6-trimethyfivraies, rasHiy a soRyaEn o amRg grEblase pHlsbsestE ¥ plex copper catalyst and
a solvent system comprising toluene, xylene, or toluene/xylene mixtures, to produce the poly(arylene
ether) copolymeshesinnAinasianat theselent is thessrmones (o] providealepneemirated solution
having a cloud point T cloud. The concentrated solution is then combined with an anti-solvent to

precipitate thé-pBRA&FGErE ¥ Aram Freterfede Bt msitetye 6 icaRmaLer S rtisAthas a

temperature ., ingegialely H?ngr%;ieé&mgzbm@awi%yﬁ% aptesolyeniscdgscrihied indd.-S. Patent
6,407,200, T satisfies the inequality T > (I(ps - (0.296 x127 x IMP - 35.71/ (1.970 - 0.00795 x IV -
0.0249 x TMFJlutiaRy ofy e rmpsedyRer pehefComeantratori@iraz b Wer§AESEC IV is the

intrinsic

solvents such as toluene typically do not exhibit a cloud point, except, possibly, at
relatively low temperatures. Rather, as such sclutions of the homopolymer are
concentrated, they may form a gelatinous phase without the discrete solid particies

charaeteristic of a cloud point).

A variety of anti-solvenis may be combined with the conceptrated solution fo
precipitate the poly(aryiene ether). Non-limiting examples include aicohols 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 cne of the foregoing anti-sclvents may also be employed. A preferred anti-
solvent comprises methanol, e.g., a solvent mixture containing at least about 50

weight % methano! (i.e., "methanocl-based™).

A highly preferred anti-solvent for many embodiments comprises about 70 to about
100 weight % methanol; 0 to about 20 weight % toluene, and § 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
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viscosity of the copolymer in chloroform at 25C (expressed in mL/g), and TIVIP is the 17
2,3,6-trimethylpheno| content of the copolymer (expressed in weight %). Moreover, the precipitation
mixture which is formed when the anti-solvent is combined with the concentrated solution in this
embodiment has a temperature of at least about (Tcloud - 40C). in another exemplary embodiment,
the method of preparing a poly(arylene ether) comprises: oxidatively coupling 2,6-dimethylphenol and

2,3,6-trimethylphenol, using.an ox - ini I
SRALARCIYIRE SAVRIOING an) e keseRGe G.69 plewmepRrRer catalyst and
a solvent sﬂ\{%ellﬁ%grmp?@fngl {SPugne, X er?ég;%gr toluene x%gl'gne mixtures, t_o%)}roduce a poly(arylene
gthirt) cogolpmﬁlﬁrgbm‘: vt} ainathendvaigbpelionof Basidimsatingitinvisedts el fidtethyfohenol is about

: 1 to about 6 1; recovering the com&ex aj,catalyst with an ¢ W IQR;&emaving a portion
of the solve %%%ﬁgggéogoor?cag}ﬁﬁta &d so t%o/r% gé@mggésingi aBo%?B toﬁgst%%%l% weight % of the
po:yfgrylenﬁaetjﬂ;e n ﬁ:@mﬁ;@;ﬂﬁf Igsinanmdthaling phelulehpshheTerdudharndesmBMItgthe concentrated
solution with g methanpl-based anti-solvent to precipi 1 ):ALhe form of a
prec:|p|tat|on% Wﬁ’eﬁ?ﬁ%%&%ﬁ’p %&Sé}r}heéloa Méln{tfg%]%é%éggggg%gga%%%%%%ﬁ% 'Eg’ngg@ terhperature of at
Iegst about (T eleuehsaiG):inmediatelitddéfore it is combined with the anti-solvent; while the precipitation
mixture has a temperature of at least about (Tdouti - 40C) after its formation. The precipitated

poly(arylene gther) has an Iniinsle YRGISAHARWAG: 22BN AR HelBined with the
concentraied solution should have a temperature of at least about {(Telgnd - 40°0),
afier its formation. As used herein, "after its formation” generally refers to the
specified terperature during the time period in which the anti-solvent is combined
with the concentrated solution. As a practical matter, fhe 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 concentrated

solutiorn.

