METHOD OF SEPARATING A POLY(ARYLENE ETHER) COMPOSITION FROM A SOLVENT, AND
POLY(ARYLENE ETHER) COMPOSITION PREPARED THEREBY BACKGROUND OF THE
INVENTION [0001] Thermoset resins are materials that cure to form very hard plastics. These
materials cafBe988d4i¥t8 wide variety of consumer and industrial productSTRE2eR4IHEE, thermosets
are used in protective coatings, adhesives, electrdnic laminates (such as those used in the fabrication
of computer circuit boards), flooring and paving applications, glass fiber-reinforced pipes, and

automotive part Jnflﬂﬁl'? Rﬁgﬁ&i Ri.ij | LE&%J ﬂﬁﬂ i &to other types of
plastics, cured t%‘érmose s%aflfe ﬁplca y bri t%%?ﬁﬁ%%%?apol%?ary e2§§¥2§$g%gécurable thermoset
composition is knodOid dettdadEiiie bhitldieisy (GNe Ele d TeEiR) COJOBO2IWIEN the thermoset
resin is an epoxy resin or other resin reagtixg \yithphengliedydroxy groups, the poly(arylene ether) is
typically "unfunctionalized" in the sense that it possesses one or more terminal hydroxy groups that
are present in the poly(arylene ether) as synthesized by oxidative polymerization of a phenol
compound. 6}% moset ' i reactive carbon-carbon double bonds or triple bonds
(as, for exarnglgé%?e%et )ac%?ajtge% k%émg}\ﬁﬁy 1Sesins, unsaturated polyesters, and the like), the
poly(arylene ether) is tﬁ%ically functionalized with groups that can be copolymerized with the reactive
carbon-carbon doubRBENHEBREATHISIBIAE DIATRSIANA LHG P HErEInY The PEHR 48 Sth)acry!”
means acryl-piaethasiyls can 180034 Poly (aiyieneether)sareabeaniradusethbyroXidative
polymerizatiop of a monohydric phenol, optionally in the presence of a polyhydric eql% in a good
solvent for thgoﬁrd‘"}éﬁr&p%aogbgry gﬁee%et?%kgr)ﬁ?(grigﬁf %‘é%ﬁ‘n‘i’&u88%?’%%@%8%’%@7(5%5%#% ether)s from
solution havelberateesuibed. iSomespd iy dry|&be ather s rave bee nitsolatediontiselinibn by
precipitation %é‘%ﬂﬁ%#é@ﬂﬁiﬁlﬂgbg%qsma%%fﬂ&\ﬁ%Yﬁés,Wan&ﬂ&ﬁt@é'g&t@{?ﬁaﬁféﬁr@ﬁen produce
poly(aryle

poor yields o _ ether)s with low molecular weight and/or high relative concentrations of
phenolic hydrexs Wiéiass PSBRie 4561 & TIeHeca RIS HEly H sHREELYRES SIS devolatilizing

extrusion proggsy imahisRibaat anstiadusatloressinginan gxtivder-are:useditoadtivesalf solvent.
See, for example, U.S. Patent Nos. 6,211,327 131 and 6,317,010 0 Braatgt al. However, some

poly(arylerie StHESTAOBRSS HIB M PARE /S SRIaAR /B EGRSHOR R EEE d&0Btatilizing extrusion
processes. Furtheimore, when some low molecular weight poly(arylene ether)s are extruded as
strands and cooled [AC43Y3Mehdtls, theanstraiigsinil seensioratin vreakecisBingaimtdHvenient
interruption in,the processxin.adgitian. genelatilizingexrusigndaiconsidaredanssitablerfor isolating
poly(arylene ether)s functionalized with polymerizable groups, which may react under the extrusion

conditions to YERFR AEroSEAMGEFHORMTErIOTe ToiaHA THEFE S Herefol L e EtrSP R dthod of
separating a pely(ahrianedmtien Kemsolvenl hatisigepeasally-adaptalie padaolarietyaid.
unfunctionali gan quctionaIized#olc}/ arylene etper)s okfjvariOIljbsnmé){!u I%r w Si%rrltﬁi tgJMMARY
[0005] The ab 8 A B A iR T APRWHACKRE NS AflEVIATEs ci/ a method o separg Ing a
poly(arylene btingr) Gronfoa salpi, cotmptisingylrentevimyg violdtilessonmsatmbitdredpriprising a
poly(aryiene GHASHANELR &%'(\eg%ﬁég)@mﬁy%kﬁgbz@%ﬁm?'%&%_Jamap_@%ﬂmg&m%von

comprising the poly(arylene et : and cooling the extruded composition with a cooling device;

wherein the dgotivitp EwrEEedoBIt (e EsastieerEsmsadian dwhobRIa R iRt SRIEh Bithe extruded
COMPOSItion. regin [00083k IRAfirshashast (hese iscRrovidadsamethpdmeiiseparating a poly(arylene
ether) from a solvent, comprising: removing volatiles from a mixture comprising a poly(arylene ether)
and a solvent by de llizing extrusion to form an extrug mposition camprising the-polv(arylene
ether); wherein the g@%&ﬁﬁﬁﬁ%ﬁ%ﬁﬁ%&eﬁ 308%5%%&3 %E%%%‘@%%%%%g&?%e ether) to a first
section of an @xtrudéydandhedihppienwiltirette arsersadsechohlotite marobér dogtidtream of the
first section; apd ggoling the extiyded canpositionwith.a coglingdevigeijvhersin tamaapling device
cools the extruded composition without water immersion of the extruded composmonk:1 wherein the
poly(arylene BEREATESATHFIEERS dFPEyEPLEn 18R ResARSRIMESY, groMss IRV ASIERU R DS removing
volatiles frommava bdeike soQimRpIising dIpobH akylepdgihen andnassobveninhysdevalatibdimgextrusion to
form an extruded poly(arylene ether); wherein the devolatilizing extrusign comprises adding a solid
poly(aryleneug?l‘éf Y g as\‘%st g@é’%%%a% rénmé%ﬁjé e{r),gL g%dpécﬁ |F’1% fie Ern%l(‘%%]rse fo § %gi%rﬁgigection of the
extruder dowesireanviti thevfinstisedtionyags codinghiise exmidedqpetylarianecéthkeyalith a cooling
belt to form aﬁ#&%@egﬁ%xﬂa@'&g@ eifisnmdereindhe isaletedpolyandens etherligrpolyhydroxy
poly(arylene ether) tcomprising, on average, at least 1.5 hydroxy groups per molecule: wherein the
isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to about 0.15 deciliter per gram as
measured in chloroform at 25 C.; wherein the mixture comprises about 65 to about 85 weight percent
poly(arylene ether) and about 15 to about 35 weight percent solvent; and



wherein devolatilizing extrusion comprises feeding the mixture to an extruder comprising at least one
barrel having a temperature of about 200 to about 235 C., and at least one vent having a pressure of
about 2010 about 40 kilopascals. [0005c] In a third aspect, there is provided a method of isolating
a poly(arylene ether), comprising: removing volatiles from mixture comprising a poly(arylene ether)
and a solvent by devolatilizing extrusion to forgn an extruded poly(arylene ether); wherein the
devolatilizing extrusion comprises adding a solid poly(arylene ether) to a first section of an extruder,
and adding the mixture to a second section of the extruder downstream of the first section; and cooling

the extrudeddpalytarnyereceifieprwviths acraliraRelt iadorman iselated oly(amwens sther): wherein the
mixture corga&rise about 70 to abo%t 80, weight percent poly(arylene ether) and about 20 to about 30

weight peRenttollidie? A WiRkreir thd 15 SEABP Ho{ aty IBHEGNER) Kadtdr ftrimbi@scosity of about
0.04 to alsci?)010 deilitereper Gglam-as eeasuset)ia-ehieslaems ahdcr&y ;indigrgindhesisolated
poly(arylege it iass g Ayeiade A1 ISast A hdroxy groups per molecule, 26 wherein the
isolated poly(arylene et err;; COmprises a poly{arylena ethan Refity t tiehirs “WHerein each
occurrenéerdf QW ardey8lis wrigparideatylene tilikos dishbutyldminometky| pandedshioccurrence of a
and b is indepgndently Qw.aRouk scprquided hatihe sum.ofaand.b is at least 1 wherein
devolatilizing extrusion comprises feeding the mixture to an"extruder comprising a?ﬁeast one barrel
having a YerHseREfESof ADFTEB RS BED T sxmmsian |taspor éovehturavitaple pressure of about

25 to abqu136:kiI9pRsSatsIWBRERID Hie-mixiureis ﬁ%tgén&%ﬁyélﬁéraﬂj&%sm of.At least one vent:
and wherein a pgrtiﬁn of the. isolat%ﬁ.poly(a ylene ether) is recycled for addition to the feed throat of

the extruff@Ft = B AWBIHEP BB MERTTS A Fmsthioticdmebiing a poly(arylene ether),
comprising: removing volatiles from mixture comprising a poly(arylene ether) and a solvent by
devolatilizing eXtPiefd i istoimthererrrud et psoigarylerhethef) semdetoglingpthe(mxiruded poly(arylene
ether) Wi@%}éﬁ%@ﬁgs%‘&ﬁptﬁ%@s%ﬁ%@iﬁ&e%%rﬁbé(ﬁ@’k%”? @4@9{9iow%ﬁﬁ}{w&%éi%@%%&’o'y(wy‘e”e
ether) is selected from the group consisting of a polyhydroxy poly(arylene ether) comprising, on
average, HERER8RZ8dRAIVEEY g6 GRS PhTBR ST gl appetoly (arylene ether) comprising, on
average, at least 1.5 capping groups per molecule, and mixtures thereof; wherein the isolated
poly(aryl&iéveiham as an intrinsic viscosity of about 0.04 to about 0.15 deciliter per gram as
measured in chloroform at 25C; wherein the mixture comprises about 65 to about 85 weight percent

poly(arylene ethephanaiabmsdzide-ABouLAS HMeigi-PrGeRt spivaRbiand whersiadeyolatilizing

extrusion comprises feediln the mixéurgt an extruder comprising at least one barrel having a

temperafth§ GFEISE 266 Bift 2 P18 &t FORET BN ECVEMI SRR/ inF R PYERS B ehout 20 to about
40 kilopasealss mifR08 ZoAnadtier emivddimaatds amsthad of isdlatingw pelvianilensg ether),
comprising. ' latil ixture comprising.a poly(arylene ether) and a sglvent by
devolatili%%r%%emiﬁ\ég}g%% or%%%%%i?ﬁ%t? Sgcl)?ﬁaci?/fgﬁésﬁ%e‘% g‘%%r(lc §ﬁﬁ8 ﬁ}géer t?ﬁ%ed poly(arylene
ether) withaissdhagrelded fompesitisn|ail polytdniteteyiethorfiavive tbin chelmixderéceomprises about
70 to abeubRGmeighiRRreanb RIAMIERREIEY BRd.aRRAU 200aR0UL 30 weightpgreent toluene;

and wherein the isolated poly(arylene ether) has an intrinsic viscosity of about’0.04 to about 0.10

deciliter per gra;pg%éﬂyeﬁiuaregrisq carlsjgrofor at 25C, Whegag(i.ﬂ]the isolated poly(arylene ether) has, on

average, at lea Xy groups parmolaculd? whEYiFGhe iSoThar Joly EsRAE@tier) comprises
a poly(anytériemihes cHaringdhaswicture-whergimgach occurrence of Q7 and Qg is independently
methyl oy di-n-butylazninomethyl: and each occurrence of a and b.is independently O to about 12,
providedi‘i&%ﬁiﬁl gﬁa}a‘gf&%ﬁ%ﬁ%%;%%%@gg’g&%ﬁ@é%i%ﬁ 2 sﬁ‘oﬁ‘fi&’ﬁﬁ{ Yses feeding the
mixture (G.ap eXkUAR! GaTHRtIsInah Peot g0 AT M S BRI B HAOLERA0 to abour
230C, andl rleastyent haying A pressie. ol APGUL 25 10, DOl Rilodateatt) Whereitiine mixture is
fed to the Sxtrderdownsteam of at least one vent; and w eresi%cgnpor Fo’r%f’tfhtgﬁfse By "poly(arylene

ether) is recycled for addition to the feed throat of the extruder. WO

2008/ 1266&%%@%%3@&8[;95%%@15}1 with a cooling device; wherein the cooling device cools

the extruded composition without water immersion of the extruded composition;

wherein the poly(arylene ether) comprises, on average, at least 1.5 hydroxy groups per
molecule. )

[0005b] In a second aspect, there is provided a method of isolating a

poly(arylene ether), comprising:



solvent by devolatilizing extrusion to form an extruded poly(arylene ether); and cooling the extruded
poly(aryiene ether) with a cooling belt to form an isolated poly(arylene ether); wherein the mixture
comprises about 70 to about 80 weight percent poly(arylene ether) and about 20 to about 30 weight
percent toluene; and wherein the isolated poly(arylgre ether) has an intrinsic viscosity of about 0.04 to
about 0.10 deciliter per gram as measured in chloroform at 25C; wherein the isolated poly(arylene
ether) has, on average, at least 1.5 capping groups per molecule; wherein the isolated poly(arylene
ether) comprises mpolyailyleheretheikhayigipesuE BB WREFRINAAED ALCHUR0CE §f Q7 and QB is
independendiyvoietiiiog ditnebutylafaine ety RRORACROLS ENGS AfiaahdR s Independently O to
about 12, prsvielet linagtherssivnafoanarickb dddihjeasbild yhierein devalatiizing gxiyusion.comprises
feeding the #nigkdredto. andextdietheaniprising atsleasiioaerharsgkhaving,adempsraiig, efahout 210 to
about 230Cfi=hdegtifsnstidne vent having a pressure of about 25 to about 35 kilopascals; wherein the
mixture is fed to the extruder downstream of at least one vent; and wherein a portion of the isolated
poly(arylen&dsties)tis redipcledirfoly dlitioneidithiefebd thrdatoftheexiroer isol2QP09] These
embodimerﬁ%lﬁﬁkﬁ}’é@ﬁéﬁbﬁ)@luding poly(arylene ether)s prepared by the methods, are described in
detail below. BRIEF DESCRIPTION OF THE DRAWINGS [0010] Referring now to the drawings
wherein like*8f8R1R S Hdrshmpbranyiencecthatieral FIGUIRES poly(afRhZ]Higtreohpansists of two
plots, each PIGERaRIY Fegidubhishmenetsmsarmranoncaga function of the pressure maintained at a
particular extruder vent; "P3" is the pressure of the third vent (counting from upstream to downstream)
for a devol%f’ gg’@ GrisidprebE ey isrtifig B 0detiliter piegraindolytaniadaetery that is a
copolymer 8f 2, 65GinEIRFToHERbI Mg Wesi &3 b amiethyL-25 Hydroxyphenyppropane; "P3 SAI20" is
the pressur‘ghof thet hird.vtent fora devoolatilizin extrusion process isolating a 0.12 deciliter per gram
poly(arylené 8?%321 5 %"ﬁSﬁ?ﬁRﬂ?ﬂtﬁ@PB’f SGRrRth§fonersst: perceloQrdy @itlmee3isea) pictorial
representation of 4 particdiFEev oY atEiRG ek SIS Hpphffatus 10 comprising an extruder barrel 80, a
dry polyme&gg%&%ogegqiqtlzo, a polymer solution addition point 30, four vents 40, a die 50, and a flaker
60 comprising two CoOUNterrotating rolerseprses [%?M%%ﬂ?@%ﬁ?é%@@ﬁ%@pmm@im ofa
particular dag\{%g{ig%jan LEXIT a:s\i}on ap aratus 100 comprising an extruder barrel 80, a dry polymer
addition point 20, a polymer SoltHion gg&ﬁ%‘ﬂ%ﬁ t?@@r ét?%‘ﬁ%?% die 809 and a cooling belt 110;
[0015] Fig ' ictorial representation of a jcular devolatilizing extrusion apparatus 200
comprisin(‘;él ?r%iﬁggréﬂg%\éf%a gras@uf)%?y%ké?%?ﬁlﬁgﬁ Bt %61 ePaERer solution addition point 30,
four vents 40, an auxiliary extruder 210, a gear pump 220, a die 50, and an enclosed chamber 230
that comprises a fialost PACOMPRISINGEYQ:-COWRRI ratating FRIlRrsa/ Anand @ eaolingfpls 130.
DETAILED DESCRIPTION OF THE INVENTION [0016] The present inventors have discovered
that many RS YO SRS ALBRRIESHith previously known methods of separating a poly(arylene
ether) fro lvent are reduced or eliminated.by a method of separating a poly(arylene ether) from a
e R R e e
by devolatiizi ' : 1N cComprisi e arylenc ether); and
cgolin th%%]&%w I&M& %ﬁigggg % ; S&Idgp c%/ Te Te%ﬁgt%%r Iif gdlg%tlégcggg Oktue )extruded
g X Sr?@:%ﬂ‘lﬁfe‘?, mﬁpﬁl FhORL egg}{&;c% it 0 ﬁle ext%u er gownstr OF tpe
compositigRwitheut, \WQ 20087124488PCT/US2008/0592 water Immersion of the extruded
composition. The low yields of precipitation processes are avoided, as are the problems of strand
breakage andligenrariiaion R dexslahlizing:smeinpiacansen hakuliize gyater cooling bath,
Surprisinghy i dslasalsepeen discovered that reactively functionalized poly(arylene ether)s tolerate
the process without significant reaction of their polymerizable functionality. The result is particularly
unexpectaghgivan:Heah same d&%@ﬁﬁ@%ﬂé@@ﬁ@%lﬁ%my&%ﬁglﬁQ@@Qﬂ?f)&ﬂ%&%@t&ﬁ%}?‘ melt

extrusion atskpiar ,’g@rﬁpﬁ{@gumswe;gm[gggez]ﬁ@ﬁlg@yp‘{@gIizing extrusion method is applicable not only
to the isolation of poly(arylene ether)s from the solutions in which they are synthesized, but also to the

removal ofvketernitiarnlasdipety afypely @neenasedhen-aantalingepTRBSIoN 4 o 218048] One
important feidtuike b ¢h et evatatilizirg erxdaisionisnetbed is tooling the extruded poly(arylene ether) with
a cooling device that does not employ water immersion of the extruded composition, The cooling
device is thaeeforehdistingaisheld frorereoating devicesthai@mpleyswatehimreersiesupé gxtruded
poly(arylemeiethigr) compositions such as, for example, water baths used to cool extruded strands of
poly(arylene ether) compositions. [0019] The devolatilizing extruder used in the method can be a
co-rotating twin screw extruder with a ratio of screw length to diameter (L/D) of about 10 to about 80
and comprising of a dry polymer feeding zone, at least one liquid feeding zone, at least one
devolatilizing zone (for example, a vacuum vent), at least one pumping section, and a die. [0020]
Three particular embodiments of the devolatilizing extruder are depicted in Figures 3-5. In Figure 3,
the particular devolatilizing extrusion apparatus 10 comprises an extruder barrel 80, a thy polymer
addition point 20, a polymer solution addition point 30, four vents 40 for removal of volatiles, a die 50
from which the devolatilized composition is extruded, and a faker 60 comprising two counterrotating

rollers 70. In this embodiment, the cooling device consists of the faker. WO
270N/ 12AA22PCT/I IKR?2N0NQ/NKO02A0 7 T00O211 In Eicdrnire A4 the narticiilar devolatilizina evtriicion




[0023] Although the use of the cooling device is described here in the context of a devolatilizing
extrusion process, it will be understood that the cooling device can be used in other extrusion
processes for poly(arylene ether) compositions. For example, the cooling device can be used to cool
extruded high-purity grades of poly(arylene ether)-ggntaining compositions. For such high-purity
grades, use of the device is advantageous because it avoids contamination of the extruded
composition via exposure to impurities in a water cooling bath with recirculated water. It also minimizes
water absorpj . ition, 0024] In some embodiments, the cooling device is
maintained gg%%%ﬁﬁ%%ﬁ%%%@y%l et[g %g@&tomgéss%g&f\{%%r@a%gfﬂsﬁ) (FEB&I80C, more
specifically about 25 to about 50C. It will be understood that the temperature of the cooling device may
momentarily rise above the specified temperature when it contacts the extruded composition. In some
embodiments, thefcoolipg devige is;capable;of cogling thg,extruded cognposition to a temperature of
about 20C to the ¢ sftion temperatyre afithe poly(arylene‘ether). [0025] hi some

' ing b&lt. Suitaple copling bbelts include the steel
Totowa, New Jersey.