In many preferred embodiments, the precipitation mixture has a temperature of at least
about (Tpjoud - 30°C) after its formation, and more preferably, at least about (Tgjgud
- 20°C) after its formation. In some embodiments, the precipitation mixture has a
temperature of at least about (Tgpng) afier its formation. In most larger-scale
situations, however, the maximum precipitation mixture temperature 1s 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{aryiene
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 (Tjyg + 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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In still another exemplary embodiment, the method of preparing a poly(aryiene 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-aGeqlis:sRllORiFE MVingsapaitionst the selvaiiternofuseiacssalsion having about
30 to about 45 weight % poly(arylene ethe?; and combining the concentrated solution with a
methanol-basea Ziieh EHETD [FFERFHHATE (Ao oBIyaF) I EhBIEhER) PIRYFECENTER it the
Concentrate%égéw'@&m@ {evepsratiie ohigtleastahout 806G inmediataly belongiltdsgombined with
the anti-solvent; and the precipitation mixture has a temperature of at least about 44C after its
formation. THes precipimies ot iaReateiCHES BT FHES VIS KrEnEEE0E 0. 258 about 0.50
dL/g. Anothgrembediment s direcled 8 compasitien-f raatigtaofienin pRWdeL R0 he
composition comprises a poly(arylene ether), suich as thdse described previously, in the form of
powder. in prefisrisdreivhogrréntinnespdliaiena ites)astopolymer which contains both
2,6-dimethy1-1,4-phenyiene ether units and 2,3,6- trimethyl1-1,4-phenylene ether units. The weight
ratio of 2,6-difpg el -h4rRhgrdenssiermpitsioigaor methvilok dpherylangeeihes uits is often
about 1; 1to about 20 In especially preferred embodiments, the weight ratio of 2,6-dimethy1-1,4-
phenylene ethér st g aigaiin dth 2l BIBFRE R St st (RS EBout 31 5] SB5E% ; 1. The
copolymer offen,has.@ Fe afaligash abeub2306 -An imReRaTLAIRMGGHSHE ofsuehsagomposition is
its minimized level of fines, as described above. Thermog)lastic compaqsitions based gn any of the

poly(arylene %th&ig HrNaH-A5 HeSermbion FRIVSH REArESERPXABIHER SRTEAHIMREAT B HPEntion.
Non-limiting gxamplasinclide-RehnbentlepgistherRolyamidebiendss xR LEixitheexamples

which follow are merely illustrative, and should not be construed to be any sort of limitation on the
scope of thenabiaatens abgiono theAvippg of anti-sclvent; the concentration of the polymer m

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 (Tajgud - 40°C), the anti-solvent usually has a temperature of at least
about (Tejgyd - 45°C) 1o about (Tpjgyd - 50°C), immediately before being combined

with the concentrated solution.

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 Exampies.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
temperéture 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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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 were combined cuprous oxide
(Cu20; 0.027 kg, obtained from American Chemet as purple copper) dissolved in hydrobromic acid
(0.423 kg a%%e%q&e%g%ﬁ’é&ﬁﬁ?x%'ﬁc%?% Ne:dlR035rE 6, thbiginssidnoon GepatFhakes);
N,N'-di-t-butylethylénediamine (0.119 kg, DBEDA, CAS Reg. No. 4062-%)-6 o%a' _esgefélpm Celanese);
di-n-butylansirengics I6acipipBm GAPREYTIRD P iv R SUGHERIREH O 8faﬁes§?;

N,N-dimethy g‘éﬁ@mifgﬁ%&%@@&w& 3 CASR e NGa1B2A A P8 c Ghtainfed dremplelanese); a
tetraalkylammonium chloride surfactant (0.059 kg, CAS Reg. No. 5137-55-3, obtained from Cognis as

Aliquat); 2,6vdithdthyistienarsrB&1day) VAl foldERRABHIVERT FIAT TR G THE SR e of the
polymerizatig ion . additional.G:dime : Z/k@) avas addes:-alangbwith 2,3,6-
trimethylphelri%rgﬁ%%%@ég : [%%%?1%%21 polym%ilgé}?g% i(r%egﬁrggen flow rate was.61,3 liters/minute; the
oxygen flowﬁ&t@ﬁva@ﬂ@.2m5§/ﬁ3ﬁﬁi@€e%ﬁh%ﬁ@%rﬁi&%ﬁ*ﬁ%iﬁﬁe‘é@%{a&?ﬁ&aﬁa S04 C. 10
55.0C. After the.completi iZatien.reaction, the copper catalyst was separated from the
polymer by gg%ﬁ%%ﬁ% %Eg%]gg é?‘f%%%%{\}{giﬁg%éa%ggéous solution of nitrilotriacetic acid (0.871 kg as a
60% solution in water, CAS Reg. No. 139-13-9, obtajned fromls%gjtia . The two anz%se-éolution was
separated, Udiatia /i aTHEREEEhBTIGE 91 PO hie FMaS8 ks C8NERtrated to 38 Weight %
polymer by flashing tolugpe/ataimesphens piessyse. Thepedilehdopatypaert wwes iprbsipitated from the
concentrated polymer solution by combining the splution (at,88 %} in a stirre ﬁ?x@zks v‘gsc&%gl with
methanol (af SO aE T WerGHIBREFRLSEF BB SR <SITHBR R SHTARG: “The résulting slurry was
passed throygh,a rgtan,yaguus,filier. asddhe weteakewas sppshinees vith wie thanioh:dthis slurry was
centrifuged, and the separated solid particles were dried in a rotary paddle dryer. EXAMPLE 2 This
example ders@itktiatk e EHers: 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) concenyraiee-SliorrRmpatatyiefanc(R) iy ecigitationingireansnEmpbIBREI ST this
example, the "precipitation mixture t erature; parameter.i S I isolvent