! w iq water, glycol, liquid brine, and
mixture thereof. WO 2 4y ‘B*suchcooling fluids are typically circulated
in a way that th%}/ contac}@la face of the cooling helt opposite the face contacted by the extruded

£

compositionblllr:i\'V o aF Wor g;ﬁ‘f%%%%ﬂﬁ%(}hﬁ%dd%% REERFBE> dBRtad theigktruded composition.

[0026] In sog}%yel(rﬁé@oiﬁgﬂsé afhe?&% gggﬁrﬁ?\?‘%eeo ?fﬁﬁ i9d$ WidrreMenhspiayihatinElextruded

compositionwith & wafer mist™ O 488 7)1 S5 ‘smbodiments, the extruded composition is extruded

in the form t. astrand, or a film, and the cooling device comprises a flaker (including drum

flakers and Qrit{me?éﬁg%ﬁ"é%r%bﬁ%‘% 6ling belt 1h 8o gﬁ%ﬁﬁﬁﬁ?‘fﬁé%ﬁ%ﬁfﬁmiﬁgr‘&%ﬁﬁ%es a die

face pelletizgr RRY 8,caRlng W&é’b%&ﬂbgrﬁmgoﬂ%%ﬂSzf%%oc%f)o":ﬁgi?t%\ﬁe comprises an apparatus
or thi

for pastille formation and a cooling belt. Processes and apparatuses & $8Pmation are pastilles are

known in the,ad:if inelyds, forigxamrle. hesesaseribed in U.S. Patent Nos. 4,154,379 to Schermutzki
and 4,279,579 to Froeschke. : [?028] Particularly V\}%é%) g L{e%o%%graﬁ%%% ether) product must be free

of chemical arpasliasloke. GaRIATIRAR: coRlIoG IR SXIKUAES, pMnGSIion ¢an be conducted in a

h a 11, an . .
clean room. The clean room environment preferably comprises su s%an?lal‘fy ust-dfree, filtered air.
Suitable sysigmstode5aYe fustka j = i in the. clean room atmosphere include
systems conpeiging ﬁ@&gﬁ@gncy@ﬁ%@gﬁgﬁ %ﬁg%i?ﬁe@gﬁggt?ﬁa g%?g?g, %glé&é??oeé‘et%tic air filters,
and the like. In one embodiment, the environment where the cooling occurs has a clean room class
rating of about 100,000 or better, A clean room rating of 100,000 is equivalent to the maximum number
of particles (100,006 fa\hwpdeizenpehterthanomedsd &7 QsBlARisTOMEIeN ASTEUbig,fRot. A clean

room rating ef:aRak: 0, A0 0mRel L, DAY, sed, with a clean room rating of about 1,000 or better
preferred. The rooms%or equi ‘rhgent where t%% %%)ﬁg ary|SHE EINE S-RE @ TH B RTb&MsoR is cooled

may be encie¥dn W fielrd irags sraeystere vibrsre i thistsydie s dirigseentimepy siidiltered to
remove airbmné@atﬁé%ﬁtﬁﬂe&@@@%&éﬁ@%&ﬁ’%(y§29(Q§{%59ﬁ%ﬁ9
t

2 5 0%39# some
embodiments, the qevol?ﬁili ing extrusion comprises introducing the po?y{ary ene e %tr?-containing
A e i

solution to aF iR A SUpRrhEaied Selpledrnlie ettt fotdrrdducingetpeosplution to an

extruder in &%ﬁﬁi’k&afsdm@&@f@mgqsﬂyﬂaeﬁdﬁb%tﬁeﬁ@&ﬁﬁﬁigé,&Z%@ég)gg%{qgggngset al. By

"superheategll r’%ﬁ%gtg@{ the selytion is at a temperature greater than the boiling point of the

solvent at atmospheric pressure. Typically, the tempe affﬂ?%(?ﬁ’ ﬁ‘éesﬁ'%‘éméé’c@ﬁrmméﬂsolvent

mixture will BEA8BA 24 abd 2PDUE Higimsr thamthesideling pairteftie-solyantatatmespheric

pressure, specifiealpoahaviche %PPHésléf?%'%@ﬁhm%g%pefiggg@ f?B%m 5Q to about 100C higher.
o ve

In instances, where there are multiple solvents present, the R/mer-so t Thi%ear %?Uperheated
with respect#5 AiTcRE BAE 87 (REASIVEIT eRlnipBianes 20 kerettreipohymersoiventpidure contains
significant aiours of kbtuthighws R@ﬂi”ﬁ)ﬁ&)(lé&?wﬁe itdS. sometimes ntageous to superheat
the polymer-solvent mixture with re%léz%‘ta to all solvents preééﬁzeri éﬁ%t%?%ggvvgotﬁaﬁb%iﬁﬁg point at
atmospheric pressure of the highest boiling solvent). Superheating of the polymer-solvent mixture may
be achieved by heating the mixture under pressure. [0031] There is no particular limitation on the
physical form of the extruded composition when it encounters the cooling device. Suitable physical
forms include pellets, prills, pastilles, films, strands, sheets, flakes, and the like. Methods and
apparatuses for fonning such physical forms are known in the art. For example, pellets may be formed
by die face pelletization. As another example, pastilles may be formed by the methods described in
U.S. Patent Nos. 4,154,379 to Schermutzki and 4,279,579 to Froeschke. In some embodiments, the
extruded composition is transferred to the cooling belt in the form of a film, a strand, or a sheet, and
the method further comprises breaking the film, strand, or sheet into flakes or irregular particles.
Suitable apparatuses for breaking a film, strand, or sheet into flakes or irregular particles are known in

the art and include, for example blades and finger breakers. [0032] The method may further
comnrica nackanina the conled aviriided comnocitinon <siitable nackanina matariale inchiide for



and the solid polymer consists of the same poly(arylene ether) in solid form. For example, a portion of
the extruded poly(arylene ether) produced by the process may be "recycled" for use as the solid
polymer. In other embodiments, the solid polymer comprises a polymer other than a poly(arylene
ether). For ex@thples/ thetgsolid polymer could be a homopolystyrene, a rubbersrmesifiesspalystyrene, a
polyamide, a polyester, a polycarbonate, a polyetherimide, a polyolefin, or other polymer for which
useful blends with poly(arylene ether)s are known. The solid polymer is typically in pellet or powder
form when it is added to the extruder. The ratio of the feed rate of the mixture to the feed rate of the
solid polymer ¥ HePals50t 194671 4B R So¥ifiiamprassiraagosommtat Serdingtibenore
specifically ahatiitlsd Gteraboutd0:dompris[0936]dndependent abwhethenaselid-polymssnis added to
the devolatiliz r&%extrud%r %ggcp(%féy ene ether) s%ution can be added to the extruder downstream
of at least oné Vadudhf Veri> TIH SBEIHEH 568G B HsvEia Y exiigddiethédevolatilizing
extrusion appheiaiuscesén be a wiped film evaporator (as described, for example, in U.S. Patent No.
6,860,966 to Parrillo et al.) or a polymer stacked heat exchanger (as described, for example, in U.S.

Patent No. 4,608 2639 AAneid @R bnodi- 3R] Tt aplhtion atiady ceddn dis drvalatiizing extruder

comprises a poly(arylene ether). Suitable poly(arylene ether)s include those comprising repeating

structural unitsCHEVING e TBITHINE YAEI S 0tBR P A BEPOTRIS B0 IS 24de12 HIRdtaEHTary
hydrocarbyl, Gdned2 hydracaahyiihio Ghatdmn(Gol-odd Rydreeakul) Soly@disnt2vdiocayloxy, or

C2-C12 halohydrocarbyloxy wherein at least two carbon atoms. separate the halogen and oxygen
atoms; and eaééﬂﬁlcr)l cLt?r%eFaixc){em(()ﬁé % fr’;BIi {t el%léenggﬁf Wﬁ}&r&g&?ﬁ?ﬁﬁo@"%% SBstiuE S ubstituted

CI-Cu hydrocasiyfeprouid eththat tHeydtbearbyhgeouprisrivet: tesbaty7Hy drotaily ROCT L2
hydrocarbylthj - g - haloh carbyloxy wherein at least two carbon
atoms separr;#%r%%ét I%aéﬁsleﬁ? g%gda%%kg;(%i %?atr)br%:‘s%. 9&%?0%)305% %Jl’éjsgr%ig\g éprﬁéga?raéorl%tt}g?tehea%%ly(arylene
ether) comprié@sreis-tisnstigiadapphényiere ahser basitan Aigresitmeshsita of phewyfefé ether units, or
a combinationherBab ISP RMbaTenLasIRe RPRRIEAS Snatlis mRUN(@O iRy 1-1.4-
phenylene ether). The poly(arylene ether) can comprise molecules having aminoalkylcontaining end
group(s), typiealiaaesie ¢ hea peisitoAveries & tewsthyéiiodraro arsuntsetagleentty whesdnt are
tetramethyldigheReauages (EMEQ}85Y &rRuRsetyRisal-oRiRIRaM Tam ;2 Halimathyirhenol-containing
reaction mixtures in which tetramethyldiphenoquinone by-product is present. The poly(arylene ether)
can be in the formp of a homopolymer, a copolymer, a graft copolymer, an ionomer, or_a block
copolymer, as well asoa¢ombinatipns ggmprising at least:one of the,foregeing. o7 [0040] ha some
embodiments, the poly(arylefie ether) cgmprises, @n average, At least|1.5 OXy groups per
molecule. Such poly(apylene ¢ ; 3 [ \
monohydric pHen8 an Y
2,6-dimethylphenol, 2,3- ethylphenpt-a0d thedike, ape-ri(xtures therg uitable polyhydric
phenols include, for example,;3,8',5 5 Aetrarngthy1-4,4'; 122" 1y
hydroxyphenyl)propane, 2,2-bi 3,5-ciimethy1-4-hydroxyphenyl)propa e, 1,1-bis(4-
hydroxyphenyOmethane,1,1-bis(4-hydroxyphenyeethane,2,2-bis(4-
hydroxyphenyl ane2.2-bis(4-hydroxyphenpyl)butane, &, 2-bis(4- hydrgxyphenyl)octane,
1,1-bis(4-hyd)éé)%)%%%enf)ﬁogrop?a(gr%,n%lfc-bié]lhﬂf-F@’droa>1<1§phg‘%y1}§ n-%il#gﬁré,e% Y ngtgy} o
bis(4-hydroxyhtiebyiyistieinginrstibrmadisdchis(4unypdrexst 3- méthyiphenytjcizoidhéxanaiolt, 1
-bis(4-hydroxy;3 a-dimethyiRhen ey IPRenines Ly b 1S (vl Qfé)éb%&tﬂizing extrusion
,5-dimethylphenyl)cyclohexane, 1,1-bis(4-hydroxy-3- methylphenyl)cycloheptane,
1,1-bis(4-hydF8RPEEes disHas iBhEHYITEG db A SaREch comype mEon e resuasra T bEy A 8/059249 13
bis(4-hydroxyearpeaifiviohiemdeyvaloastangs bioaisdhydroxy-3.ar inethyrhanyevsiaactane,
1,1-his(4-hydroxy-3-methylphenyl)cyclononane, 11,1-
bis(4-hydrox3%—%,t§-ﬁf?ﬁ*’étﬁ IR RS BhEAEN b MU Gl i S s criatbg sems BeaISdecane,
é,1(—bif](éghyd&okg&@,ﬁrﬁlwr?ﬂhgidhﬂh&hmﬁﬁy@lp&ﬁaﬁnﬁgtﬂ?hﬁlﬁed poly(arylene ether) is recycled
is(4-hydroxy=3-metk cycloundecane,1,1-bis(4-hydroxy-3,5-
dimethylpher)% %9‘?[%3/?3 e%c%%%%ﬁg Q|%{ggﬁcrl?)l/%?(%]t)i{j)fgﬁfmethylphenyl)cyclododecane,
1,1-bis(4-hydroxy-3,5-dimethylphenyl)cyclododecane,1,1-bis(4-hydroxy-3-t-
butylphenyl)propan&$V2bisiategidespdimediniethyisiedyDbrepatieR 2 bik@rylene ether),

comprising: removing volatiles from a mixture comprising a poly(arylene ether) and a




hydroxy-3-bromophenyl)propane, 1,1-bis(4-hydroxyphenyl)cyclopentane, 1,1-bis(4-
hydroxyphenyl)cyclohexane, 1,1,1-tris(3,5-dimethy1-4-hydrxyphenypethanel,1,1-
tris(3-methyl-4-hydroxyphenypethane,1,3,5-tri s(3,5-dimethy1-4-hydroxyphenyl-1-
keto)benzendV e, 3y88tH8(8%5-dimethy1-4hydroxyphenyl-1-isopropylidene) benzenesos/os9z49
2,2,4,4-tetrakis(3-methyl-4hydroxyphenyl)p entané,2,2,4,4-tetrakis(3,5-dimethy1-4-
hydroxyphenyl)pentane,1,1,4,4-tetrakis(3-methy1-4-hydroxyphenyl)cyclohexane,
1,1,4,4-tetrakisf,5-dime&hyl-él,—hydro%)(g)henyl)_cyclohexane, 1,3,5-tris(3,5-dimethy1-4-
hydroxypheny§bERzeNe 1973 & LS. RS 284 Ry Bk Bhniestsenpeletylgp sper: and
hydroxy-5-mettylibgniyl psdrodethybplientdnd , Gidimethly 1« 2040its thhyeréxyn3an isolated
methylphenyl)-2-heptene -dimethy1-2.4.6-tris(4-hydroxy-3,5-dimethylphenyl)-2- heptene,
2 -dimethy A G o oo Aoyt Toout B iR
2,4,6-tris(4-hydrossi-3ahéuyiplieribh eptéd @4 20iS(4 dypdt Xy -Beigtetwpipbnilisapropyd) phenol,2,4-b
I s(4-hydrox ye3, R glimethylphe A@@%;m'msaQJaEeQ;@'ﬂﬁ(:ﬁ;mdsrgéxgﬁg%?tQmWD%ethane,
tetralcis(4-hydroxy-3,5-dimethylphenyOmethane,tetrakis(444-hydroxy-3-
methylphenylieptSp\fidsabienaoneatiatfentetskis (@ sbigradosy-8, 55°C; wherein the isolated
dimethylphenylisppronydlaheneiyipeihane, andmixuigs therefin some, smbediments, the

polyhydric phenal comprises 3 to 8 phenolic hydroxy (_?roups per molecule. [0041] In some
embodimentsfHEWRRHARIEH EIRE TS SBIRIRA SR Py {aRy I Efe LhEH HdpEratBy oxidative
copolymerization of 2,6-dimethylphenol and 2,2-bis(3,5-dimethy1-4-hydroxyphenyl)propane. An
illustrative initial reactipn mixture gampgsition for oxidative copplymerizatiop of 2,6-dimethylphenol and
WO 2008/124§§8Pg /US2808/059249 14 2,2-bis(3,5-dimethyl1-44hydroxyphenyljpropane is as
follows: 50192 partd|by weig 2 6-dimf hehol, 1 parts b ight of tbluene, 503 parts by
weight of di-n-b ylacmir?e, farts by toffdirn bu?ya \ 64 darts weight of a
diamine mix ¢6htainin N,N/dibitylethylenediamifié and didecy! dimethyl\ammdnium ¢floride, and 353
parts by weight of a cataly8t mix Eohtaitfing 6.8'weight'percerft'Cu20'in aq#€ous hydrogen bromide.
The polymerization reaction is conducted by controlling the temperature and oxygen concentration in
the reaction vessel. The concentration of cop&?r in the &Qlymeri,zation reaction mixture is about 125

parts per milliSREERwefgft b£&58 6HRe Mtal'Weightof the risaciArRiRAEEY orBeiBut 499 parts per
million by weight-basedoiihenweight ehaobanytene etheshproduaiadheomsentatipsuof poly(arylene
ether) product,n the polymerization reaction mixture. is 29.8 weight percent based on the total weight
of the reaction LG R T b P TRl b Gyt S A8 A FUREBty of .06
deciliter per grampmeniedag thehigrofore ap2sGuder c¢oGtRjlp solmmstembbdiraentsithe poly(arylene
ether) is a capped pehdaisgs SNt Maarprabaianiens siben s paly@ndenc.eer) in which
at least a portior of the farminal phenolic hydroxy ‘groups 1S capped with a capping agent via an
acylation or a@ﬂzytﬁt@ﬁl reaetion, for dxapistelProbedinetfomoappmgspbiv(dryltne athelys with reactive
groups are kngwn.ipthe At 368 Iexamale Wi nRlepsNes & 4068 b Brapset al. and

6,627,704 B2 to Yeager et al. One,e'xampie of such a procedure is the reaction of the uncapped
poly(arylene EEHEN SRR RRtESICRIARISRIS s hieah pé o estsriac (N, N-dimethylamino)pyridine as

catalyst. In some embodiments, the poly(arylene ether) comprises, on average, at least 1.5 capping
groups per molecul&X®atHloappedpdiytaty erectdthes;)sanainbe digpatad: biheappingapaly(arylene

ether)s compt;'gsmgn&&gg&r&gg@&l@gﬂé&%g&g@& hydroxy groups per molecule. [0043] In

some embodiments, the extruded composition comprises a poly(arylene ether) having the structure

15 wherein I__has the structure ‘
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Referring now to the drawings wherein like elements are numbered
alike in several FIGURES:

[6011] Figure 1 is a plot of residual toluene concentration as a function of melt

teraperature for devolatilizing extrusion of a particular poly(arylene ether);



wherein each occurrence of R5 and R6 is independently selected from the group consisting of
hydrogen, halogen, unsubstituted or substituted CI-C12 hydrocarbyl provided that the hydrocarbyl
group is not tertiary hydrocarbyl, CI-C12 hydrocarbylthio, CI-C12 hydrocarbyloxy, and C2-C12
halohydrocar3jlgrysiwhiasein at least two carbon atoms separate the halogetrang@gxgenatoms; x is 0
or 1; and Y has a structure selected from the group consisting of RgO Il - ij -0, -N--, -C- ORg and
OR9 wherein each occurrence of R7 is independently selected from the group consisting of
hydrogen and Cl-CJ[Z h drocarb&l, and each occurrence of R8 and R9 is independently selected from
the group consisting 8%1){}0}:&%5‘71 CBIFhYdroEaBitasace ek WB‘(&’&FBV@% n R8 and R9
collectively forgnee@dufdh2alkylentgralphe aetsssMOn20Q81124 488 PGSR 008/059249, 16
occurrence of,%%,@ irﬁgee r%Qs%Qtl pglage({wvunn[s bstittutegéor substituted C1-C12 h%grf%carbyl provided
that the hydrocarbyl grotip is not eﬁlaryrhydﬁroc SOV L T RS HrEERIB RIS EREL R drocarbyloxy,
or C2-C,2 hald¢nmetibanhy s sidiepeincas leaistitwe Otb dncitompeseparage fi{erfiategesiegnd oxygen
atoms; each rrence of Z2 is independengly. ,.halogen, upsubstituted or, substituted CI-C
12 hydrocaer?%rJO\%igeg th;%tgtﬁ%%gdro%grsjy%gg%gggﬁs otﬁgﬁia%fﬁyﬁggﬁ%# g%né? %ydrocarbylthio,
hydrocarbyloxy SEP sy DriaidRS/drdtarByibXy witerdm atdesase wwb chebsrrdtorr s&parate the

halogen and axygeniaiamsinnane graseindensndenthQiteitQQ ﬁpgigﬁﬁbmwﬁ@ﬁﬁy%@?y and z is at
least one; eac %)ccu rence f)f iséﬁ’%eﬁén%ﬁgtg%hymogen, (meth)acryloyl, styryl methyl. , or
glycidyl. 64151]3I SO b 8amente e #lled composition comprises a ringfunctionalized
poly(arylene ether) comprising repeating structural units of the formula wherein each I]-L4 is
independently hydrd§ehs l& Gure 321alky biffotip! appedhenytioroub sopatiailynytgretipzwherein the
alkenyl groupcigxeRse 3pPIRREN 0 comprising an extruder barrel 80, a dry polymer addition point

20, a polymer solution addition point 30, four vents 40, a die 50, and a flaker 60

comprising two counterrotating rollers 70;

[0014] Figure 4 is a pictorial representation of a particular devolatilizing
extrusion apparatus 100 comprising an extruder barrel 80, a dry polymer addition
point 20, a polymer solution addition point 30, four vents 40, a die 50, and a cooling
belt 110;

[0015] Figure 5 is a pictorial representation of a particular devolatilizing
extrusion apparatus 200 comprising an extruder barrel 80, a dry polymer addition
point 20, a polymer solution addition point 30, four vents 40, an auxiliary extruder
210, a gear pump 220, a die 50, and an enclosed chamber 230 that comprises a flaker

60 comprising two counterrotating rollers 70, and a cooling belt 110.
DETAILED DESCRIPTION OF THE INVENTION

[0016] The present inventors have discovered that many of the problems
associated with previousiy known methods of separating a poly(arylene ether) from a
solvent are reduced or eliminated by a method of separating a poly(arylene ether) from
a solvent, comprising: removing volatiles from a mixture comprising a poly(arylene
ether) and a solvent by devolatilizing extrusion to form an extruded composition
comprising the poly(arylene ether); and cooling the extruded composition with a

cooling device; wherein the cooling device cools the extruded composition without



WO 2008/124488PCT/US2008/059249 17 wherein L5-L7 are independently hydrogen or methyl,
andais 0, 1, 2, 3, or 4; wherein the alkynyl group is represented by wherein L8 is hydrogen, methyl,
or ethyl, and b is 0, 1, 2, 3, or 4; and wherein about 0.02 mole percent to about 25 mole percent of the
total L'-L4 subgtittteste4#sthe ringfunctionalized poly(arylene ether) are alkppyl@ngienrajigyny! groups.
[0045] There is no particular limitation on the poly(érylene ether) in the extruded composition. In some
embodiments, the poly(arylene ether) has an intrinsic viscosity of about 0.03 to about | deciliter per
gram as measured in chlorofolin at 25C. In embodiments in which a low intrinsic viscosity poly(arylene

ether) is prefelfid" (ETHERAArEME et BP edneABPeArrmtrindie Viskoxig)der bt itaérabout 0.25

deciliter per gramedpeembogtinraisinwhich groganlovrintinsis-palyariene sthendspreferred, the
gsét}}/ f about 0.03 to about 0.15 deciliter per gram,

poly(arylene ether) can have an intrinsic vis ' _
specifically ab%safto fﬁ%@z%%ga%%%‘?i%B*f%%@éﬁﬁﬁe% BEFBPARY TS SRR ab o668 Yo ot 0.09

deciliter per g%@malso bf@@ﬁfﬁicma‘@dliﬂm toathis Pplyfarylend etheqlheysokiianfrdise:-the devolatilizing
extruder compses.a.sghvenk,Puahie s9/¥enia pclyds, {or example, halogenated aliatc
alog

hydrocarbon solvents, aromatic hydrocarbon solvents, ena ed aromatic ?ﬁ}/a ?i carbon solvents,
and combinatfieia!tidratruspecmeaarimcniimioensast wipfaidinyeioohredzplvents include
trichloromethang(ehioriourlietasiioremnsihass(earhan ietrachloride), dichloroethanes,

dichloroethylenes, trichloroethanes, trichloroethylene, tetrachloroethanes, pentachloroethane,
hexachloroethane, t 5%[ nethane, .dibromoethanes, and combinations thereof Specific examples of
aromatic hydr.ocar‘bcEn m%%?s‘?ﬁ‘éﬁ%‘eﬂ% %}Rﬁﬂ%ﬁéﬁﬁgﬁﬁ@%ﬁ%@%§ B&nZ&ne, toluene,
ethylbenzenelsgiefe sl aatycartipinations fhrercbiSpécifio exanipléstofshatogeribteidardmmatic
hydrocarbon galyegtsipciuds ahlarobanzene.dichlarghenzenes and iri h'&ﬁ%ﬁ‘? and
combinations thereof In some embodiments, the solvent’is tolger%&g’ FOO47 O%%éﬁr%%gdiment isa
method of isofalRGE 98 (arylene ether), comprising, removing volatiles from mixture comprising a
poly(arylene ether) and a solvent by devolatilizing extrusion to foim an extruded poly(arylene ether);
and cooling the extr({fé@ pohy(anpletereftrmyavithie deotingbehistexfensan-istlatad polarylene ether);
wherein the isglatsd.paly (uien AeA S seifcled A e grodp.cansisting ot polyhydroxy
poly(arylene ether) comprising, on average, at least 1.5"hydroxy groups per motecule, a’polycapped
poly(arylene ETHBFISEShDH IS F¥ Lo s vorapesi Bete abielcBodapping ayroups ploraotsoetéshadd mixtures
thereof; wherﬁ&i%@ﬁ@@tﬁ%@y@w&ﬁ}ﬁ@twaebm&%ﬂ@%&dﬁ&%’%ﬂ%&%ﬁ%&%@&? about 0.15
u

deciliter per gram as measured in ¢hloroform at 25C; wherein the mixture comprises about 65 to about
85 weight pefCSMBBITETHSReAEHER) BT RISo Tt 8 theisobitess il E?@Fé@?ffmt;oﬁnd wherein
devolatilizingpei(usitncehprisesfetding the mixture to an extruder comprising at least one barrel
having a temperature of about 200 to about 235C, and at least one vent having a pressure of about 20

to about 40 kilopasgalsiseme mbRsientsthe RAlYRIYIRNE, SIS SRIWIOD gomprises about 70 to

about 80 weight percent poly(arylene ether) and about 20 to about 30 weight percent sofvent. In some

embodiment$™MAe e S BHEr VEHE Hatioppé sStry denadole 252 tacitiodyB5 rflepascasio  [0048] In
some emboditrentsooiihemeihagobisolaing BRelyiamiens-sther idhe deveiatiiziagigxtrusion

comprises inggd@ucgpg trsj%g)olyéar {eﬂe ether% so(#;[?ion to an extruder in a superheated state. In some
embodimenté the {Sofated Poly (aryené Behar e ﬁr?%‘é@?é%s%h%%@%ﬁté%@?%iﬂ% by weight of
an antisolverufiop iine spoiptamidnealzther). In some embodiments, the isolated poly(arylene ether)

comprises about 0.1 to about 1 weight percent solvent, specifically about 0.2 to about 0.8 weight

percent solvent, mqusspetificallyahaut0.dis AeLLQ-Gvaight Rergent splvent, WO o
2008/124488 CT/USZ%OS/059249 19 [0049] In some embodiments, the isolated poly(arylene

ether) is a pSIFRITHEHORAFBER Aryie e BaHE c 1R BrEiNGlep Asrolraiena creasi s A=Gehal groups Q
per moleculel Grdmyhistsinthexisalatashpely§aryiens eibigmaonapiises ponalyl@ndensg,atber) having the
structure solution addition point 30, four vents 40 for removal of volatiles, a die 50 from Whicﬁ

the devolatilized composition is extruded, and a flaker 60 comprising two

counterrotating rollers 70. In this embodiment, the cooling device consists of the

flaker.



wherein R is the residue of a polyhydric phenol; each occurrence of Z1 is independently halogen,
unsubstituted or substituted CI-Cu hydrocarbyl provided that the hydrocarbyl group is not tertiary
hydrocarbyl, C1-C12 hydrocarbylthio, CI-Cu hydrocarbyloxy, or C2-C12 halohydrocarbyloxy wherein at
least two carBgh2a68itig48éparate the halogen and oxygen atoms; each ocegrranaeiehz2.4s
independently hydrogen, halogen, unsubstituted of substituted CI-C12 hydrocarbyl provided that the
hydrocarbyl group is not tertiary hydrocarbyl, CI-Cu hydrocarbylthio, Ci-C12 hydrocarbyloxy, or

C2-C12 halohydrocarhyloxy wherein at least two carbon atoms separate the halogen and oxygen
atoms; each occurriq %fyﬁv%égﬁﬁe69rli%iférﬂ?&iﬁz‘f@ﬁﬁﬁﬁfﬂfﬁflﬁ?&ié‘&ﬂﬂﬁ?tﬁ@@ﬁ?ﬂlﬁf HPoccurrences

of m is at leastolnprisahicheisrhierbumbies Qfapdly (aiylepedtdischgreupshounddadr {siatithe number of
repeating units aratin d Q). is at least 2, specifically 2 tc ut.10, more specifically 2 or 3 or
4, still more s%%gcll |%%Ff§/nf? %’%ﬁ%@%ﬁfﬁeﬁl&%ﬁ gisa ifi é%gr%ﬁeﬂﬁ)% h%?%lﬁeeﬁ}} ?n‘ﬂel{he)rgtryloyl, styryl
methyl, or glydidghqithdugre admwitogéharsaiiigettdidinarily considered a functional group, it is a
functional group in this embodiment because it is part of a reactive phenolic hydroxy group.) [0050]
In some embodimersAtiespoiyhyeris, phenehis adibydvis ahenot havingdhe sisuicidce 2Wg0
2008/124488PCT/US2008/059249 20 é\/he(i%ein egf%l opg rrence of Rl and R2 and R3 and R4 is
independently SBfa %Saaﬂéﬁ%fkﬁgg%a% R B BF Ry GHOGEAT RaIBh et EPRb3hyasEsibylinio, C -
2 hydrocarbyleii@PsGi2 haldhytlhecardylexywihiensimatiéast tiva gazbpmnatding, sehardie the halogen
and oxygen ajoms Upsubs ME%Q rorz%lébstﬂ yted C1-C12 hydrocarbyl provided that the hydrocarbyl
group is not terﬁ@r@ﬁ;%rocar yi% zisOor1l; an(%\ Y(%gnsf’)l gsﬁp?ugtu%g?(seéle%ﬁecf ?%Prl{l%ﬁgggﬁggp consisting

of wherein 8N BECaEhEE BPRY. g1 deperidentisiséléctdd tronethieogroaptcosisttigsof hydrogen

and C1-C12 hydracashyliRpdheachoerusance QbR&.ard R is independently selected from the group
consisting of hydrogen, CI-Cu hydrocarbyl, and Ci-05 hydrocarbylene wherein R6 and R7 collectively

o a CEC12 o 1 sl PR il i peuicdnong e pobmie
average, at ledst deSdinidrory grbupoperosreie dutalahd wompiisdsiaibly tanliepeatihedanaving the
structure 21 pe Qelrln other extrusion processes for poly(arylene ether) compositions. For

example, the cooling device can be used to cool extruded high-purity grades of

poly(arylene ether)-containing compositions. For such high-purity grades, use of the

device is advantageous because it avoids contamination of the extruded composition

via exposure to impurities in a water cooling bath with recirculated water. It also

minimizes water absorption by the composition.

[0024] In some embodiments, the cooling device is maintained at a
temperature of about -30 to about 150°C, specifically about 0 to about 80°C, more
specifically about 25 to about 50°C. It will be understood that the temperature of the
cooling device may momentarily rise above the specified temperature when it contacts
the extruded composition. In some embodiments, the cooling device is capable of
cooling the extruded composition to a temperature of about 20°C to the glass

transition temperature of the poly(arylene ether).

[0025] In some embodiments, the cooling device comprises a cooling belt.
Suitable cooling belts include the steel cooling belts commercially available from
Sandvik Process Systems LLC, Totowa, New Jersey, Cooling belts may, optionally,

be cooled with air or a liquid such as water, glycol, liquid brine, and mixture thereof,



wherein each occurrence of Q7 and Qg is independently methyl or di-n-butylaminomethyl; and each
occurrence of a and b is independently O to about 12, provided that the sum of a and b is at least 1.
Such poly(arylene ether)s may be prepared by copolymerization of 2,6-dimethylphenol and
2,2-bis(3,5-dimetitgdsd4dsgdroyphenyl)propane in the presence of a catalysigompsisipescpper ions
and di-n-butylamine. [0052] In some embodinents, the isolated poly(arylene ether) is a
polycapped poly(arylene ether) comprising, on average, at least 1.5 capping groups per molecule;
wherein the isolated poly(arylene ether) comprises a poly(arylene ether) having the structure

wherein R is At ReStiiB o LB Ry aREBheristtchib e iba shey dennaepdnrrenfliiihalogen,
unsubstituted @paubsHuiag &Gl thydsocaryl pravided thatthevdresaray GrepR dsdaot tertiary

hydrocarbyl, C1-C12 hydrocarbylthio, CF-C12 hydrgocarbyloxy, or C2-C12 halohydrocarbyloxy wherein
at least two cﬁ?ﬁgﬂ%ﬁg&u Se%%%a?@ﬁﬁ?ﬁ%%%g“@ﬂ%%@SW%BW%QWOCCU rrence of Z2 is
independently hydrogen, halogen, unsubstituted or substituted CI-C12 hydrocarbyl provided that the
hydrocarby! group isl ie#GbHiafghy drebaryient - Ge2depdirar atbiyithiopiwi@es a2 means of

2008/124488E&%ﬁggg@%@m&%@gﬁmﬁpmpy@éﬁ%gz-C12 halohydrocarbyloxy wherein at least
two carbon atoms separate thc halogen and oxygen atoms; each occurrence of 111 is independently O

to about 12, provide e sum of all occurrences of m is at least 1; n, which |s the number of
capped poly(aryleneﬁngaéﬁr?%hsgﬁg lgronuﬁgq oeé?’isr&laet Fe%lsrgigs Oé%ﬁ?éﬁi@}“z‘foeé%é% g r%lgre specifically

2 or 3 or 4, stitriord gpekifiballysiredchroediire el chR8 islingdependenty:Gis« 12 fisidrocarbylene;
each occurreneg g dsdndepsRasniv &a1 ﬁa@(@&eﬁ%ﬂoagg&aﬁm%%Pfﬁgog%ge&%%ﬁ%&té 'S

independently hydrogen or CI -Cie hydrocarbyl. ] In some embodiments, the isclated
poly(arylene é}i‘ﬁe??‘l“%g% SR aveeRye TR aste Saca Rt s s pecasdiee dialiandicspmprises a
poly(arylcne ethpsiiliauing thestusiueyicyharginensh Qermrenes el QrandL8ds independently
methyl or di-n-bL{txla@iinor ethyl; and each occurrence of a and b is independently 0 to about 12,
provided that 1h& SEA°0F &' AATHTE Alq&RREpLuses %O A RINABP I AP e dEriBstpdy functional

poly(arylene éthen)s imaycbaigatrninardmounts dfstitiedutal UkitsPoemedas 4 resaltoiside reactions
occurring durmwﬁgﬁyﬁgﬁgﬁgwwﬁgg@% processing. For example, when a polyfunctional

poly(arylene ether) is prepare method comprising oxidative polymerization of monomers
comprising 2,6-dimethylphenot in the presence of a secondary amine, thermal decomposition may

generate minor amdiAtS bF HE LRI IFAFURE ROB(B0bER 2PBBPEorre) SPBghysGa D3

chemical or particulate contamination, cooling the extruded composition can be
conducted in a clean room. The clean room environment preferably comprises
substantially dust-free, filtered air. Suitable systems to remove dust and airborne-
contaminants in the clean room atmosphere include systems comprising high
efficiency particulate air (HEPA) filters, dust collectors, electrostatic air filters, and
the like. In one embodiment, the environment where the cooling occurs has a clean
room class rating of about 100,000 or better, A clean room rating of 100,000 is
equivalent to the maximum number of particles (100,000) having a size greater than
or equal to 0.5 micrometer per cubic foot. A clean room rating of about 10,000 or
better, may be used, with a clean room rating of about 1,000 or better preferred. The
rooms or equipmcnt where the poly(arylene ether)-containing composition is cooled
may be enclosed in a positive pressure system wherein the system’s air is continuously

filtered to remove airborne particulates.