tem peratureW@%S‘@ﬁ%gﬁ RB%U%? ?ﬁig%gggﬁ?—*gﬂ e 3h |-§§%élr(?tnt§gr%£§ésﬁ§%§izsﬁ}rﬁ&)rﬁéft%kﬁeferred
technique foripgreagiagifiedyedipitatonianineicekehipenaturdjiteT e sabitdbarst ESRARMBRY 1 was used to
prepare a poly(arylene ether) random copol r havi n intrinsic: visgosity of 39.6 mL/g, and 18.3
weight % of FEPERGHGCERIE TeFRed’ ro%nglgﬁgaﬁe&n gg?ﬁ%%‘%ﬁ%eg{ﬁé%%\t%%%gowder copolymer was then
dissolved in toluene to generate a 20 weight % solution. The precipitation was conducted batch-wise in

a stirred vesdepprinidédnsttiod eigrashaatsifdicrsp areld ardens SN FEPeR FEr 1885d6 rpm, to

achieve high shear mixi r%ﬁaes the expeumentdhe-Anti-splyemtwas piesentrethe vessel,
The anti-solvsgﬁﬂgf@a?érfe% /8.1 ngl%lfr%tt%% f%ethanol,gﬂl%%_weight % toluene, and 2.5 weight % water.
Then, the polyofariiierfétettraey sluteNian riierti=saf S¥oiia Eomes Wiktion b %m\%ﬁ? %, was added

within 2 minulgs (5 (6 6556110k FAIRNIAHGIDH LR Rk GIBRIR A iokEne solion 1
. centrifuge. After separation in the centrifuge, the poly(arviene 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 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% by weight. As

described previously, poly(arylene ether) powder of this type is more free-flowing
16



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 designated

as a relatively ¢ L owifierapargigretiothadésyting:ie ppeiatureithf tresprecipitation ofixfures after formation
was about 43-46C. Sample B constituted anoth km of the co%jbinatilon of the co%entrated solution

r
of poly(aryleRERsaEFP A BOXIFSS ! S ﬁ%g LARBIBS AR R PR SRR B S Dolyiarylene
ether)/tolueng,solution tptinasadiadde thremethainiaptsohe s Guitictimasrdesignated as
a relatively "High" t%g?erature. The temperature of the methﬁnol anti-solvent was,the same ("Low") as
for sample APTREESHBIE SThe PERARY TR ATNSRAATEE BHE HR8IH RSN BHE formation was
about 48C. Sample C constituted another run of the combination of the concentrated solution of
poly(arylenemtbhen;vith thigaslivsofvant pebi shissanitie) the e berdhargrofdbe dsolyibeiene
ether)/toluene solution that was added to threnén%th pcgjdgrr;ti-siglveant s z%%«%c%st@ru%% le B, i.e., a
relatively "HIJA*feriBeriieS e temperiiite SPEhG  Methanol ahti-solvent was about 62-64C,
immediately g{ois/ rambinalian wightheciosiceritaisds sdlatitasTHisua s oluanetemperature was
designated as a relatively "High" temperature (as compared tq sample B). The resulting temperature of
the precipitalBAABErE dftst fo¥HAtion \%%ga 8&?%@%3‘23%%§%%%%ta igr“]n} %ixt%?‘es%%rﬁperature was
held constant:desingythe precpiaionsiagent hesprecipiatathcopoisme sveas Gtienifitered over a
Schliccher and Schull "Black Ribbon" filter paper on a Buchner filter, while vacuum was applied. After
filtration, the remaining filter-cake was washed with.1 2 t}@ggl. 2hbsequently, the
washed filter- ﬁé%’&%’g i6t (ilﬁgé? \%IE: Lih oven at ?%i&%&%&?ﬁ?& urs. For each example, the
particle size distribetion dfiibeifmtipitatedopohahgmeis wasselbtarminedambirsifiona PSE3.Analyzer
obtained from. Malvern instru ts Ltd. ich empl a laser di %@0 G i&g%gqﬁgrt particles
into six size g%?@ﬁ%%?ﬁés%ﬁg% 8|&1 rﬁ%%ﬂ%‘tcénr@ 3@@? r%%??oﬂrer%ef%{e%s, B%%Q%icrometers, 125-425
micrometersiy2 ol Ofimictbaeterzedriy geéstecithae Ik midroshetés, mrGiot isoangrssh in which the
percentage of particle fines.is expresse a functi f A€ tyre parameters for the concentrated
solution and %{?{%Fev%??e%?ﬁ gﬂ%nE %.ﬁx‘ u?g’ ﬁ%ﬁ%gk]qgg;\}/’egh?t?gr}ﬁgﬁa?ure ? ’Sagr%%le A ('gll_éow-Low"),
wherein botrciampengtigre pardmeatersavere mantkinechppselatiabist lond leve vesthibvittdina
considerable concentration of fines, i.e, ight. %, For.s eB & Hi 1'%9391'9&.” which the
concentrated"%%%%ﬁgié?h%%?étﬁeef\}\?agrgﬁ%%%%S?é\g\ée%\}%%)%1 n%t’icea le recducti n in fines content (to
about 27 weighedb opbigmeduetion in. fies come titavas thet badieforeme indeRicnoits 3. Patent
6,407,200.

concentrated solution having a cloud point T,joyg. 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 > {[bg-(0.296xV+ 127 x TMP - 357}/

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

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

viscosity. of the copotymer in chioroform at 25°C (expressed in mL/g), and TMP is the
17



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, sample 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. EXAMPLE 3 The method
of Example 1 was again used to prepare a poly(arylene ether) random copolymer having an intrinsic
viscosity of 38 midenaandshSnoleightes of repeativigrpitéeprives fromeigh %4 sddepte st the isolated
powder copalymer was then dissolved.in toluene to, generate.a 38 weight % soluti this
experiment, T FERI SRR Sy Wgéc%ﬁ%ggnoutgg%%%?g?nagn gs%a%aaghgﬁ%?p}%ce u{rjieelgﬁtlined in
Example 2, ysiaghthe:6conentrdtethipclyinelipbase (38 weight 9t pdlyrhesintiolti g as-well as the
methanol anti-solvent. For a series of individual samples, the temperature of the concentrated solution
was held coft€tamt 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 51C. (The
precipitationimisstietenpesittrewasivatad by chehgihgthetemperatprdytintenarmtsolvent being
introduced). FIG. 2 is a graph which expres %ﬁ{ r particle.size as 1] o{i ipitation
mixture temﬁ@?gfﬂ?ss.‘ﬁ%%?gﬁ? ecg}lzlv\%z’%?g%m qe%g m-a}iriaélf!izé%frﬁg %ﬁé}(%n[a\%ﬁ%rgigl %g’f-based
technique. Such:adneasseemeniinvolvibs anslysis ofdhepewdespsitinaiye ligdid-salssttprecipitation
mixture. The measurement is carried out at a selected stage.of the process, i.e,, prior. to. the filtration
and drying st&H&in fﬁf?ﬁ?%’tﬁ%c@ﬁ%éo@gﬁnﬁ*h% é{?ﬁ%ﬁ%ﬁ% B determined %ﬁ%?%]eeré is a strong
correlation beiweefishe smean-pastialeesizeinf thededink:meashirement it dhecsfeisntage of fines in
the final dried powder. For example, t%e in:line measurement of 23 micrans (Y-axi 2)
correspondsto’a ﬁwggﬁ@ﬁ% 1858 H%tn?’ab%ol} f%%l %rﬁhg’cfﬁ‘é%"%%%%’ﬁ I%gg%%g \i% ich serves as
the basis fordzigiyse Rifiemongitate thatmminsreasmin precipitatidrimistbretemperdtdgreresulted in a

generally-linear increase in gverage patrticle size. (dashed line). The increase in ggeparticle size
reduces the ST fi??g%t‘BFég% Si‘ﬁ%%lr?aztgégﬁ%naérogig Lt ith %%ta(?égsﬁg%ﬁ%@eneﬁts described
previously. ether} copolymer resin and having a cloud point Tgjgyug 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 + 2
°C) immediately before it is combined with the anti-solvent; while the precipitation
mixture has a temperature of at least about (Tjgyy + 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 embodiment, the method of preparing a poly(arylene ether)
comprises: oxidatively coupling 2,6-dimethyiphenol and 2,3,6-trimethylphenol, using
an oxygen-containing gas in the presence a complex copper catalyst and a solvent
systemn comprising foluene, xvlene, or toluene/xylene mixtures, to produce a
poly(aryiene 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 2
solution having about 30 to about 45 weight. % poly{arylene ether}; and combining the
concentrated 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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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. WHAT IS CLAIMED IS: A
method for preparing a poly(arylene ether), comprising the following steps: (a) oxidatively coupling

a m°“°hydfi§f%h%”&'ak&'oﬁ%%@ﬁ%e%eed&%ysgéy&@%@ﬂ%ﬁ%@ﬂéﬁ'%@&%@%&%ﬁma@ce a
poly_(arylene ether) resin; bfnremovmg a portion of the solvent to produce a concentrated solution
having a polyfarylenaethemneohsentmtiomaofrabdut Bastoraba B0 witig ks percemrandie cloud point
Tcloud; and . (c) combining the concentrated solution with an.anti- t to, precipitate the
poly(arylenepé?ﬁ‘??%afﬁq}?é’%gmggf’%e&’g@i g’ﬁ%t%ﬁnﬁtﬁ%ﬂ?ev:m“ﬂy DR YA AR UG

di/g. :