[0029] In some embodiments, the mixture comprising the poly(arylene ether)

and the solvent is a solution.



wherein the wavy bonds represent connections to the remainder of the polyfunctional poly(arylene
ether) molecule. [0055] In some embodiments of the isolation method, devolatilizing extrusion
comprises adding a solid poly(arylene ether) to a first section of the extruder, and adding the
poly(arylene stherpgsotutian to a second section of the extruder downstreapr@fithgdistsaetion. hi
some embodiments, the solid poly(arylene ether) i$ a portion of the isolated poly(arylene ether).
[0056] In some embodiments, the poly(arylene ether) solution is added to the extruder downstream of

at least one vent haviné a}ﬁressure of about 20 to about 40 kilopascals, specifically about 25 to about
35 kilopascals. In soi&8hBodifieht<ihednstiger bsmprsdattizedst fNDvehts ©aspriTdependently

having a pressufedotaipatié pMQ 20RBA2AIBBRGIAIS 2008058240220t abeut AR kipascals, or at
least one vent te?chééng%gg?d?nt% ha%/in a %ressure of L?b,out 20 to abog:t 40 kilopasca_ls& or at least
four vents each md&pendéntly Havifig rﬁ?gg B R Mot SRS 4B SHHHEKiBFaLe5IE52t¢ [0057] In
some embodismentss thesodaling Bek.iBmmaiitairetla’d dasiperature ofabayt 3R dt.ahatit 150C,
specifically abot t re ifically about 25 to about, 50C... 0058]. In some

em bodimentgﬂﬁe%ségi]a%t%%aptg%%%gll gj r?eéet %e% r){%én Fr%%%rfo%% rf%&ags{%ero?r?lehgnglg% E61:51%1 i%:#elg , As
described abd9& fitthE comesaheripoRyearyiend mrallycoltiai tinmpextraieel codmpositibageflakes or
irregular partiglasmaydecrenaned byphysically breaking Jpa il stiandaRrhess pigxtruded

poly(arylene ether). [0059] One embodiment is an isolated poly(arylene ether) prepared by one of

the above-de&éribedoieth g4 aHIRGHpASHY e P thdisdlveteal 0100 peitts! e mbligdatby weight of
an antisolvent for.hgseleies RRMTYSRe,EerolRams, smbadimenis.the jsplpied pplv(ayiene

ether) comprises about 0.1 to about 1 wei{ght percent solvent. ~ [0060] One embodiment is a
method of isoTatiHg 8 FOKFAARETRE B o LERPBrIaHG T eRiEVIRg VIRt e Y itixesPECE dMnprising a

poly(arylene ethiesyanst a solventhydavelatiizinovexdtisiendtofermnan axtided pehy@anyiene ether);
and cooling the e>§trudted r%o!}/ aryl ng %tih r) with % (iooli g helt to form an isolated poly(arylene ether);
wherein the riitrs EonBrREEA85uP 70 18 5Bodt 8o Wei cEN By (dfyEn 8 BBEER}Sind about 20
to about 30 walgtttpereentdclusmeeartiovhéysier-thdvisal atedpelwWaliytene«the gihagwantintrinsic
viscosity of a abeut 0. liter per gram as measured in ¢hloraform at 25C; wherein the
isolated poly(%%él%%g%%ﬁé% a%gggo%ga%%%gl éggxgtlggaﬁnf% %?&?/Sa%eu%gsﬂb%ﬁr%(ﬁset(;%u(iﬁi;%herein the
isolated poly(&HyieHe supsrhesing A58 appitasylsne sthdvhaninbethdistradturécaiavherein each
occurrence ofQ42082& {s-dadgpendently methyl or di-n-butylaminomethyl; and each occurrence of a
and b is independently 0 to about 12, provided that the sum of a and b is at least 1; wherein

devolatilizing extrusj rises feeding the mixture to an ext uder camprising at least one barrel
having a temperatuu@acl)gﬁﬁ j?ﬁﬁf%isont%%ﬂboﬁ 1% %t[%{ﬁméjtnlgtées %gﬂf‘?‘g%’lﬁ% %ilg%s?ﬁ’f%%?’oabout 25to
about 35 kilopasweiitinhedesn thenmivntees ibdedabhdoxtaidénittlnstseant 6fratdeadtdne vent; and
wherein a posiatel imisalaletoliagens sihen nrmyeled s oHRD (s fpedyoat o e

f
extruder. [0061] Another embodiment is a poly(arylene ether) isolate above method and
comprising le¥¥FAREF éﬁu@%‘?é@%‘rt@%@ﬁ%i%éﬁ%?fﬁ/éﬁ@%fiéﬁ%ﬁ%ol\@ﬁ ¢sPaHddsolated
poly(arylene giiier) rha spate-embodimenis jRcisalatad pelvfaryienre Sthe ) sonpsises apout 0.1 to
about 1 Weigrtlt]}alerg%nt%%luent%% g%%g%l O;ﬁ gn%bodiment is a method of isolating a poly(arylene
ether), compriging: rémoving ifs Anvistturd EBhTSPRsiAd A poly Ay rITER7EN %Ad a solvent by
devolatilizingEXtRISTon to Beitahkextrubedqpoly @npletisatherthanekeaatingcthepextrisdeds poly(arylene
ether) with a i elt.tg for isolated poly(arylene gther); wherein the mixture,comprises about
70 to about 8%8\5?/4(;%9 k#’p%rgé%tcgg%%% eénﬁé] ét ge%%%geig oﬁj{nzgi t%&%%’u?%ﬁ \S/vﬁ(fet}:i’“»';jéhta %%r%eent toluene;
and wherein Hehee|&edssoigramyiendwakary as Bimintiasic oisdositynss dabet 0r04tguddout 0.10

deciliter per gram s Me@siyRdphslateiony al-2bGs Whersindhe isolatadpalyipryiene gther) has, on

average, at least 1.5 capping groups per molecule; wherein the isolated poly(arylene ether) comprises
a poly(arylenS"88HE) REVHGSHAE SASHIrE 96 WhaRdidehids: ocE rramels fHevsad 38e€rindependently
methyl or di-mbaltytaminomethyl; and each occurrence of a and b is independently O to about 12,
provided that the sum of a and b is at least 1; wherein devolatilizing extrusion comprises feeding the

mixiure {0 ah extrugh o9meisig ALdeAs; one.hanELARNIAT A eNEI e 9figbaui 210 o about

230C, and at least one vent having a pressure of about 25 to about 35 kilopascals; wherein the
mixture is fetBRNE 63rudBH UBIFHRIFSART B aREEdt drrdussntiosrfawrdreriaortibm@rihe isolated
poly(arylene etbendsdcayaleddogadgdition to the feed throat of the extruder [0063] Another
embodiment is an isolated poly(arylene ether) prepared by the above method and comprising less
than or equal to 2,000 parts per million by weight of an antisolvent for the isolated poly(arylene ether).
In some embodiments, the isolated poly(arylene ether) comprises about 0.1 to about 1 weight percent
toluene. [0064] The invention is further illustrated by the following non-limiting examples.
PREPARATIVE EXAMPLES 1-6 [0065] A copolymer of 2,6-dimethylphenol (2,6-xylenol; 2,6-X)
and 2,2- bis(3,5-dimethy1-4-hydroxyphenyOpropane (tetramethylbisphenol A; TMBPA) was prepared
in six separate batches by oxidative copolymerization in toluene in the presence of a copper amine
cratalvvet The monomer miviiire concicted nof 22 weinht nercent 2 A-AdAimethvinhennl and 17 weinht



WO 2008/124488PCPUS2008/059249 27 ether) formed in each batch, both before and after catalyst
chelation. In Table 1, "% TMBPA-Tar refers to the target weight percent of 2,2-bis(3,5-dimethy1-4-
hydroxyphenyppropane based on the total weight of monomer; "TV" refers to intrinsic viscosity
measured at@BCusEMérOform; "Resid. 2,6-X" refers to residual 2,6-dimethyipitened o Rasid. TMBPA"
refers to residual 2,2-bis(3,5-dimethy1-4- hydroxyf¥henyl)propane as determined by gas
chromatography; "Wt % Biphenyl unit" refers to the weight percent of
3,3',5,5'-tetramethy1-4,4'-dioxobjphenyl incorporated intpo the copolymer; "Wt% total] TMBPA" refers to
the weight percent t6247 oF 915 A5 EpBIEG thEIRPISEURpREHYH HPL R RE NS MatAHY #EE and
incorporated iRtashecopalymer; Wit %4 eeSMBRAlIeiers tertipdoweight petcgntadbired 2,2-bis(3,5-
dimethy1-4-hydroxyphen %pr ang as determined by I.H NMR; "Wt % Ex Manni I? DBA" refers to the
weight percett ol eyt ARy ol TRy AeLRbr el et SEAtios FEHBStAREd o the
copolymer; "Fahatiotialitytrvéfsrsamthe tmmebe cofisisiorexytipidn pé perivetabok corravardge; "ppm

OH" refers to &Qe%%ﬂgﬁﬁﬁéﬁe“é@ﬂ O welghi:of dydrgxy: 9 ps«Pasesianihg, iakweighy of

copolymer; and " efminal TMBPA" refers to the percent of total TMBPA that is either free (residual)

TMBPA or TMBPAEebifsérite P abtaetemmidbs Sespibrater Enarneogobsdingdsoe) z80.0 62
Et780.0 CZEakfiE18E494tebtloBille 8910(BA4DL ctRB Tis 38! 1IROZE00 Yarks 7 4€lllion by

weight, more specifically less than 300 parts per million by weight, still more
specifically less than 100 parts per million by weight. In this embodiment, the
statement that the extruded composition can consist essentially of a poly(arviene
ether) means that the extruded composition comprises at least 98 weight percent
poly(arylene ether); it may contain small but measurable amounts of other
components, such as solvents. Antisolvents for poly(arylene ether)s include, for
example, lower alkanols having one to about ten carbon atoms (such as methanol),
ketones having three to about ten carbon atoms (such as acetone and methyl ethyl
ketone), and alkanes having five fo about ten carbon atoms (such as hexane), and
combinations thereof. The less than 2,000 parfs per million hmit typically refers to a
single antisolvent. For example, in some embodiments the antisolvent is methanol,
and the extruded poly(arylene ether) comprises less than 2,000 parts per million of

methanol.

[0034] In some embodiments, the method further comprises removing
volatiles from the solution prior to the removing volatiles via devolatilizing extrusion.
in other words, the solution may be pre-concentrated prior fo devolatilizing extrusion.
For example, a poly(arylene ether) synthesis reaction mixture may contain 30 weight
percent poly(arylene ether) in toluene, and this solulion may be concentrated to 50

weight percent poly(arylene ether) before introduction to the devolatilizing extruder.

[0035] In some embodiments, the devolatilizing extrusion comprises addmg a
solid polymer to a first section of an extruder, and adding the solution to a second
section of the extruder downstream of the first section. There is no particular
Hmitation on the solid polymer added to the first section of the extruder. In some

embodiments, the solution consists essentially of a solvent and a poly(arylene ether),



%0' Lt 56L0.0 V'OE E.O0 0.0842 WEE 179 15397 98171 89.0 SZ'OZ LO'l U 001EZ St P. Ex.
4 %0'u 0.0798C6Z Co 800Z. a

WO 2008/124488 PCTAUS2008/059249
11

and the solid polymer consists of the same poly(arylene ether) in solid form. For
exampie, a portion of the exiruded poly(arylene ether) produced by the process may be
“recycled” for use as the solid polymer. In other embodiments, the solid polymer
comprises a polymer other than a poly(arylene ether). For example, the solid polymer
could be a homopolystyrene, a rubber-modified polystyrene, a polyamide, a polyester,
a polycarbonate, a polyetherimide, a polyolefin, or other polymer for which useful
biends with poly(arylene ether)s are known. The solid polymer is typicaily in pellet or
powder form when it is added fo the extruder. The ratio of the feed rate of the mixture
to the feed rate of the solid polymer can be about 1:50 to about 50:1, specifically
about 1:30 o about 30:1, still more specifically about 1:10 to about 10:1.

[0036] Independent of whether a solid polymer is added to the devolatilizing
extruder, the poly(arylene ether) solution can be added to the extruder downstream of

at least one vacuum vent.

[0037] In addition to being a devolatilizing extruder, the devolatilizing
exirusion apparatus can be a wiped film evaporator {as described, for example, in U.S.
Patent No. 6,860,966 to Parrillo et al.) or a polymer stacked heat exchanger (as
described, for example, in U.S. Patent No. 4,808,262 to Aneja et al.).

[0038] The solution introduced to the devolatilizing extruder comprises a
poly(arylene ether). Suitable poly(arylene ether)s include those comprising repeating

structural units having the formula

wherein for each structural unit, each occurrence of Z' is independently halogen,

unsubstituted or substituted Cy-Ci2 hydrocarbyl provided that the hydrocarbyl group
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is not tertiary hydrocarbyl, Ci-Ciz hydrocarbylthio (that is, (Cy-Ciz hydrocarbyl}S-),
1-Crz hydrocarbyloxy, or Cp-Cyy halohydrocarbyloxy wherein at least two carbon
atoms separate the halogen and oxygen atoms; and each occurrence of Z° is
independently hydrogen, halogen, wnsubstituied or substituted C-Cy2 hydrocarbyl
provided that the hydrocarbyl group 1is not tertiary hydrocarbyl, C;-Cj;
hydrocarbyithio, C,-Cy; hydrocarbyloxy, or C;-Cyy halohydrocarbyloxy wherein at

least two carbon atoms separate the halogen and oxygen atoms.

[0039] In some embodiments, the poly(arylene ether) comprises 2,6-dimethyl-
1,4-phenylene ether units, 2,3,6-trimethyl-1,4-phenylene ether units, or a combination
thereof. ki some embodiments, the poly{arylene ether) is a poly(2,6-dimethyl-1,4-
phenylene ether). The poly(arylene ether) can comprise molecules having aminoalkyl-
containing end group(s), typically located in a position ortho to the hydroxy group.
Also frequently present are tetramethyldiphenoquinone (TMDQ) end groups, typically
obtained from 2,6-dimethylphenol-containing reaction mixtures in  which
tetramethyldiphenoquinone by-product is present. The poly(arylenc ether) can be in
the form of a homopolymer, a copolymer, a graft copolymer, an ionomer, or a block

copolymer, as well as combinations comprising at least one of the foregoing,

[0040] In some embodiments, the poly(arylene ether) comprises, on average,
at least 1.5 hydroxy groups per molecule. Such poly(arylene ether)s may be
synthesized by oxidative copolymerization of a monchydric phenol and a polyhydric
phenol.  Suitable monohydric phenols include, for example, 2,6-dimethylphenol,
2,3,6-trimethylphenol, and the like, and mixtures thereof. Suitable polyhydric phenols
include, for example, 3,3°,5,5 -tetramethyi-4,4’-biphenol, 2,2-bis(3-methyl-4-
hydroxyphenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-
hydroxyphenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis{4-
hydroxyphenylpropane 2,2-bis(4-hydroxyphenyi)butane, 2,2-bis(4-
hydroxyphenyl)octane, 1,1-bis(4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-
n-butane, bis(4-hydroxyphenyl)phenylmethane, 1,1-bis(4-hydroxy-3-
methylphenyl)cyclohexane, 1,1-bis(4-hydroxy-3,5-dimethylphenyl)cyclopentane, 1,1-
bis(4-hydroxy-3,5-dimethylphenyl)cyclohexane, 1,1-bis(4-hydroxy-3-
methylphenyljcycioheptane, 1,1-bis(4-hydroxy-3,5-dimethylphenyl)cycloheptane, 1,1-
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bis(4-hydroxy-3-methylphenyl)cyciooctane, 1,1-bis{4-hydroxy-3,5-
dimethylphenyDeyelooctane, 1,1-bis{(4-hydroxy-3-methylphenyl)cyclononane, 11,1-
bis{d-hydroxy-3,5-dimethylphenyl)eyclononane, 1,1-bis{(4-hydroxy-3-
methylphenyleyclodecane, 1,1-bis(4-hydroxy-3,5-dimethyiphenylcyclodecane, 1,1-
bis(4-hydroxy-3-methyiphenyl)cycloundecane, 1,1-bis(4-hydroxy-3,5-
dimethylphenylcycloundecane,  1,1-bis(4-hydroxy-3-methyiphenyljcyclododecane,
1,1-bis(4-hydroxy-3,5-dimethylphenyljcyclododecane, 1,1-bis(4-hydroxy-3-t-
butylphenyl)propane,  2,2-bis(4-hydroxy-2,6-dimethylphenyljpropane  2,2-bis(4-
hydroxy-3-bromophenyljpropane, 1,1-bis(4-hydroxyphenyljcyclopentane, 1,1-bis(4-
hydroxyphenylcyclohexane, 1,1,1-ris(3,5-dimethyl-4-hydixyphenyljethane  1,1,1~
tris(3-methyl-4-hydroxyphenyl)ethane, 1,3,5-tris(3,5-dimethyi-4-hydroxyphenyi-1-
keto}benzene, 1,3,5-tris(3,5-dimethyl-4hydroxyphenyl-1-isopropylidene)benzene,
2,2,4,4-tetrakis(3-methyl-dhydroxyphenyl)pentane,  2,2,4,4-tetrakis(3,5-dimethyl-4-
hydroxyphenyljpentane, 1,1,4,4-tetrakis(3-methyl-4-hydroxyphenyl)cyclohexane,
1,1,4,4-tetrakis(3,5-dimethyl-4-hydroxyphenylicyclohexane, 1,3,5-tris(3,5-dimethyl-4-
hydroxyphenyl)benzene, 1,3,5-tris(3-methyl-4-hydroxyphenyl)benzene, 2,6-bis(2-
hydroxy-5-methylbenzyl)-4-methyl  phenol,  4,6-dimethyl-2,4,6-tris(4-hydroxy-3-
methylphenyl)-2-heptene,  4,0-dimethyl-2,4,6-tris(4-hydroxy-3,5-dimethylphenyl)-2-
heptene, 4,6-dimethyl-2,4,6-tris(4-hydroxy-3-methylphenylyheptane, 4,6-dimethyl-

2,4,6-tris(4-hydroxy-3-methylphenylYheptane, 2,4-bis{(4-hydroxy-3-
methylphenylisopropylphenol, 2,4-bis(4-hydroxy-3,5-
dimethylphenylisopropyl)phenol, tetrakis(4-hydroxy-3-methylphenyijmethane,
tetrakis(4-hydroxy-3,5-dimethylphenylmethane, tetrakis{4-[4-hydroxy-3-
methylphenylisopropyl]-phenoxy)methane, tetrakis(4-[4-hydroxy-3,5-

dimethylphenylisopropyl]-phenoxy)methane, and mixtures thereofl In some
embodiments, the polyhydric phenol comprises 3 to 8 phenolic hydroxy groups per

molecule.

[0041] In some embodiments, the poly(arylene ether) is a bifunctional
poly(aryiene ether) prepared by oxidative copolymerization of 2,6-dimethylphenol and
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane. An illustrative initial reaction

mixture composition for oxidative copolymerization of 2,6-dimethylphenol and
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2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane is as follows: 50192 parts by weight
of 2,6-dimethylphenol, 109581 parts by weight of toluene, 503 parts by weight of
di-n-butylamine, 1175 parts by weight of dimethyl-n-butylamine, 264 parts by weight
of a diamine mix contaiping NN -dibutylethylenediamine and didecyl dimethyl
ammonium chloride, and 353 parts by weight of a catalyst mix containing 6.5 weight
percent CupO in agueous hydrogen bromide. The polymerization reaction is
conducted by controlling the temperature and oxygen concentration in the reaction
vessel. The concentration of copper in the polymerization reaction mixture is about
125 parts per million by weight based on the total weight of the reaction mixture, or
about 420 parts per million by weight based on the weight of poly(arylene ether)
product. The concentration of poly(arylene ether) product in the polymerization
reaction mixture is 29.8 weight percent based on the total weight of the reaction
mixture. The product bifunctional poly(arvlene ether) has an infrimsic viscosity of

0.06 deciliter per gram measured in chloroform at 25°C.

{0042] I some embodiments, the poly(arylene ether) 1s a capped poly(arylene
ether). A capped poly(arylene ether} is a poly(arylene ether) in which at least a
portion of the terminal pheﬁoiic hydroxy groups is capped with a capping agent via an
acylation or alkylation reaction, for example. Procedures for capping poly(arylene
ether)s with reactive groups are known in the art. See, for exampie, U.S. Patent Nos.
6,306,978 B to Braat et al. and 6,627,704 B2 to Yeager ct al. One example of such a
procedure is the reaction of the uncapped poly(arylene ether) with methacrylic
anhydride m the presence of 4-(N,N-dimethylamino)pyridine as catalyst. In some
embodiments, the poly(arvlene ether) comprises, on average, at least 1.5 capping
groups per molecule. Such capped poly(arylene ether)s may be prepared by capping
polv(arylene ether)s comprising, on average, at least 1.5 phenolic hydroxy groups per

molecule,

[0043] In some embodiments, the extruded composition comprises a

poly(arylene ether) having the structure
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wherein each occurrence of R5 and R6 is independently selected from the group

consisting of hydrogen, halogen, unsubstituted or substituted C1-C12 hydrocarbyl

provided that the hydrocarbyl group is not tertrary hydrocarbyl, C1-C12
hydrocarbylthio, C1-C12 hydrocarbyloxy, and C2-C12 halobydrocarbyloxy wherein at

least two carbon atoms separate the halogen and oxygen atoms; x is 0 or 1; and Y has

a structure selected from the group consisting of

Foor I I i
s’ , N , C ; |c Q ) L‘l , and CI:
! *

wherein each cccurrence of Ry 18 independently selected from the group consisting of

hydrogen and C;-C,; hydrocarbyl, and each occurrence of R® and R? is independently

selected from the group consisting of hydrogen, Cy-C;; hydrocarbyl, and Ci-Cs

hydrocarbylene wherein R® and R” collectively form a Cs-Ciy alkylene group; each
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occurrence of 7' is mndependently halogen, unsubstituted or substituted C;-Ci;
hydrocarbyl provided that the hydrocarbyl group is not tertiary hydrocarbyl, Ci-Cyp
hydrocarbylthio, C~Ciy hydrocarbyloxy, or C-Ci; halohydrocarbyloxy wherein at
least two carbon atorns separate the halogen and oxygen atoms; each occurrence of 77
15 independently hydrogen, halogen, unsubstituted or substituted Cy-Ci» hydrocarbyl
provided that the hydrocarbyl group is not tertiary hydrocarbyl, C;-Cipy
hydrocarbylthio, Ci-Ciz hydrocarbyloxy, or C:-Ci; halohvdrocarbyloxy wherein at
Icast two carbon atoms separate the halogen and oxygen atoms, v and z are
independentlty 0 to 100 provided that the sum of v and z is at least one; each
occurrence of Q is independently hydrogen, (meth)acryloyl, styryl methyl

mmmmm—_J \

/

CHz“"’"‘“
, or glycidyl.

[0044] In some embodiments, the extruded composition comprises a ring-

functionalized poly(arylene ether) comprising repeating structural units of the formula

. .

L, CH,—L'

wherein each L'-L” is independently hydrogen, a C;-Ci alkyl group, an alkenyl group,
or an alkynyl group; wherein the alkenyl group is represented by
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These examples illustrate various process conditions for direct isolation of a bifunctional, uncapped
low molecular weight poly(arylene ether). [0067] The extruder was a Werner & Pfleiderer 30
millimeter co¥6tatirs s screw extruder with an L/D ratio of 38, a total ofet2 faesetsyand a drive
motor power of 11 kilowatts, The dry polymer wad fed with a K-Tron loss and weight feeder (model
K2LT20) in barrel 41 (upstream end of extruder), the polymer solution feed section was in barrel # 5,
the devolatilizing sections were in barrels, 3-4, 7-8. 10 and 11, the pumping section was in barrel 12.
The die head contained two orifices with 4 millimeter operrli}bs to make strands. The extruder had 5
heating zones: Zone 1 controlling barrel zggﬁgzy ntrelling barrels 3-5, zone 3 controlling barrels
6-9, zone 4 controlling barrels 10-12, and Zone Bacdéntrollifg the die temperature. The extruder has an
adjustable screw rotation rate (0-500 rpm) and a tofque Iimit}}ng safety device. Vacuum to the extruder
was provided with a Busch Buckepack vacuum pump (Model HO0433). [0068] The cooling belt
was a Sandvik singlerbelt cooling conveyor. The belt had a width of 30,5 timeters (12 inches) and a
total (loop) Ier‘?@tﬁ%@( i%“maérteelr% ?fgr}ﬁ:%%ﬁe{g)’%ﬁ) Cinciu géaayéﬁnagct?vlglé’c}ci(%’:‘pd Pelnggtﬁ%i 98 3
centimeters (8% Blinohegl'®os esuretatipbly (arylene ether) traveled a distance of about 1.6 meters (62
inches) on the cooling belt. Cooling was provided by a water spray beneath the belt, The cooling water
was circulated at a rate of about 11-15 liters pet minute (about 3-4 gallons per minute) and a pressure
of about 140-170 kilopascals (about 20-2% péiy p“&éhﬂarégmch gauge). The speed range for the
belt is about 0.5 to 20 meters/minute. The belt tfansport rate in these experiments was about 10
meters per minute (33 feet per minute). The cooling belt was maintained at about 25-30C. At the end
of the coolingiieltzithe’ce digttqety(antlieriecethis), whichiwaslinztte form afdbrokesistiand fragments of
variable lengnoias franslerrad 1o bad.Alihoual e Relyianiene eben.ere g i fhe form of

f? s o have been I lle

broken strand fragments, it could als ormed into prills or pellets or pasti sgby use of
apparatuses &ngirnathsabnolidwilimetidian arpnadkood it 48eP@YS2008/059249 30 [0069]
The six batches of copolymer corresponding to Preparative Examples 1-6 were combined to form a
single poly(arylene gthes) Sakition thatpyasuseditaiigsyvanious: iseiBiianeandiiens iExamples 1-5
correspond to conditions tested on the first d@ of experimentation, and, Examples.6-12 corresponding
o contitions LI R e S B A T R oY I & S e Hmarised i
Table 2, Beforeaeiiplafiliting &xttusiorhothiel pdéy{bisyiere stiver)solotionewas cokoghtrated to 79.5%
solids. Solid erwas added to the feed thrqaf, The weight ratio of (Z;id olymer to poly(a-ylene
ether) solutio%g\%gg f:réf ?l‘—gigr IeéecrL O%I}Examplgs %lﬁ %vrgéc&g’g%fgy td (glfy 1 ee?esfr% t%?apfow content of
residual solvemtiprencipassiytrolmle tikcoxtrodeneimtirarond of shisitay! Moweldriahéraiwvas partial

plugging of the,weqtdings far.the exirudsrqindicating, gk he AMBRr iR s @ngkyacuum

settings were near their limit for stable o%eration, [0071] Conditions for Examples 6-12 are

summarized RFAERPE BT a80bIERNSRY EEFUSIBH P M RRfetiscatien fsbrifdhitas

concentrated:$0£9%. solidsilirar gach-oh ExreiplagBabduthieoesinaas dried de:ailempepntent of
residual solvent, but the stahility, of the %:8§ess over apg gxt nded period of time (6 hours) was
one S

improved by Hléaé?e%ﬁgs?ﬁ%l eX ﬁc%’? Yt é?rﬁg’g}%t% SHd'BWRE iﬁﬁlﬂ‘le vacuum setting in the
extruder vent ports. The tradeoff was a higher content of residual toluene. [0072] The

characteristics of thE) Py (@ryhddiiethep stisr thd@srinnsg eheipledoveiduhien deinpardbeto those for

the poly(arylepeginendyiontasevelagilizing extidsions ibe resufeniraseniedin Taplpm, show that the
characteristics of the poly(arylene ether) were largely unchanged by the devolatilizing extrusion

process. Thid PSS (HEkpae ey PEs oriBL¥iAted RTIRE T WISTNOCHEROE e£pRERE oxidative
degradation ohthe:=pabd anydendethehotuthenabsenoe, ofposbetiitsionscdaliagfviadpeai@esion in a

water bath. Number av molecular weight, weight average molecular weight, and dispersity (ID,
i) werd TelE i B B L R B B rions: e
solvent was ¢htdeotérmsonttitisyemmitroliters @rvpdutylgpimavdlpddtiter; thisllowathtessas 1 WO
2008/124483RGT/NS2ORBR59249:; 3 mililiELRer MiRULE: e, (BmBeratyiR AR AYG:the total run time

was 38 minutes; detection was at 280 nanometers; the three columns employed, upstream to
downstream AFERSHOseR Hfimdter Ao RASMaRs PEERERPPIEGRPS: midiBiv e Agstraddolumn, a 300
millimeter longRkieaesaenex-Rinermgel & reician S0ErARGEHQTh¢alummoand Rdierkinikbner PLgel 5
micron 100 Angstrom column; software for instrument control and data collection was Chemstation
Rev. 10.01 [1635] Agilent Technologies; software for molecular weight analysis was Agilent GPC Data
Analysis software for Agilent Chemstation Rev.A.02.02. [0073] Figure 1 is a plot of residual
toluene as a function of extruder melt temperature. Below a melt temperature of about 210C, the level
of residual toluene rises substantially above 1 weight percent. Above a melt temperature of about
230C, the process was less stable because of plugging of vent lines. [0074] Figure 2 consists of
plots of residual toluene as a function of vent port 3 pressure (left half of figure) and vent port 4

pressure (right half of figure). In the Figure 2 legend, "P3" is the pressure of the third vent (counting
from 1inctraam tn downetraam) for a devolatilizina aviriicion nrocecce ienlatina 2 N 02 dAeaciliter near Aram
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Table 2 Variable Unit Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex, 5 Toluene-PPE solution % solids 0 79.5 79.5 79.5
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WO 2008/124488 PCT/US2008/659249
18

benzene, toluene, ethylbenzene, xylenes, and combinations thereof.  Specific
examples of halogenated aromatic hydrocarbon solvents include chlorobenzene,
dichlorobenzenes, and {richlorobenzenes, and combinations thereof In some

embodiments, the solvent is foluens,

[0047] One embodiment is a method of isolating a poly{arylene ecther),
comprising: removing volatiles from mixture comprising a poly{arylene ether) and a
solvent by devolatilizing extrusion to form an extruded poly(arylene ether); and
cooling the extruded poly{arylene ether) with a cooling belt to form an isolated
poly(arylene ether); wherein the isolated poiy(arylene ether) is selected from the group
consisting of a polyhydroxy poly(arylene ether) comprising, on average, at least 1.5
hydroxy groups per molecule, a polycapped poly(arylene cther) comprising, on
average, at least 1.5 capping groups per molecule, and mixtures thereof; wherein the
isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to about 0.15
deciliter per gram as measured in chloroform at 25°C; wherein the mixture comprises
about 65 to about 85 weight percent poly(arylene ether) and about 15 to about 35
weight percent solvent; and wherein devolatilizing exirusion comprises feeding the
mixture 1o an extruder coﬁaprising at least one barrel having a temperature of about
200 to about 235°C, and at least one vent having a pressure of about 20 to about 40
kilopascals. In some embodiments, the poly(arylene ether) solution comprises about
70 to about 80 weight percent poly(arylene ether) and about 20 to about 30 weight
percent solvent. In some embodiments, the at least one vent has a pressure of about

25 to about 35 kilopascals.

[0048] In some embodiments of the method of isolating a poly(arylene ether),
the devolatilizing extrusion comprises introducing the poly(arylene ether) solution to
an extruder in a superheated state. In some embodiments, the isolated poly(aryiene
ether) comprises less than 2,000 parts per million by weight of an antisolvent for the
poly(arylene ether). In some embodiments, the isolated poly(arylene ether) comprises
about 0.1 to about 1 weight percent solvent, specifically about 0.2 to about 0.8 weight

percent solvent, more specifically about 0.4 to about 0.6 weight percent solvent.



Toluene-PPE solution feed rate kg/hr 11.4 11.4 11.4 11.4 11.4 Dry back feed rate kg/hr 0.5 0.5 0.5 0.5
0.5 Screw speed 1pm 400 300 300 400 400 Temperature Zone 1 deg C 199 199
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[0049] In some ecmbodiments, the isolated poly{arylene cther) is a
polyfunctional poly(arylene ether) comprising, on average, at least 1.5 functional
groups @ per molecule; and wherein the isolated poly(arylene ether) comprises a

poly{arylene ether) having the structure

=

-4 n
wherein R is the residue of a polyhydric phenol; each occurrence of Z' is
independently halogen, unsubstituted or substituted C;-Cy, hydrocarbyl provided that
the hydrocarbyl group is not tertiary hydrocarbyl, Ci-C» hydrocarbyithio, Ci-Ci,
hydrocarbyloxy, or C,-Cy; halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen androxygen atoms; each occurrence of Z° is independently
hydrogen, halogen, unsubstituted or substituted C;-Cy; hydrocarbyl provided that the
hydrocarbyl group is not tertiary hydrocarbyl, C;-Ci; hydrocarbylthie, C;-Ci;
hydrocarbyloxy, or C;-Ci2 halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of m is independently 0 to
about 12, provided that the sum of all occurrences of m is at least 1; n, which is the
number of poly(arylene ether) groups bound to R (not the number of repeating units
separating R and Q), is at least 2, specifically 2 to about 10, more specifically 2 or 3
or 4, still more specifically 2; and each occurrence of  is independently hydrogen,
(meth)acryloyl, styryl methyl, or glycidyl. (Although a hydrogen atom is not
ordinarily considered a functional group, it is a functional group in this embodiment

because 1t is part of a reactive phenolic hydroxy group.)

[0050] In some embodiments, the polyhydric phenol is a dihydric phenol
having the structure



191 191 188 Te peratu e Zone 2 deg C 199 199 191 191 188 Temperature Zone 3 deg C 199 199 191
191 188 Temperature Zone 4 deg C 199 199 199 199 188 Tempetature Die
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wherein each occurrence of R' and R? and R? and R* is independently selected from
the group consisting of hydrogen, halogen, €-Cy; hydrocarbylthio, C;-Cpy
hydrocarbyloxy, C,;-Cjy halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms, and unsubstituted or substituted C-Cyy
hydrocarbyl provided that the hydrocarbyl group is not tertiary hydrocarbyl; z is 0 or

1; and Y has a structure selected from the group consisting of

b f I I
0 ) N , ciz (l ; ‘sl S , amd ci:w-
! ¥

wherein each occurrence of R® is independently selected from the group consisting of
hydrogen and C;-C}, hydrocarbyl, and each occurrence of R® and R is independently
selected from the group comsisting of hydrogen, C;-Cy; hydrocarbyl, and C;-Cjq
hydrocarbylene wherein R® and R’ collectively form a CsCyp alkylene group.
Hustrative specific dihydric phenols are included among the polyhydric phenols listed

above,

[0051] In some embodiments, the isolated poly(arylene ether) has, on average,
at least 1.5 hydroxy groups per molecule and comprises a poly(arylene ether} having

the structure



deg C 218 218 204 204 199 Melttemperaturc deg C 218 217 214 211 208 Pressure Vent | kPa 56.3
62.5 69.3 67.2 80.3 Pressure Vent 2 kPa 51.9 59.6 67.7
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QF H HyC H H ok
. 1, _ v

wherein each occurrence of Q' and QF s independently methyl or
di-n-butylaminomethyl; and each occurence of a and b is independently 0 to about
12, provided that the sum of a and b is at least 1. Such poly(arylene ether)s may be
prepared by copolymerization of 2,6-dimethylphenol and 2,2-bis(3,5-dimethyl-4-
hydroyphenyl)propane in the presence of a catalyst comprising copper ions and

di-n-butylamine.

[0052] In some embodiments, the isolated poly(arylene cther) is a polycapped
poly(arylene ether) comprising, on average, at least 1.5 capping groups per molecule;

wherein the isolated poly{arylene ether) comprises a poly(arylene ether) having the

structure
O R9
R— O g (r% c/
P
\\‘c-———Rw
e
m_1n

wherein R is the residue of a polyhydric phenol; each occurrence of Z' is
independently halogen, unsubstituted or substituted C,-C;» hydrocarbyl provided that
the hydrocarbyl group is not terfiary hydrocarbyl, C;-C;o hydrocarbylthio, Ci-Cps
hydrocarbyloxy, or C;-C;, halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of Z° is independently
hydrogen, halogen, unsubstituted or substituted C4-C); hydrocarbyl provided that the
hydrocarbyl group is not fertiary hydrocarbyl, C;-Cy» hvdrocarbylthio, C;-Ci»



65.7 79.3 Pressure Vent 3 0a 21.9 25.2 27.1 27.2 50.9 Pressure Vent 4 cPa 21.321.321.717.9 27.3
Residual Toluene wt % 0.62 0.66 0.59 0.47 1.07 34

WO 2008/124488 PCTRISZO08/059249
22

hydrocarbyloxy, or C;-Ci; halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each ocourrence of m is independently 0 to
about 12, provided that the sum of all occurrences of m is at least 1; n, which is the
number of capped poly(arylene ether) chamns bound to R, is at least 2, specifically 2 to
about 10, more specifically 2 or 3 or 4, still more specifically 2; each occurrence of R®
is independently C,-Ci2 hydrocarbylene; each occuirence of p is independently O or 1;
and each occurrence of R’ and R!® and R is independently hydrogen or Ci-Cyg

hydrocarbyl.

[0053] In some embodiments, the isolated poly{arylene ether) has, on average,
al least 1.5 capping groups per molecule and comprises a poly(arylene ether) having

the structure

Q7 B H,G H 24 O, H Q’
HC ﬁ CHy ﬁ CH,
Cort=0) -0 C 0 o———c«
H,C CH, CH,
o i H W i, H o J
= g, — b

wherein each occurrence of Q' and QF s independently methyl or
di-n-butylaminomethyl; and each cccurrence of a and b is independently 0 to about

12, provided that the sum of a and b is af Jeast 1.

[0654] Any of the above-described polyfunctional poly(arylene ether)s may
contain minor amounts of structural units formed as a result of side reactions
occurring during poly(arylene ether) synthesis or processing, For example, when a
polyfunctional poly(arylene ether) is prepared by method comprising oxidative
polymerization. of monomers comprising 2,6-dimethylphenol in the presence of a
secondary amine, thermal decomposition may generate minor amounts of the

structural units



35 Table 4 Analysis Notes Units Before Isolation Ex, 4 Ex, 12 1V dlig % 0.0789 0.0774 0.4695 0.08
1.4208 % TolueneGC

W 2008/124488 PCT/US2008/059249
23

and/or

wherein the wavy bonds represent connections to the remainder of the polyfunctional

poly{arylene ether) molecule.