Another embodiment is directed to a composition of matter, often in powder form.
The composition comprises a pely(arylene ether), such as those described previously,
in the form of powder. In preferred embodiments, the poly(arylene ether) is a
copolymer which contains both 2,6-dimethyi-1,4-phenylene ether units and 2,3,6-
trimethyl-1,4-phenylene ether units. The weight ratic of 2,6-dimethyl-1,4-phenylene
ether units to 2,3, 6-trimethyl-1,4-phenylene ether units is often about 1 : 1 to about 20
: 1. In especially preferred embodiments, the weight ratio of 2,6-dimethyi-1,4-
phenylene ether units to 2,3,6-trimethyl-1,4-phenylene ether units is about 3. : 1 %o
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 cornpositions 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 1

This example is 2 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-dimethyiphenol. In a reactor were combined cuprous oxide (Cup0O; 0.627
kg, obtained from American Chemet as purple copper) dissolved in hydrobromic acid

(0.423 kg as 48% agueous solution, CAS Reg. No. 10035-10-6, obtained from Great

19



wherein the concentrated solution has a temperature of at least about (Tcloud.- 1 0 C.) immediately
before it is combined with the anti-solvent; and wherein the precipitation mixture has a temperature of
at least about Tcloud after formation, 2.The method of claim 1, wherein the monohydric phenol
comprises at least one structural unit of the formula wherein each Q1 is independently selected from
the group consisting of halogen, Cr C7 primary or secondary alkyl, phenyl. C1- C7haloalkyl, C1- C7

aminoallcyl. [Gikz& AMdmsarRoRe etk C0 Nalay DBERONRY RdeTain4EBastéwo carbon

atoms separate the halogen and oxygen atoms; and each Q2 is independent| lected from the group
consisting of P EivrhAleigasics Jﬁ‘ﬁﬁ%@%@s@&h@a%kﬁ&gﬁ?l.%é%e?g%"gf)allcyl, C1- C7
hydrocarbongxy.,aneGA Gk Nalghydrosabonman wherein avleas! bueraroEatemdiseparate the

halogen and oxygen atoms. 3.The method of claim 1, wherein the monohydric ph i )
dimethylphePbi-&Ach 208 B AMBHYIGREARIE): 2 tetraaliylammonium chioride dirtactant Fﬂog)gg mprises 2,6

kg, CAS Reg. No. 5137-55-3, obtained from Cognis as Abiquat); 2, 6-dimethylphenol
{5,361 kg), and toluene solvent (140.06 kg). Over the course of the polymerization
reaction, additional 2,6-dimethylphenol (30.377 kg) was added, along with 2,3,6-
trimethyiphenol {7.845 kg).

During the polymerization, the nitrogen flow rate was 61.3 liters/minute; the oxygen
flow rate was 46.2 liters/minute; and the temperature increased gradually from 29.4°
C. 10 55.0°C. Afier tha. cempiétioh of the polymerization reaction, the copper catalyst
was separated from the polymer by mixing the reactor effiuent 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 ratic of
polymer solution : methanol. The resulting siurry was passed through a rotary
vacuam filter, and the wetcake was re-slurred with methanol. This slurry 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 smalier than
3% micrometers). The two parameters are: (1) concentrated solution temperature, and
(2) precipitation mixture temperature. For this example, the "precipitation mixture
temperaturs” 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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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 1, wherein the anti-solvent has a
temperature of at least about (T73,./-45 C.) immediately before being combined with the concentrated
solution. 6. The method of claim 1, wherein the precipitation mixture has a temperature of at least
about (Tcloud+10 C.) after its formation. 7. The method of claim I, wherein the anti-solvent has a
temperature tfeattetirisab UE{TekdadiSOvE. ) usehedigielyabeforedigimyleombthed witkdiehe concentrated

solution. copolymer having an intrinsic viscosity of 39.6 mL/g, and 18.3 weight % of repeating
units derived from TMP. A sample of the isolated powder copolymer was then
dissolved in toluene to generate a 20 weight % solution. The precipitation was
conducted batch-wise in a stirved vessel provided with 2 high shear mixer, operated at
2 rotating speed of 15,000 rpm, to achieve high shear mixing. At the start of the
experiment, the anti-solvent was present in the vessel. The anti-solvent contained
78.1 weight % methanol, 19.4 weight % to}uénm arsé 2.5 weight % water. Then, the
poly (arviene ether) solution in toluene - at a solids concentration of 20 weight %, was

added within 2 minutes to the vessel in a 1 : 3 weight/weight ratic 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 methano! anti-solvent was 40°C, immediately before combination with the
concenirated 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(arviene ether) with the anti-solvent. For this sample, the temperawre of the
poly(aryiene ether)/toluene solution that was added to the methanol anti-solvent was
72°C, which was designated as a relatively "High" temperature. 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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8. The method of claim 1, wherein the solvent comprises a C8- C18 aromatic hydrocarbon. 9. The
method of claim 8, wherein the solvent is selected from the group consisting of toluene, xylene, and
mixtures which contain at least one of toluene and xylene. 10. The method of claim 8, wherein the
solvent further comprises a C3- C8 aliphatic alcohol. 11. The method of claim 8, wherein the solvent
further comprises methanol. ethanol, or a mixture comprising at least one of methanol and ethanol.

methanol anti-solvent was about 62-64°C, immediately before combination with the
concentrated solution. This anti-solvent temperature was designated as a relatively
"High" temperature (as compared to sample B). The resulting temperature of the

precipitation mixture after formation was about 61-64°C.