[0055] In some embodiments of the isolation method, devolatilizing extrusion
comprises adding a solid poly(arylene ether) to a first section of the extruder, and
adding the poly(arylene ether) solution to a second section of the extruder downstream
of the first section. In some embodiments, the solid poly(arylene ether) is a portion of

the isolated poly(arylene ether).

[0056] In some embodiments, the poly(arylene ether) solution is added to the
extruder downstream of at least one vent having a pressure of about 20 to about 40
kilopascals, specifically about 25 to about 35 kilopascals. In some embodiments, the

extruder comprises at least two vents each independently having a pressure of about



HydroxylFTIRppm20737 contcnt 21002 21091 Residual 2,6-Xmna 176 186 Residualppm17235
TMBPA 15971 16167 MIMI= D Mw/Mn) 12.1=la GPIMI GPC Absolute M,, AMU 1250 1248 1213

AMU 1.1.1 EMI 2528 2638 2583
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20 to about 40 kilopascals, or at least one vent each independently having a pressure
of about 20 to about 40 kilopascals, or at least four vents each independently having a

pressure of about 20 {o about 40 kilopascals.

[0057] In some embodiments, the cooling belt {s maintained at a temperature
of about -30 to about 150°C, specifically about 0 to about 80°C, more specifically
about 25 to about 50°C.

[0058] In some embodiments, the isolated poly(arylene ether) is in the form of
flakes or nregular particles, As described above in the context of poly(arylene
ether)-containing extruded compositions, flakes or irregular particies may be prepared

by physically breaking up a film, strand, or sheet of extruded poly(arylene ether).

[0059] One embediment is an isolated poly{arylene ether) prepared by one of
the above-described methods and comprising less than or equal to 100 parts per
million by weight of an antisolvent for the isolated poly(arylene ether). In some
embodiments, the isolated poly(arylene ether) comprises about 0.1 to about 1 weight

percent solvent.

[6060] One embodiment is a method of isolating a poly(arylene ether),
comprising: removing volatiles from mixture comprising a poly(arylene ether) and a
solvent by devolatilizing extrusion to form an extruded poly(arylene ether); and
cooling the extruded poly(arylene ether) with a cooling belt to form an isolated
poly(arylene ether); wherein the mixture comprises about 70 to about 80 weight
percent poly(arylene ether) and about 20 to about 30 weight percent toluene; and
wherein the isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to
about 0.10 deciliter per gram as measured in chloroform at 25°C; wherein the isolated
poly(arylene ether) has, on average, at least 1.5 hydroxy groups per molecule; wherein

the isolated poly(arylene ether) comprises a poly(arylene ether) having the structure



2.02 1489 2 1514 2.1 1474 HNMR Wt % Bi henyl unit.1. 0.67 0.64 0.66 Wt % total TMBPAEK
20.78 21.07 Wt % Free TMBPA1111=BEIS 1.04 1.12 Wt % Ex Mannich DBA0.86
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Q7 H HaC g H CH, H Q’
CH,
ok H HyC H H CH, H Qf
L - L. A b

wherein each occurrence of Q' and QF is independenily methyl or
di-n-butylaminomethyl; and cach cccurrence of a and b is independently 0 to about
12, provided that the sum of a and b is at least 1; wherein devolatilizing extrusion
comprises feeding the mixture to an extruder comprising at least one barrel having a
temperature of about 210 to about 230°C, and at least vent having a pressure of about
25 to sbout 35 kilopascals; wherein the mixture is fed to the extruder downstream of
at least one vent; and wherein a portion of the isolated poly(arviene ether) is recycled

for addiiion to the feed throat of the extruder.

[0061] Another embodiment is a poly(arylene ether) isolated by the above
method and comprising less than or equal to 100 parts per million by weight of an
antisolvent for the isolated poly(arylene ether). In some embodiments, the isolated

poly(arylene ether) comprises about 0.1 to about 1 weight percent toluene.

[0062] One embodiment is a method of isolating a poly(arylene ether),
comprising: removing volatiles from a mixture comprising a poly(arylene ether) and a
solvent by devolatilizing extrusion to form an extruded poly(arylene ether); and
cooling the extruded poly(arylene ether) with a cooling belt to form an isolaied
poly(arylene ether); wherein the mixture comprises about 70 to about 80 weight
percent poly(arylene ether) and about 20 to about 30 weight percent toluene; and
wherein the isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to
about 0.10 deciliter per gram as measured in chloroform at 25°C; wherein the isolated
poly(arylene ether) has, on average, at least 1.5 capping groups per molecule; wherein

the isolated poly(arylene ether) comprises a poly(arylene cther) having the structure



1.48 1.51 Functionality1.88 1.91 1.88 22700 23300 23700 p.m OH % Terminal TMBPA%48 48 49
EXAMPLE 13 [0075] A monofunctional poly(arylene ether) ether having an intrinsic viscosity of
about 0.12 deciliter per gram at 25C was prepared by oxidative polymerization of 2,6-dimethylphenol.
After chelatioW®tehgieatstlyst, the solution was concentrated to 59% solidsanad sseleietty
devolatilizing extrusion using the apparatus described for Examples 1-12 and the processing
conditions detailed in Table 5. Note that the extrusion temperatures were higher and the last vent
pressure was lower than those for Examples 1-12. WO 2008/124488PCT/US2008/059249 36 Table 5

Q7 H HC H H CH, H Q7
;% ﬁ) S TH s - ﬁ‘ Cify
Cmr0 \ / 0 ¢ € \ / o——c—<
H,C c|:1{3 CH,
of " 11,C H M CH, E of
s ol Lee -

wherein each occurrence of Q' and Q% is independently methyl or
di-n-butylaminomethyl; and each occurrence of a and b is independently 0 to about
12, provided that the sum of a and b is at least 1; wherein devolatilizing extrusion
comprises feeding the mixture to an extruder comprising at least one barrel having a
temperature of about 210 to about 230°C, and at least one vent having a pressure of
about 25 to about 35 kilopascals; wherein the mixture is fed to the extruder
downstream of at least one vent; and wherein a portion of the isolated poly(arylene

ether) is recycled for addition to the feed throat of the extruder

[0063] Another embodiment is an isolated poly(arylene ether) prepared by the
above method and comprising less than or equal to 2,000 parts per million by weight
of an antisolvent for the isclated poly(arylene ether). In some embodiments, the

isolated poly{aryiene ether) comprises about 0.1 to about 1 weight percent toluene.

[0064] The invention is further illustrated by the following non-limiting

examples.
PREPARATIVE EXAMPLES 1-6

[0065] A copolymer of 2,6-dimethylphenol (2,6-xvlenol; 2,6-X) and 2,2-
bis(3,5-dimethyl-4-hydroxyphenyl)propane (tetramethylbisphenol A; TMBPA) was
prepared in six separate batches by oxidative copolymerization in toluene in the
presence of a copper amine catalyst. The monomer mixture consisted of 83 weight
percent  2,6-dimethylphenol and 17 weight percent 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane. The catalyst copper and other water soluble components
were exiracted with an aqueous ftrisodium nitrilotriacetate solution to vield a
polv{arylene ether) solution comprising about 30 weight percent copolymer and about

70 weight percent toluene. Table 1 provides characterization of the poly(arylene



Variable Unit Ex. 13 Toluene-PPE solution % solids % 59 Toluene-PPE solution feed rate kg/hr 13.6
Dry back feed rate kg/hr 0.9 Screw speed rpm 400 Temperature Zone 1 deg C 204 Temperature Zone

2 deg C 204 Temperature Zone 3 deg C 204 Temperature Zone 4
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ether) formed in each batch, both before and after catalyst chelation. In Table 1,
“OoTMBPA-Target” refers to the target weight percent of 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane based on the total weight of monomer; “IV” refers to intrinsic
viscosity measured at 25°C in chloroform; “Resid. 2,6-X” refers to residual
2,6-dimethylphenol; “Resid. TMBPA” refers to residuval 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane as determined by gas chromatography; “Wt % Biphenyl unit”
refers to the weight percent of 3,3°,5,5" -tetramethyl-4,4’-dioxobiphenyl incorporated
into the copolymer; “Wi% total TMBPA” refers to the weight percent total of 2,2-
bis(3,5-dimethyl-4-oxyphenyl)propane units including free and incorporated inte the
copolymer; “Wt % Free TMBPA” refers to the weight percent of free 2,2-bis(3,5-
dimethyl-4-hydroxyphenyl)propane as determined by 'H NMR; “Wt % Ex Mannich
DBA” refers to the weight percent of 3-methyl-d-hydroxy-5-di-n-
butylaminomethylphenyl groups incorporated into the copolymer; “Functionality”
refers to the number of hydroxy groups per molecule, on average; “ppm OH” refers to
the parts per million by weight of hydroxy groups, based on the total weight of
copolymer; and “% Terminal TMBPA” refers to the percent of total TMBPA that is
either free (residual) TMBPA or TMBPA incorporated at the terminus of a copolymer

chain.



deg C 204 Temperature Die deg C 246 Melt temperature deg C 253 Pressure Vent 1 Oa 86.1

Pressure Vent 2 Oa 81.7 Pressure Vent 3 IcPa 9.6 Pressure Vent 4 Oa 6.8 Residual Toluene wt % .26
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[0076] These examples illustrate melt extrusion of a methacrylate-capped poly(arylene ether) dry
povvder [0077] Two batches of a bifunctional poly(arylene ether) having an intrinsic viscosity of
0.09 rif /g measured at 25C in chlorofoim were prepared by oxidative copolymerization of
2,6-dimethylpyreAtlsanidi82-bis(3,5-dimethyl1-4- hydroxyphenyl)propane irptolieneiskkezierminal
hydroxy groups of the bifunctional poly(arylene etker) were methacrylate-capped by reaction with
methacrylic WO 2008/124488PCPUS2008/059249 37 anhydride in the presence of
N,N-dimethylamin Eén]f (DMAP) as capping catalyst to yield two batches of a methacrylate-capped
bifunctional pfg%(ﬁé% ether) having an intrinsic viscosity of 0.09 dL/g measured at 25C in
chloroform. A byproduct of the capping reaction is methacrylic acid, which is present in the
post-capping solutioU&fng it exeeBiemetvaEatic anydridewestd DMmtiontetfacritecacid and
methacrylic a%}{&{&eoff‘é&ﬁﬁﬁkﬁc@ﬁ@&ﬁ@p@%ﬁ‘ﬁ“@ﬁﬁ@&ﬁi‘a@\ﬁe@ﬁs\(@@%%’@r@‘é{wn process in that
they may polymerize exothermically under the extruder processing conditions. A corresponding
polymerization reacti in_principle, occur with,the methagrylatc.capping groups present in the
functionalized polyn?‘glé,]égm/}%ﬁgﬁérgﬁ |k%éscrao§s%ilrﬁﬁzln% o%%emr{%eﬁﬁlénc%r@ a eiact(gb%%tblﬁfr?‘gﬁonal
poly(arylene ethew) cduided rathatichlly mtreaiSastetordlvl/istbsitylsvithinakde extratenower [0078] In
order to clarity g eiisnhal theeross-ikheMazara RImALeIRIIGS i vers farHiedout by

conducting laboratory-scale melt extrusion of dry capped polymer. [0079] Laboratory-scale melt

extrusion exp@hriehts?ddnibrisulives thk rsieetimriderg ety tier adetrassiitee disdpped
poly(arylene @Hagbhaﬂﬁ ili’ﬂ3%@?@%%%%@%@%&@1@%@&?@%@?@&%?&&&%SﬁIQVU'S_lg] maierial for tffl%sgg
experiments was a solid methacrylatc dicgpped poly(arylene ether) having an jntrinsic viscosity of 0.
oo 1 et ot R PR AN 5 5 FHGE ot Ao BEHh o LB S SRR B2 45 werght
percent solutimllof:the mgthiagsylatendicapipedipolflaryenaiether] i6 mathanebntheZextruder was a
C.W. Braben ( 2 . S e .9 centimeter (3/4 inch).sc i ter, with a
ratio of screwageﬁr%?g&ﬁqgg %ri%%g?ér%%%é ?ﬁée%gclﬁt{%\g%ar]ﬁv%ass%égp’e%g%dgaf (ilb%org? ti%%n%e%’gg% inute with the

four zone tenfivfattresispdaiidari!¥ dittd 7. ardezexerfdeenpolire twadiatriyprseitsg: Jélpermeation
chromatographytadelerming malaeulacwaighiaharagieiRligs, ARty il Mﬁtﬁﬁg?hs%@f@ ine the

weight concentration of methacrylate groups, based on the weight of the polymer. The résults in Table
6 show the staBiif§ SFFETh B AILHS Eapii My b Y Eh ARSIy HER RAST RGNS P extrusions.
The data indi¢gktesthadioeactivity of the material at the extrusion melt temperature (about 230C) is
low: all the samples passed through the lab extruder up to three times without incident; some gel

particles were deteqiggk} ?ﬂl%’&?&iﬁg%ﬁ%&@%fgmw&%ﬂ%ﬁé%}%%%g &IR2008/99222f 38

insignificantly small; number average molecular Weai‘%ht InCreased by about 5%; weight average
molecular welghtantiddsed I apratimsters diditskeneiathizpeiabiicar hensiealidié esing groups

decreased by ahoitA% ddihauehdhed eacivitafthe materad asthe.axteusion tempasature is low, a

small but significant amount ?f branching and/or crosslinking. did occur, as evidenced by the molecular
weight increat®: W S0BAN RIS SIS BSH8" e 20bE T SHKRREShIEI$9005/059249
40 EXAMPLER: 1ebdi6oClaM P ARATHY kv EXAMRIEE 36 ANRe? sprajORBCheA palykahyleireether)
solution was essed by devolatilizi xtrusion.using, t ree sets of conditians detailed in Table
7. "Product dl%g(ﬁﬁgiggf ?det%ffﬁ%ls% cedl &é%%r%%%ra"“tﬁ?ee oﬁﬁﬁéogtol?/ éirlyg/lg’%%ﬁse eér?%ﬁ%etaena&%?"i%e cooling belt
as measuredgsjleanhapdotisidentns edressipe eitabed o Bblppanme@begcEb20 2 tRurermometer),

The solution was prarared bvseydisnclinginsacipitated meathagryiate ficapnad Rolyéarviene ether)

(0.09 dL/g) powder in toluene to give a solution comprising 30 weight percent solids, then

concentrating tHe&8I FREHP RSt 78t dheSs srastragifa sy s bRt & SRrECSTRiEVBIREIARY Ektrusion
conditions copkespeRE:I0 EXamIaasl e k6.t TabiRathed ot IHO8LbREsS ofiGharaetesizing the isolated

capped poly(arylene ether)s are provided in Table 8. Residual (,uncapg hydroxy groups were

. ed)
determined bSPROMEBFFriiistoPid mPLEa Sos iR opl R URS daifhy BHFhEIRYBHSB  standards.
Concentratiotis gf.fiee siethadiditeagit, (MAQldbsfenethacrylimanhydrice: iIMAAY o D MARpand toluene
were determined as chromatography. Number average malecular wejght (Mn)..weight average
molecular We%%?{ *()I{Y/FV% ﬁé‘ﬁénp{gﬁ/ﬁgfgegs%% ex a(f)%éﬁrﬁsw%rcé} %gtaéiﬁ%#%g %?/erg%g%ne%eation
chromatography.pTiie waigiatpercesiilbisretracd iarensappimpd rocbsdblisatnon theabtal weight of the
capped poly(arylene ether)) was determined by proton nuclear magnetic resonance spectroscopy OH
NMR). In Table 8, Comparative Examples 6 and 7 represent the two precipitated methacrylate
dicapped poly(arylene ether) (0.09 dL/g) powders used to generate the poly(arylene ether) solutions
for Examples 14-16. [0082] The results in Table 8 show that the process of devolatilizing extrusion
and melt cooling in air by means of a cooling belt unexpectedly does not result in substantial
decomposition of the capped poly(arylene ether). This result is unexpected because molecular mobility
is greater in solution than in a polymer melt, and because air oxidation of the methacrylate groups
might be expected to initiate WO 2008/124488PCPUS2008/059249 41



[0083] polymerization of those groups. In particular, although crosslifficing of the methacrylate
functionality would have been expected to occur under these conditions, no significant difference in
methacrylate functionality or molecular weight was observed for the product before and after
undergoing tRECdEWBIAEEANg extrusion and belt cooler collection process. AtEEa2esaEdemonstrate
the surprising result that the methacrylate-capped$oly(arylene ether) is able to withstand the total
isolation process without significant cross-linking or degradation due to oxidation by air The product

may be isolated by th@ SS.with tth nee to add a eri %) n stapiliz
21108/124488PCT/ %ﬁ%s@ﬁf@% 8@%@?&%@1 £l ?ﬁ‘“ﬁﬁéﬁ ’é‘“ﬁ‘f—lﬁi‘luNG 43
Table 7 PararhétereumperExngdiE (o E?;(Zla@ ﬁ'@lﬁfﬁmﬁm@r@@mmt@ﬂg&tlﬁ&msﬂseﬁmérature Zone
2 various isolation conditions. Examples 1-5 correspond to conditions tested on the

iirst day of experimentation, and Examples 6-12 corresponding to conditions tested on

the second day.

[6070] Conditions for Examples 1-5 are summarized in Table 2. Before
devolatilizing extrusion, the poly(arylene ether) solution was concentrated to 79.5%
selids. Solid polymer was added to the feed throat. The weight ratic of solid polymer
to poly(arylene ether) solution was 1:22. For each of Examples 1-5, it was possible to
dry the resin fo a low content of residual solvent in one pass through the extruder. At
the end of this day, however, there was partial plugging of the vent lines from the
extruder, indicating that the temperature profile and vacuum settings were near their

limit for stable operation.

[0071] Conditions for Examples 6-12 are summarized in Table 3. Before
devolatilizing extrusion, the poly(arylene ether) sclution was concentrated to 69.5%
solids. For each of Examples 6-12, the resin was dried to a Jow content of residual
solvent, but the stability of the process over an extended period of time (6 hours) was
improved by decreasing the extruder zone temperatures and lowering the vacuum
setting in the extruder vent ports. The tradeoff was a higher content of residual

toluene.

[0072] The characteristics of the poly(arylene ether)s for the resulting samples
were then compared to those for the poly(arylene ether) prior to devolatilizing
extrusion. The results, presented in Table 4, show that the characteristics of the
poly{arylene ether) were largely unchanged by the devolatilizing extrusion process.
This result was unexpected because one skilled in the art would have expected
oxidative degradation of the poly(arylene ether) in the absence of post extrusion
cooling via immersion in a water bath. Number average molecular weight, weight
average molecular weight, and dispersity (D, My/M,) were determined by gel
permeation chromatography (GPC) using the following conditions: the solvent was

chloroform containing 67 microliters di-n-butylamine per liter; the flow rate was 1



188 188 188 Temperature Zone 3 CC 191 191 188 Temperature Zone 4 DC 194 198 204 Die Temp C
204 210 216 Melt Temp C 223 225 229 Vacuum Port #1 kPa
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milliliter per minute; the temperature was 40°C; the total run time was 38 minutes;
detection was af 280 nanometers; the three columns employed, upsitream io
downstream, were a 300 millimeter long Hewlett Packard PLgel 5 micron 107
Angstrom column, a 300 millimeter long Phenomenex Phenogel 5 mucron 560
Angstrom column, and a Perkin Elmer PLgel § micron 100 Angstrom colummn;
software for instrument control and data collection was Chemstation Rev. A.10.01
[1635] Agilent Technologies; software for molecular weight analysis was Agilent
GPC Data Analysis software for Agilent Chemstation Rev.A.02.02.