The precipitation mixture femperature was held constant during the precipitation
stage. The precipitated copolymer was then filtered over a Schliccher and Schuli
"Black Ribbon" filter paper on a Buchner filter, while vacuum was applied. Afier
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 125°C for about 4

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. 1 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 mixfure
{i.e., anti-solvent temperature). Sample A (“Low-Low™), wheremn both temperature
parameters were maintained at relatively low levels, exhibited a considerable
concentration of fines, i.e., about 32 weight %. For sample B {“High-Low"}, in which
the concenirated solution temperature was raised, there was a noticeable reduction in
fines content (to 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, samjﬂe 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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12. The method of claim 1, wherein the anti-solvent is selected from the group consisting of alcohols
having | 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. 13.The method of claim 12, wherein the anti-solvent comprises methanol. 14.The method
of claim 1, wherein the complex metal catalyst comprises at least one metal ion selected from Group

VIB, VIIB. VisoriBL@f the Periodic Table. 15.The method of claim 14, wherein the complex metal
catalyst comprises copper ions.

The method of Example 1 was again used to prepare a poly(arylene ether) random
copolvmer having an intrinsic viscosity of 38 mi/g, and 18 weight % of repeating
units derived fom TMP. A sample of the isolated powder copolymer was then

dissolved in toluene to generate 2 38 weight % solution.

In this experiment, the precipitation step was carried out according to the general
procedure outlined in Example 2, using the concentrated polymer phase (38 weight %
polyimer in toluene), as well as the methanol anti-solvent. For a series of individual
sarmples, the temperature of the concentrated solution was held constant at about 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 expresses polymer particle size as a function of precipitation
mixture temperature. The particle size was determined in-line, using a conventional
laser-based technique. Such a measurement invoives analysis of the powder within
the liguid-based precipitation mixture. The measurement is carried out at a selected
stage of the ;'fsrocess, i.e., 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 exafnple, 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

previousty.
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16.The method of claim 14, wherein the complex metal catalyst further comprises at least one
nitrogen-containing ligand. 17.The method of claim 16, wherein the nitrogen-containing ligand is
selected from the group consisting of allcylenediarnine ligands, primary monoamines, secondary
monoamines, tertiary monoamines, aminoalcohols, oxines, and combinations comprising at least one
of the foregoing nitrogen-containing ligands. 18.The method of claim 1. wherein: (i) the

monohydric phengl, comArises &0 Simaiinbenelanth 236 HBatpheRoling oxfikshe solvent is

selected from the group consisting of toluene, xylene. and mixtures which contain at least one of
toluene and Rytepest, varigysheuniicsbientesmpiizes fetheifenaies may occur to one

skilied 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.
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(iv) the precipitation mixture has a temperature pf at least about 44 C after its formatltc))n. ljézheafter "
method of claim 18, wherein the precipitation mixture ha_ts.a t.empe.rature of at least about f : ater !
formation. 20.The method of claim 19, wherein the precipitation mlxture hqs a temperature of a eas
about 51C. after its formation. 71.The method of claim 18, wherein the anti-solvent further comprises

toluene and water.
atleast one TIS CLAIMED IS:

L. A method for preparing a poly(arylene ether), comprising the following steps:
| (a) oxidatively coupling a monohydric phenol in the presence of & solvent and
a complex metal catalyst, to produce a poty(arylene ether) resin;

(b) removing a portion of the solvent to produce a concentrated solution
having a poly(arylene ether) concentration of about 30 to about 60 weight percent and
a cloud point T oue; 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 iemperature of at least abowt (Teioua-10° C.)
immediately before it is combined with the anti-solvent; and
wherein the precipitation mixture has a temperature of at least about Ty, after its

formation.

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

structural unit of the formula

wherein each Q' is independently selected from the group consisting of halogen, C,—
C; primary or secondary alkyl, phenyl, C;— Cy haloalkyi, C;— C- aminoalkyl, Ci— C-
hydrocarbonoxy, and C,— C, halohydrocarbonoxy. wherein at least two carbon atoms
separate the halogen and oxvgen atoms; and each Q2 1s independently selected from
the group consisting of hydrogen, halogen, Cy— C; primary or secondary alkyl,
phenvl, C;— C haloalkyl, C— C; hydrocarbonoxy, and Cy-- C, halohydrocarbonoxy,

wherein at least two carbon atoms separate the halogen and oxygen atoms.