[00731 Figure 1 is a plot of residual toluene as a function of extruder melt
temperature. Below a melt temperature of about 210°C, the level of residual toluene
rises substantially above 1 weight percent. Above a melt temperature of about 230°C,

the process was less stable becanse of plugging of vent lines.

[0074] Figure 2 consists of plots of residual toluene as a funciion of vent port
3 pressure (left half of figure) and vent port 4 pressure (right half of figure}). In the
Figure 2 legend, “P3” is the pressure of the third vent (counting from upstream to
downstream) for a devolatilizing extrusion process isolating a 0.08 deciliter per gram
poly(arylene ether) that is a copolymer of 2,6-dimethylphenol and 2,2-bis(3,5-
dimethyl-4-hydroxyphenyljpropane; “P3 SA120” is the pressure of the third vent for a
devolatilizing extrusion process isolating a 0.12 deciliter per gram poly(arylene ether)
that is a homopolymer of 2,6-dimethylphenol. When the absolute pressure of vent
port 3 is greater than about 40 kilopascals (300 millimeters of mercury) or the
absolute pressure of vent port 4 is greater than about 26.7 kilopascals (200 millimeters
of mercury), the level of residual toluene rises substantially above 1 weight percent.
When the absolute pressure of vent port 3 is less than about 20 kilopascals (150
millimeters of mercury) or the absolute pressure of vent port 4 is less than about 13.3
kilopascals {100 millimeters of mercury), the process becomes less stable because of

plugging of vent lines



90.4 90.8 90.4 Vacuum Port #2 kPa 90.3 91.1 90.8 Vacuum Port #3 kPa 41.5 37.3 41.0 Vacuum Port
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Table 2
Variabie Unit | Ex. | Bx. | Ex. | BEx. | Ex.5
1 2 3 4
Toluene-PPE solution % %o 79.5 | 795 (795 | 79.5 | 79.5
sclids
Toluene-PPE solution feed kg/hr | 114 [ 114 1114 (114 | 114
rate
Dry back feed rate kg/hr |05 105 105 0.5 (05
Screw speed rpm | 400 300 | 300 | 400 | 400
Temperature Zone 1 degC 1199 | 199 | 191 191 | 188
Temperature Zone 2 degC 1199 1199 1191 1191 1188
Temperature Zone 3 degC 1199 1199 1191 1191 1188
Temperature Zone 4 degC 199 1199 1199 159 ! 188
Temperature Die deg C {218 (218 204 204 |199
Melt temperature deg C | 218 1217 (214 | 211 | 208
Pressure Vent 1 kPa 563 1625 1693 | 672 |803
Pressure Vent 2 kPa 1519 1596 |67.7 657 |793
Pressure Vent 3 kPa 219 1252 1271 1272 |50.9
Pressure Vent 4 IPa 1213 1213 1217 179 1273
Residual Toluene wt% | 0.62 1 0.66 |0.59 1047 |1.07
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Table 4
Analysis Notes Units | Before Ex. Ex.
Isolation 4 12
v dg 1 0.0789 1 0.0774 | 00811
% Toluene GC % 0.4695 | 1.4208
Hydroxyl FTIR ppm | 20737 21002 | 21091
content
Residual 2,6-X | GC ppm | 176 186 216
Residual GC ppm | 17235 15971 | 16167
TMBPA
M, GPC AMU | 1250 1248 | 1213
My GPC AMU | 2528 2638 | 2583
D (My/M) GPC 2.02 211 2.13
'H NMR Absolute M, 1489 1514 | 1474
Wt % Bipheny! unit 0.67 0.64 0.66
Wit % total TMBPA 21.12 20078 | 21.07
Wt % Free TMBPA 1.17 1.04 1.12
Wt % Ex Mannich DBA (.86 1.48 1.51
Functionality 1.88 1.91 [.88
ppm OH ppm | 22700 23300 | 23700
% Terminal TMBPA Yo 48 48 49
EXAMPLE 13

[00751 A monofuﬁctiona] poly(arylene ether) ether having an intrinsic
viscosity of about 0.12 deciliter per gram at 25°C was prepared by oxidative
polymerization of 2,6-dimethylphenol. After chelation of the catalyst, the solution
was concentrated to 59% solids and isolated by devolatilizing extrusion using the
apparatus described for Examples 1-12 and the processing conditions detailed in
Table 5. Note that the extrusion temperatures were higher and the last vent pressure

was lower than those for Examples 1-12.
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Table 5
Variable Unit | Ex, 13
Toluene-PPE solution % %% 59
solids
Toluene-PPE solution feed kg/hr | 13.6
rate
Dry back feed rate kg/hr | 0.9
Screw speed rpm | 400
Temperature Zone 1 deg C | 204
Temperature Zone 2 deg C 1204
Temperature Zone 3 deg C | 204
Temperature Zone 4 deg C | 204
Temperature Die deg C | 246
Melt temperature deg C | 253
Pressure Vent 1 kPa | 86.1
Pressure Vent 2 kPa 1817
Pressure Vent 3 kPa 1956
Pressure Vent 4 kPa | 6.8
Residual Toluene wt% | .26

COMPARATIVE EXAMPLES 1-5

[0076] These examples illustrate melt extrusion of a methacrylate-capped

poly(arylene ether} dry powder

[0077] Two batches of a bifunctional poly(arylene ether) having an intrinsic
viscosity of 0.09 dL/g measured at 25°C in chloroform were prepared by oxidative
copolymerization of 2,6-dimethyiphenol and 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane in toluene. The terminal hydroxy groups of the bifunctional
poly(arylene ether) were methacrylate-capped by reaction with methacrylic



WO 2008/124488PCT/US2008/059249 45 COMPARATIVE EXAMPLES 8-46 [0084] These
comparative examples illustrate the effects of melt extrusion on the molecular weight of various
methacrylate-capped poly(arylene ether)s in the presence and absence of the polymerization inhibitor
4-t-butylcate6¥iB12008/176885] The experiments were conducted on the labarataryssealgsexdruder
described above for Comparative Examples 1-5. ¥ Table 9, the column labeled "PPE type" indicates
the type of poly(arylene ether) used. The designation "MAPPE 0.12" corresponds to a
methacrylate-capped poly(2,6-dimethy1-1,4-phenylene, ether) (prepared by homopolyrnerization of
2,6-dimethylpRERGI oMV @fﬁ%ﬂb@p@m}ﬁrﬁm&m&mww%ﬁ&% I PRSIV cosity of 0.12
deciliter per gramelMAZPRENB:06" scarbsponas dapashethactdaie dicappeshcepelymernef 2,6-
dimethylphenol and.tetramethylbi ;LA havin intripsic viscosity of 0.06 deciliter per gram;
NIAZPPE 0 08 ELTHALD SHER 1 & M e BIRAR B Cop B Er LR b BTG bl and
tetramethylbigpbeagliAcheadtignan inttinsiglidscositylaf 008 - ceailite tipargraappibpoly{arylene ether)s
were previousa!yf'] ol Q fr s%dﬂﬂz(ﬂﬁ? Epreci itatiqn in e%)@g@. T{u/? column labeled "PPE amount”
gives the amou%t’sgoft e pg%y arylene etﬁ/(erg ir?lg?é%r%%}eﬁ_% numbers in ﬁéaga%ﬁma% efél “Inhib."
correspond tothdambannbrdidhpigaent e ciotin g reamelicatiofo 086 devalbld Qine mysaatares of the
four temperatyrescantrolied %EMH%EI 2ONGSAR SXRIESSAMIN degGes Ceatgade, Jogdamperatures in

the columns labeled "Probe(1)" and "Probe(2)" are expressed in degrees centigrade and correspond

to melt temperSRIHHERithi IS B POPRRCESRTHh R T inte TEBEP GiveshE fedidence time in
the extruder, expresseddrapbitsafi-easopdsenthe celumbiahaleci RifMicgivas the extruger screw

rotation rate, in rotations per minute, . When an example. lists v%i/uesg‘(})&é' "in col mrgst}' r extruder
temperature, %lrrcr)\sés,hniﬁ;cfilgotca?tié?ﬁera éﬂ?fm'%%tﬁécﬁﬁ’gfs %E(% AR aRS T%@&? vﬁ}%‘g t 8Xttlsion. WO
2008/124488 PETHIS2B08t050248 46!t vis{GO87}iThie flesuttsugleow that each of the
methacrylate-capped poly(arylene ether)s exhibited a small but significant increase in molecular

weight on melt extrugiorsimosaerals thamelaclaiweight increase wasgreatarforths.niono-capped
0.12 dLig polygg}/lene ether) than for the dicapped 0.06 dL/g poly(arylene ether). Neither of these

resins generatdd ARy G SFTE0TE &Y Ty o E BiELHAbE MRS calt Gord . SRS SRR the

polymerizatiocejikibitelydricbutylcatechol allows for an increase in die temperature, but increasing the
concentration of 4-t-butylcatechol from 0.25 to 0.5 parts by weight per 100 parts by weight poly(arylene

ether) did not produggas) adiianal Renefitn.y. [QRBRIHEOr ihslisapreckOS:dHapolarylene ether),

the effect of multiple passes through the extruder was explored. In general, some molecular weight
build was ob<BNEY8h HesstHRELth/Iugnsdastrite dismrr rdriRel Molked| FwBighisuild was
observed aftenseigonchancks thindpassesaiaugh heeitudernSameigelsaerepIsentdeafter the

second pass through the extruder.  _.[00 9!_T$eamoeléac ar weight increases observed on melt
extrusion of tRESe poly(arylend e ‘fl]er?s ighiigh fhgpun@MF@%%bﬁ%éoh@g%@%%ﬁ%&ns by
&volatilizing extrasipnadridest dinslaltdmbpratiunelyonaitiosid avifhiopgbsepiingoa sigiiitant molecular
weight increa@&np\{ys%g%gﬁﬂ% %%%P%T%%Qq%tggggéo%ﬁ%n of the methacrylate dicapped

poly(arylene ether) in methanol. The extruder was a C.W. Brabender extruder, type

2503, single screw, 1.9 centimeter (3/4 inch) screw diameter, with a ratio of screw

length to diameter of 25. The extruder was operated at 100 rotations per minute with

the four zone temperatures specified in Table 7. The extruded polymer was analyzed

by gel permeation chromatography to determine molecular weight characteristics, and

by 'H NMR to determine the weight concentration of methacrylate groups, based on

the weight of the polymer. The results in Table 6 show the stability of the

methacrylate capping groups on the polymer after multiple lab extrusions. The data

indicate that the reactivity of the material at the extrusion melt temperature (about

230°C) is low: all the samples passed through the lab extruder up to three times

without incident; some gel particles were detected in solution but they were
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insignificanily small; number average molecular weight increased by about 5%;
weight average molecular weight increased by about 15%; and the weight percent of
methacrylate capping groups decreased by about 4%. Although the reactivity of the
material at the extrusion femperature is low, a small but significant amount of
branching and/or crosslinking did occur, as evidenced by the molecular weight

increase.
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EXAMPLES 14-16, COMPARATIVE EXAMPLES 6 AND 7

{0080} A poly(arylenc ether) solution was processed by devolatilizing
extrusion using the three sets of conditions detailed in Table 7. “Product discharge
temp.” is the temperature of the poly(arylene ether) at the end of the cooling belt as
measured by a band-held infrared temperature detector (Cole Parmer 39650-02 IR
thermometer). The solution was prepared by re-dissolving precipitated methacrylate
dicapped poly(arylene ether) (0.09 dL/g) powder in toluene fo give a solution
comprising 30 weight percent solids, then concentrating the solution to 70 weight
percent solids. The three sets of devolatilizing extrusion conditions correspond to

Examples 14-16 in Table 7.

[0081] Resuits of characterizing the isolated capped poly{arylene ether)s are
provided in Table 8. Residual (uncapped) hydroxy groups were determined by
Fourier Transform Infrared spectroscopy (FTIR) using 2,6-dimethylphenol standards.
Concentrations of free methacrylic acid (MAOH), methacrylic anhydride (MAA),
DMAP, and toluene were determined by gas chromatography. Number average
molecular weight (M,), weight average molecular weight (My), and polydispersity
index (D; M,/M;) were determined by gel permeation chromatography. The weight
percent of methacrylate capping groups (based on the total weight of the capped
poly(arylene ether)) was determined by proton nuclear magnetic resonance
spectroscopy ('H NMR). In Table §, Comparative Examples 6 and 7 represent the
two precipitated methacrylate dicapped poly(arylene ether) (0.09 dL/g) powders used
to generate the poly(arylene ether) solutions for Examples 14-16.

{0082] The results in Table 8 show that the process of devolatilizing extrusion
and melt cooling in air by means of a cooling belt unexpectedly does not result in
substantial decomposition of the capped poly(arylene ether). This result is unexpected
because molecular mobility is greater in solution than in a polymer melt, and because

air oxidation of the methacrylate groups might be expected to initiate
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[0083] polymerization of those groups. In particular, although crosslinking of
the methacrylate functionality would have been expected to occur under these
conditions, no significant difference in methacrviate functionality or molecular weight
was observed for the product before and after undergoing the devolatilizing extrusion
and belt cooler collection process. These results demonstrate the surprising result that
the methacrylate-capped poly(arylene ether) is able to withstand the total isolation
process without significant cross-linking or degradation due to oxidation by air. The
product may be isolated by this process without the need to add a polymerization

stabilize
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Table 7
Parameter upits | Ex. Ex. Bx.
14 15 16
Temperature Zone 1 o 188 188 188
Temperature Zone 2 °C 188 188 188
Temperature Zone 3 °C 191 191 188
Temperature Zone 4 °C 194 198 204
Die Temp °C 204 210 216
Melt Temp oC 223 225 229
Vacuum Port #1 kPa | 904 | 90.8 50.4
Vacuum Port #2 kPa | 90.3 91.1 90.8
Vacuum Port #3 kPa + 41.5 37.3 41.0
Vacuom Port #4 kPa | 26.7 27.0 26.7
Fxtroder screw rotation rate | rpm | 330 44,0 44.0
Bxtruder Torque % 40 41 37
Polymer Solution Feed kg/he | 114 13.6 13.6
Barre] #1 Feed Ib/hr | 0.9 0.9 0.9
Belt Cooler Temp o - 27 -
Product discharge temp °C o 93 -

PCTAIS008/659249
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COMPARATIVE EXAMPLES §-46

[0084] These comparative examples illustrate the effects of melt extrusion on
the molecular weight of various methacrylate-capped poly(arviene ether)s in the

presence and absence of the polymerization inhibitor 4-t-butylcatechol.

[0085] The experiments were conducted on the laboratory-scale extruder
described above for Comparative Examples 1-5. In Table 9, the column labeled “PPE
type” indicates the type of poly(arylene ether) used. The designation “MAPPE 6.12”
corresponds  to  a  methacrylate-capped  poly(2,6-dimethyl-1,4-phenylene  ether)
(prepared by homopolymerization of 2,6-dimethylphenol followed by capped with
methacrylic anhydride) having an intrinsic viscosity of 0.12 deciliter per gram;
“MAZPPE 0.06” corresponds to a methacrylate-dicapped copolymer of 2,6-
dimethylphenol and tetramethylbisphenol A having an intrinsic viscosity of 0.06
deciliter per gram; “MA2PPE 0.09” comresponds to a methacrylate-dicapped
copolymer of 2,6-dimethylphenol and tetramethylbisphenol A having an intrinsic
viscosity of 0.09 deciliter per gram. All poly(arviene ether)s were previously isolated
from solution by precipitation in methanol. The column labeled “PPE amount” gives
the amount of the poly{arylene ether) in grams. The numbers in the column labeled

“Inhib.” correspond to the amount of 4-t-butyicatechol in grams.

[0086] In Table 9, temperatures of the four temperature-controlled extruder
zones are expressed in degrees centigrade. The temperatures in the columns labeled
“Probe(1)” and “Probe(2)” are expressed in degrees centigrade and correspond to melt
temperatures within the extruder. The column labeled “Time (sec)” gives the
residence time in the extruder, expressed in units of seconds. The column labeled
“RPM” gives the exiruder screw rotation rate, in rotations per minute. When an
example lists values of “NA” in columns for extruder temperature, time, and rotation

rate, it means that the sample was analyzed without extrusion.
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[0087] The results show that each of the methacrylate-capped poly(arylene
etherys exhibited a small but significant increase in molecular weight on melt
extrusion. In general, the molecular weight increase was greater for the mono-capped
0.12 dL/g poly{arylene ether) than for the dicapped 0.06 dL/g poly(arylene ether).
Neither of these resins generated any observable gels after one pass through the
extruder. The addition of the polymerization inhibitor 4-t-butylcatechol allows for an
increase in dic temperature, but increasing the concentration of 4-t-butylcatechol from
0.25 to 0.5 parts by weight per 100 parts by weight poly(arylene ether) did not produce

ap additional benefit.

[0088] For the dicapped 0.09 dL/g poly(arylene ether), the effect of multiple
passes through the extruder was explored. In general, some molecular weight build
was observed on the first pass through the extruder, and further molecular weight
build was observed after second and third passes through the extruder. Some gels

were observed after the second pass through the extruder.

10089] The molecular weight increases observed on melf extrusion of these
poly(arylene ether)s highlight the unexpected ability to isolate such resins by
devolatilizing extrusion under similar temperature conditions without observing a

significant molecular weight increase.
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EXAMPLES 17 AND 18 COMPARATIVE EXAMPLE 47

[0090] These examples illustrate the molecular weight distribution of two
poly{arylene ether)s isolated by the devolatilizing extrusion process. They also allow

a comparison to one of the same poly(arylene ether)s isolated by precipitation.