3. The method of claim 1, wherein the monohydric phenol comprises 2,6-

dimethylpheno] and 2,3,6-trimethylphenol.
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22. The method of claim 18, wherein 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. 23. The method of claim 1, wherein the temperature of the precipitation mixture is 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. 74.A method for preparing a poly(arylene
ether), comprising the following steps: (a) oxidatively coupling 2.6-dimethylphenol and

23.6-trimethylphendtyp theHyese! F mplex metal catalyst and a solvent comprising at least one
of toluene and xylene, to roéﬁ%?%%g y%é%%ﬁg é‘fﬁé’}'fl SRRSE Fetifiimethylphrmmiaing a portion of
the solvent %ﬁ%’%@tﬁy tratedbsotutipnotiabimg a:paly @kykene. ether) concentration of about 25
to about 60 weight percent and a cloud point Tcloud: and (c) combining the concentrated solution
with an anti-golvent which comprises at least about 50 weight % methanol, to precipitate the

poly(arylene’ether) QpisRed #f dhairfotmydicasireipiiation Rixtye; %@ﬁf&&%.%?%??@é}g‘ ted solution

has a tempesesureof at-least ahout (1-601,.10 C.) immediately before it is combined with the
anti-solvent: and wherein the %recipita%?or% r%ﬁg Ure RAé 59%3@%&% Breadessstiabodt (Td"™"d *10 C.)

after its foimt Qg

&. The method of claim 1, wherein the precipitation mixture has a temperature of
at least about (T,,,+10° C.) after its formation.

7. The method of claim 1, wherein the anti-solvent has a temperature of at least

about (T pe-50° C.) mmmediately before being combined with the concentrated

solution.

8. The method of claim I, wherein the solvent comprises a Cs— C;5 aromatic

hydrocarbon.

9, The method of claim 8, wherein the solvent is selected from the group

consisting of toluene, xyiene, and mixtures which contain at least one of toluene and

Xylene,

10. The method of claim 8, wherein the solvent further comprises a Ca— Cg
aliphatic aicohol.

11, The method of claim 8, wherein the solvent further comprises methanol

ethanol, or a mixture comprising at least one of methano! and ethanol

5 . . .
12, The method of claim 1, wherein the anti-solvent is selected from the group

r . i
consisting of alcohols having 1 to about 10 carbon atoms; ketones having about 3 1o
about 10 carbon atoms; alkanes having about 5 1o about 10 carbon atoms; an

combinations comprising at least one of the foregoing materials,
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the concentrated solution comprises about 25 weight % to about
the complex metal catalyst comprise_s copper ion, a seconda;r)i
alkylenediamine ligand, a secondary monoamine, and a tertiary monoamine; the cqn?tp;feﬁme a
catalyst is recovered with an aqueous solution after step (?);ban? (\)Nggrgll_r}g - ;Egu[zrg(gg o a6A
intrinsic viscosity of about 0.
oly(arylene gther) copolymer has an intrinsic viscosity o ( . :
e e B o tciiowasos a orian
ing 2,6-dimethylphenol and 2,3,6-trimethylpheno
A t comp%sping at least one of toluene and xylene, to produce a poly(arylene ether)

and a solver;1 ! N )
copolymer redin: The method of claim 1, wherein the complex metal catalyst comprises at least

one metal ion selected from Group VIR, VIIR, VIII or IB of the Periodic Table.

The method of claim 24, wherein
55 weight % poly(arylene ether);

15. The method of claim 14, wherein the compiex metal catalyst comprises copper
ions.
16. The method of claim 14, wherein the complex metal catalyst further comprises

at least one nirogen-containing ligand,

17. The method of claim 16, wherein the nitrogen-containing ligand is selected
from the group consisting of alkylenediamine ligands, primary monoamines,
secondary monoamines, tertiary monoamines, aminoalcohols, oxmes, and

combinations comprising at least one of the foregoing nitrogen-containing lgands.

i8. The method of claim 1, wherein:

(1) the monohydric phenol comprises 2,6-dimethylphenol and 2.3,6-
trimethylphenol;

(i1) the solvent is selected from the group consisting of toluene, xvlene, and
mixtures which contain at least one of toliene and xvlene;

(iii) the anti-solvent comprises methanol; and

(1v) the precipitation mixture has a temperature of at least about 44° C. after its

formation.

1¢%. The method of claim 18, wherein the precipitation mixture has a temperature

of at least about 48° C. after its formation.

20, The method of claim 19, wherein the precipitation mixture has a temperature

of at least about 51° C. after s formation.

21. The method of claim 18, wherein the anti-solvent further comprises at least

one of toluene and water,
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(1) removing a portion of the solvent to produce a concentrated solut_ion having-a poly(aryllclelne ether)
concentration of about 30 to about 60 weight percent and a cIouq pomt T cloud; and g[h )
combining the concentrated solution with an anti-solvent, to precipitate the poly(arylene ether)

[ ipitati [ X [ trated solution has a
e form of a precipitation mixture; wherein _the concen olu : _
e pbefcl?re it is combined with the anti-solvent; and T satisfies the inequality

it Ineque
;e:g[par)?zgfgfé%;/r?%la HePagaT T OrIER0DO 708 a0 FNERHB)ut 70 WhetRin OS is the

: : iaht; ' intrinsic.viscasity of the copolymer in
polymer corfgesmteiian I(ﬁXWﬁgﬁﬁ%'Hﬁ?%ﬁg/%\ﬁ%ﬂ%ﬁ%%tg%g}iﬁ%ﬁe%? e‘% SPRISHE REE e

25.C. (expressed in mL/g), 10~ ;
ngggmg (%’x%gggb %H)i% igHtEiziEng WhErein the precipitation mixture has a temperature of at

least about 'c/cud after its formation.
23, The method of claim 1, wherein the temperature of the precipitation mixture is
controlied in a manner sufficient to reduce the leve] of particles smaller than about 38

microns in the precipitated poly{arylene ether), to less than about 18% by weight.

24, A method for preparing a poly{arylene ether), comprising the following steps:

{(a) axidativély coupling 2,6-dimethylphenol and 2.3,6-trimethylpheno! 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) copolvmer resin;

(b) removing a portion of the solvent to produce a concentrated solution
having a poly(arvlene ether) conceniration of about 25 to about 60 weight percent and
a cioud point T, and

(c) combining the concentrated solution with an anti-solvent which comprises
at least about 50 weight % methanol, to precipitate the poly(arylene ether) copolymer
in the form of a precipitation mixture; wherein the concentrated solution has a
temperature of at least about (T ,,~10° C.) immediately before it is combined with
the anti-solvent; and wherein the precipitation mixture has a temperature of at least

about (e +10° C.) after its formation,

25, The method of claim 24, wherein

the concentrated solution comprises about 25 weight % to about 35 weight %
poly(arylene ether);

the complex metal catalyst COMIprises 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(arvlene ether) copolymer has an intrinsic viscosity of
about 0.25 dL/g to about 0.50 dL/g.

26. A method for preparing a poly(arylene ether), comprising the following steps:
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27. The method of claim 1, wherein the concentrated solution _has a temperature of atfltji?sl(tazgtosgggt
C. 28. The method of claim 1, wherein the concentrated solutlon_has a temperatur? 0 uloastab
70 C. 29. The method of claim 1, wherein the concentrated solution ha§ a temperature o atleast
about 80 C. 30. The method of claim 1, wherein the concentrated solution has a temper

least about 90 C. () 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;

(I} removing a portion of the solvent to produce a concentrated solution
having a poly(arylene ether) concentration of about 30 to about 60 weight percent and
a cloud point T,y,e: and

(1II) combining the concentrated solution with an anti-solvent, to precipitate
the poly(arylene ether) copolymer in the form of a precipitation mixture;

wherein the concentrated solution has a temperature T, immediately before it

1s combined with the anti-solvent; and T satisfies the inequality
T>([@-(0.296x1V+1 27x TMP-35.71 H/11.97(1%0.00795%17-0.0249x T, MP]-10),

wherein @; is the polymer concentration (expressed in weight %), IV is the
ntrinsic viscosity of the copolymer in chloroform at 25° C. (expressed in mL/g), and
TMP is the 2,3,6-trimethylphenol content of the copolymer (expressed in weight %);
and wherein the precipitation mixture has a temperature of at least about T, after its

formation.
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Method For The Preparation Of A Poly(Arylene Ether), And Related Compositions Abstract A method
for preparing a poly(arylene ether) with a reduced level of powder fines is described, in one
embodiment, the method comprises oxidatively coupling a monohydric phenol in the presence of a
solvent and a complex metal catalyst, to produce a poly(arylene ether) resin: and then removing a
portion of th ;olve [E?ﬁ. produce a concentrated solution having a cloud point 'cloud’ The concentrated

solution |st nco B Rf erclaim dowbencio precipitate thie palyianviens £ibehdnthe form of a
precipitationamipdsrebdihg@oncentrated solution usually has a temperature of at least about (‘cloud -
10C) immediately before it is combined with the anti-solvent. The precipitation mixture has a
temperature of at least about: (‘cloud - 40C) after its formation. Related poly(arylene ether) copolymers -

are also destgibed TNe sUHRIISAGUIS: 1. wherein the concentrated solution has a temperatare of
at least about 70° C.

29. The method of claim 1, wherein the concentrated solution has a temperature of
at least about 80° C,

30.  The method of claim 1, wherein the concentrated solution has g temperature of
at least about 90° C.
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