[0091] The poly(arylene ether) of Example 17 in Table 10 was a poly(2,6-
dimethyl-1,4-phenylene ether) having an intrinsic viscosity of 0.12 deciliter per gram
obtained as PPO SA120 from GE Plastics. The poly(arylene ether) of Example 18
and Comparative Example 47 was a poly(2,6-dimethyl-1,4-phenylene ether) having an
intrinsic viscosity of 0.09 deciliter per gram obtained as PPO SA90 from GE Plastics.
For all of these exampies, the experiment started with a 50 weight percent solution of
the poly(arylene ether) in toluene. For Examples 17 and 18, the poly{arylens ether)s
were isolated by the devolatilizing extrasion process described above for Examples 1-
12.  For Comparative Example 47, the poly(arylene ether) was precipitated by
addition of one part by volume of the toluene solution to three parts by volume of
methanol.  Molecular weight distribution was determined by gel permeation
chromatography using polystyrene standards as described above. A comparison of the
results for Example 18 and Comparative Example 47 show that the Example 18
sample isolated by devolatilizing extrusion had a higher fraction of low molecular
weight species than the Comparative Example 47 sample isolated by precipitation.
For example, greater than 5 weight percent of the FExample 18 sample had a molecular
weight less than 500 atomic mass units, and greater than 10 weight percent of the

sample had a molecular weight between 500 and 1500 atomic mass units.
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Table 10
Bx. 17 Ex, 18 C. Ex. 47
PPE type PPE 0.12 PPE 0.09 PPE 0.09
Isolation method devol. extrusion devol. extrusion precipitation
Mn 3310 2064 2580
Mw 7250 4024 4650
D 2.19 1.95 1.80
%% <= 500 1.56 3.10 1.72
%=<=750 2.90 5.97 3.45
%0<=1000 4.48 9.46 5.72
Y%a<=1250 £.25 13.28 8.30
%o<=1500 8.15 17.50 11.47
Yo<=1750 10.25 22.05 14.98
Yo<=2000 12.51 26.82 18.84

[0092] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and
use the invention. The patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal language of the

claims.

[0093] All cited patents, patent applications, and other references are
incorporated herein by reference in their entirety. However, if a term in the present
application contradicts or conflicts with a term in the incorporated reference, the term
from the present application takes precedence over the conflicting term from the

incorporated reference.

[0094] All ranges disclosed herein are inclusive of the endpoints, and the

endpoints are independently combinable with each other.

[0095] The use of the terms “2” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise

indicated herein or clearly contradicted by context. Farther, it should further be noted
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49 EXAMPLES 17 AND 18 COMPARATIVE EXAMPLE 47 [0090] These examples illustrate the
molecular weight distribution of two poly(arylene ether)s isolated by the devolatilizing extrusion
process. Théyaiesdléwsa comparison to one of the same poly(arylene etH&rfsSkokbet4sy
precipitation. [0091] The poly(arylene ether) f Example 17 in Table 10 was a poly(2,6-
dimethy1-1,4-phenylene ether) having an intrinsic viscosity of 0.12 deciliter per gram obtained as PPO
SAI20 from GE PJastics. Th Q,Iy‘éar lene ether ample 18 and Comparative Example 47 was a
poly(2,6-dimet ti-i,tff%?en“ié%he Pfﬁ}ée? ’h&&%@%ﬁ%ﬁtr%g \%’sggsﬁﬁngfeo. §%regﬁ1t%¥a§£rg%ram obtained
as PPO SA9@frompdaEnPiasticsiafar altcofithése dxamples, the ekpannéntstantddwitize50 weight
percent solutign.g he poly(anlens SIS IOlENS: Kt BXATAIERIL.aNd 8. e polylaryiene

ether)s were isolated by the devolatilizing extrusion process described above for Examples 1- 12. For
Comparative Exahip|E:4 7ngBips HeAEne clife frWas! dregipilated iy adtitiisise dtie Faft by volume of
the toluene sgqlutign:ig mgg%ﬁgg§egyeyp@gmg%@gyﬁa{%ﬁm[ecular weight distribution was
determined by gel permeation chromatography using polystyrene standards as described above. A
comparison of the results for Example 18 and Comparative Example 47 show that the Example 18
sample isolated by devolatilizing extrusion had a higher fraction of low molecular weight species than
the Comparative Example 47 sample isolated by precipitation. For example, greater than 5 weight
percent of the Example 18 sample had a molecular weight less than 500 atomic mass units, and
greater than 10 weight percent of the sample had a molecular weight between 500 and 1500 atomic
mass units. 50 Table 10



Ex. 17 Ex, 18 C. Ex. 47 PPE type PPE 0.12 PPE 0.09 PPE 0.09 Isolation method &vol. extrusion
devol. extrusion precipitation 2580 Mn 3310 2064 Mw 7250 4024 4650 D 2.19 1.95 1.80
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The invention claimed is:
1. A method of separating a poly(arylene ether) from a solvent, comprising:

removing volatiles from a mixture comprising a poly{arylene ether) and a solvent by
devolatilizing extrusion to form an extruded composition comprising the poly(arylene
ether); wherein the devolatilizing extrusion comprises adding a solid poly(arylene ether)
to a first section of an extruder, and adding the mixture to a second section of the extruder
downstream of the first section; and

cooling the extruded composition with a cooling device; wherein the cooling device cools
the extruded composition without water immersion of the extruded composition;

wherein the polyv{arylene ether) comprises, on average, at least 1.5 hydroxy groups per
molecule.

2. The method of claim 1, wherein the cooling device is maintained at a temperature
of about —30 to about 150° C.

3. The method of claim 1, wherein the cooling the extruded composition comprises
cooling the extruded composition to a temperature of about 20° C. to the glass transition
temperature of the poly(arylene ether).

4. The method of claim I, wherein the cooling device comprises a cooling belt.

5. The method of claim 1, wherein the cooling device comprises a belt cooled with a
liquid selected from the group consisting of water, glycol, liguid brine, and mixture
thereof.

6. The method of claim 1, wherein the cooling device comprises an air-cooled belt.

7. The method of claim I, wherein the cooling the extruded composition comprises
spraying the extruded composition with a water mist.

8. The method of claim 1, wherein the extruded composition is extruded in the form
of a sheet, a strand, or a film; and wherein the cooling device comprises a flaker and a
cooling belt.

9. The method of claim |, wherein the cooling device comprises a die face pelletizer
and a cooling belt.

10. The method of claim 1, wherein the cooling device comprises an apparatus for
pastille formation and a cooling beit.

11. The methed of claim 1, wherein the cooling the extruded composition is
conducted in a clean room.



% <= 500 1.56 3.10 1.72 %<=750 2.90 5.97 3.45 %<=1000 4.48 9.46 5.72 %<=1250 6.25 13.29 8.30
%<=1500 8.15 17.50 11.47 %<=1750 10.25 22.05 14.98 %<=2000

12. The method of claim 1, wherein the mixture comprising the poly(arylene ether)
and the solvent is a solution.

13. The method of claim 1, wherein the devolatilizing extrusion comprises introducing
the mixture to an extruder in a superheated state.

14. The method of claim 1, wherein the extruded composition is transferred to the
cooling device in a form selected from the group consisting of strands, pellets, prills,
pastilles, films, sheets, and flakes.

15. The method of claim 1, wherein the cooling device is a cooling belt, wherein the
extruded composition is deposited on the cooling belt in the form of a film, a strand, or a
sheet, and wherein the method further comprises breaking the film, strand, or sheet into
flakes or irregular particles.

16. The method of claim 15, further comprising packaging the flakes or irregular
particles in a container selected from the group consisting of reinforced paper bags,
boxes, and fiber drums.

17. The method of claim 1, wherein the extruded composition consists essentially of a
poly(arylene ether), and wherein the poly(arylene ether) comprises less than 2,000 parts
per million by weight of an antisolvent for the poly(arylene ether).

8. The method of claim 1, wherein the weight ratio of the mixture to the solid
poly(arylene ether) is about 1:50 to about 50:1.

9. The method of claim 1, wherein the mixture is added to the extruder downstream
of at least one vacuum vent.

20. The method of claim 1, wherein the extruded composition comprises a
poly(arylene ether) comprising repeating structural units having the formula

TN /T

pa z!

wherein for each structural unit, each occurrence of Z' is independently halogen,
unsubstituted or substituted C,-C, hydrocarbyl provided that the hydrocarbyl group is
not tertiary hydrocarbyl, C,-Ciz hydrocarbylthio, C-Csa hydrocarbyloxy, or Co-Cia
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and oxygen
atoms; and each occurrence of 7 is independently hydrogen, halogen, unsubstituted or
substituted Cy-C; hydrocarbyl provided that the hydrocarbyl group is not tertiary



12.51 26.82 18.84 [0092] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and use the
invention. The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are intended to be within the
scope of the claims if they have structural elementsgthat do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from the literal
language o the claims [0093] All cited patents, patent appllcatlons and other references are

incorporat '&ﬁ %P% b ferbrefedrioailtantes!.: W&F@F ifl9pter frethe present application
contradicts FW Y YRR BhECRTEBS e B e AR AR sl sen e PrE8eht application
takes preceaa%lﬁﬁe over the conflicting term from the incorporated reference. [0094] All ranges
disclosed herein, are mg:lgsr}ze of the e orr% an %:? endpoints are independently combinable with
each other. %@O%%’i ) st 6Fihe t’e‘g THa SR AR AP SRS RIEPYrS A RA TR THEContext of
describing fAeTAve t%n%%%mal?y in the context of the following claims) are to be construed to cover
both the singular and the plural, unless otherW|se indicated herein or clearly contradicted by context.

inclusive of the tate
of error associated WI : e,
method of sepa trng a p (a‘r’ylen ether) ffom asolvent, comprrsrng removing volatiles from a
mixture compis ﬁﬁ@%‘pbﬁ(‘gﬁﬁeﬁé@tﬁen and a solvent by devolatilizing extrusion to form an extruded
composition comprising the poly(arylene ether); wherein the devolatilizing extrusion comprises adding
a solid poly(aryfene gther) o a firsksectiog of gn extruder, and adding the mixture to a second section
of the extruder downs ection;iand cooling the extruded composition with a cooling
device; whergin the ¢ Q) dehe(e truded composition without water immersion of the
extruded comppsitiony wh#rein the Roly(éryleng ether) comprises, on average, at least 1.5 hydroxy
groups per mol cule 2. T,he method o .glal 1, wherein the cooling device is maintained at a
temperature of bout -30 t0 about 150C. " 3. The method of claim 1, wherein the cooling the extruded

composition %m%rilnsg%{;oohn ﬁtgi e tﬁude%i ﬁ@mpn%eelgig)ﬂraégt tem te?r lygr]%fl about 20C. to the glass
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device com&gefﬁ% fRNR9 P tarbyl group is not tertiary hydrocarbyl, C,-C ghydrocarbvlthto

C-Cyp hydrocarbyloxy, and C,-C;, halohydrocar byloxy wherein at least two carbon
atoms separate the halogen and oxygen atoms; x is 0 or 1; and Y has a structure selected
from the group consisting of
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wherein each occurrence of Ry is independently selected from the > group consisting of
hydrogen and C;-Ci2 hydrocarbyl, and each occurrence of R® and R’ is independently
selected from the group consrstmg of hydrogen, C,-C;;hydrocarbyl, and C,-Cq
hydrocarbylene wbetem R* and R” collectively form a Cy4-Cio alkylene group; each
occurrence of 7' is independently halogen, unsubstituted or substituted C;-Ci»
hydrocarbyl provided that the hydrocarbyl group is not tertiary hydrocarbyl, C;-C)»
hydrocarbylthio, C-C; hydrocarbyloxy, or C;-C; halohydrocarbyloxy wherein at least
two carbon atoms separate the halogen and oxygen atoms; each occurrence of 77 is

independently hydrogen, halogen, unsubstituted or substituted C;-C;, hydrocarbyl
provided that the hydrocarbyl group is not tertiary hydrocarbyl, C,-C;2 hydrocarbylthio,



5. The method of claim 1, wherein the cooling device comprises a belt cooled with a liquid selected
from the group consisting of water, glycol, liquid brine, and mixture thereof. 6. The method of claim 1,
wherein the cooling device comprises an air-cooled belt. 7. The method of claim 1, wherein the
cooling the extruded composition comprises spraying the extruded composition with a water mist. 8.
The method of claim 1, wherein the extruded compgsition is extruded in the form of a sheet, a strand,
or a film; and wherein the cooling device comprises a fiaker and a cooling belt. 9. The method of
claim | wherein the cooling device comprises a die face pelletizer and a cooling belt. 10. The method
of claim 1, WhéreiREeCEdIiNy detiee Comprbadrasrdparatussisipaidiie forrraiomanas cooling belt.
IT The metRERPBFCIAMI WHEPBh R 8iBStHecesdriER i dernpdaition iv doRductédeihthatiean room.
5.3 12, THEHEMT A ZithaL IshMetein AHE RO e e TSRy e iokarylene ether) and the
solvent is a sqlution. 13. The method of claim 1, wherein the devolatilizing extrusion comprises
introducing %ﬁj %’?@ep%ogr? &r TG SigBRAYSH dette stherd hasn fndtivsls iSRSty of wherein the
extruded céiipBsition ftiafist "0 RRR Y SIHy YA L ipFR e 8ted Hom the group consisting
of strands, peilftﬁggwsﬂlg %t)ill S, fil{n‘syv,lﬁlshenett , anjﬁfgakﬁqs. 15. The methad of claim 1, wherein the
cooling devjcé |§Oa}ct%c§f)%g?tbe s‘é'ﬁlef%m e e rRTEd ¥ %%H}BH i?ﬂ%%?ﬁ@@‘%ﬁ‘fﬁ%g%&fng belt in

‘ ' St dnd AR &TATTHE Hie %%Fﬁf@%&ﬁﬁ;ris%s breaking the film,

the form of a ifm, a strand, o a Shee
strand, or shegt ipjo flakes;olriequiar particles, (16, T s'yg&b‘)? of.claim 13, further comprising
packaging 46 akss & Hisghiss Ratils, i o coftenEr sledled I O Lbp oritin] o

reinforced paper bags, boxes, and tiber drumnis. TrirHe method S el , Wherein the extruded

composiion ansists essertall e ARRIKARIERE SIED. and wherein the poly(arylene ether)
comprises less than 2,000 parts per miliion by weig t%r'f an antisolvent for the poly(arylene ether).
18. The methad of claimilesWhgrel R iRG W eIghLFRIR. Of thie miuire 4p.dhe.s9lid poly(arylene ether) is
oLt 50 N L B s A AR the xtruce
downstreaniobatileast QRENAFHUIR ¥R adAf: LREIMSHIE QlElRIN, 1 wherel the extryded

compositiopcampiisesr RANFaNERs SRR GORRHEING FERSRINY SIALIr Al WAl DavIRg the formula
wherein forgachatsuctiial unit, each occurrence of Z1 is independently halogen, unsubstituted or

substituted C1-C12 hydrocarbyl provided that the hydrocarbyl group is not tertiary hydrocarbyl,
C1-C12 hydsotiagithior€eCroydmeriyiamar) oiG2-Ghalehdracarhylgxywhgkein at least two
carbon atomdysepdeate:-tie)halogen and oxygen atoms; and each occurrence of Z2 is independently
hydrogen, halogen, unsubstituted or substituted C1-C12 hydrocarbyl provided that the hydrocarbyl
group is nobertiarshSudiyeltogastiyty h<CGihbydicacpapytithienx CpbiQ 421 BydsacasyioxyisafeC2-C12
halohydrocarkyloxgewiideein bf Babbhy@earoreatomhs skeparate the halogen and oxygen atoms. 21.
The method of claim I, wherein the extruded composition comprises a poly(arylene ether) having the
structure wherein the isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to about

0.15 deciliter per gram as measured in chloroform at 25° C.:

wherein the mixture comprises about 65 to about 85 weight percent poly(arylene ether)
and about 15 to about 35 weight percent solvent; and

wherein devolatilizing extrusion comprises feeding the mixture to an extruder comprising
at least one barrel having a temperature of about 200 to about 235° C., and
at least one vent having a pressure of about 20 to about 40 kilopascals.

26. The method of claim 25, wherein the mixture comprising the poly(arylene ether)
and the solvent is a solution.

27. The method of claim 25, wherein the devolatilizing extrusion comprises
introducing the mixture to an extruder in a superheated state.

28. The method of claim 25, wherein the isolated poly(arylene ether) comprises less



wherein each occurrence of R5 and R6 is independently selected from the group consisting of
hydrogen, halogen, unsubstituted or substituted C I-C12 hydrocarbyl provided that the hydrocarbyl
group is not tertiary hydrocarbyl, C1-C12 hydrocarbylthio, CI-C12 hydrocarbyloxy, and C2-C12
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and oxygen atoms; x is 0
or 1;and Y has a structure selected from the grouggonsisting of wherein each occurrence of R7 is
independently selected from the group consisting of hydrogen and Ci-C12 hydrocarbyl, and each
occurrence of Rs and R9 is independently selected from the group consisting of hydrogen, CI-C12
hydrocarbyithahd-6H e kydrceito brevaigbt eirrRandnd Rotdolidutively(fophra G012 alkylene
group; each occurrence of Z |s |nde endently halogen, unsubstituted or substituted C1-C12
hydrocarby! provibsaisatan mﬁ@%lﬁﬁﬁ@ﬁaﬁy(ﬁyﬁdm@&tbw Gle@iishydposarbylthio,
C,-C hydro@a?&?l@@&“io]r c@zg@ﬂ%%&;wy rbyloxy wherein at least two carbon atoms separate the

halogen and ggﬁato each occurrence of Z2 is independently hydrogen, halogen, unsubstituted
or substituted; dc %?%g rovith Brﬂﬁ‘af}{hé‘gh?%@%ﬁ@‘ éﬁf‘dﬁﬁlﬁkeﬁb‘ﬁtertlary hydrocarbyl,

CI-C12 hy fi %1‘?8‘;38)??’@?@?“@‘&%%%%8#@%3%% hgFerein at least
two carbon g% %{Fd& SR H@Rﬂ’ﬁ? hsrdcoarsisss 8 mohdantlsne to 100
provided th& tehrg sum 3? SREFYYS at least one: and each occurrence of Q is hydrogen. 22. The
method of clain herelnéhe oly(arylene ether) has an intrinsic viscosity of about 0.03 to about 1
deciliter per gr f \meagured i ¢hloroform at 25 C.  23. The method of claim 1, wherein the
poly(arylene eth r) h intrinsiciviscosity of about 0.1 to about 0.25 deciliter per gram as measured

hod of claim 1, wherein the poly(arylene ether) has an intrinsic
.25 deciliter per gram as measured in chloroform at 25 C. 25. A

poly(arylene et "- and a solvenit by devolatilizing extrusion to form an extruded poly(arylene ether);

wherein the devol |lZI extrusion co sa d|n as lid poly(arylene ether) to a first section of an
extruder, a % 2ddin il DAL ?a gPF}&, OéﬁWu%lEF b BAFRIAERY first section;

€71, uggt %t e or sugg% f%
d cool BeRS ot | h
el ?rac S e e
at least 1.5y g%{o%gua%}psgm%%y 5 ) ;9{5 %pend's R L{%%ffgﬁ %}%ﬁ'} a intrinic

t f
;/hsecr?wsl;(%?egggggj?ggéjé@ gﬁ%%gr&gﬂﬁ% Su% ;&eﬁ ?Xéaé/ ne eﬁwgof a daf%out 15 to about

35 weight paGRISelVePie.an e &%V%'Hﬁ S 4 {@&ae Jeeging the miture to an
extruder comprisingRbleastane el :Hﬁé’;@gcﬁﬁﬁwgﬁwﬁ hahaul 20 A 5 sum , and at
least one vealihaving arRRasSHIB.S ABOUL2 Q.10 abaky é&%hCéJQ&ﬁ?é}% of % ?‘0 of claim 25,
wherein the mixture comprising the poly(arylene ether) and the solvent i a's utl 27. The method
of claim 25, vehetein thende\w?latizing extuisiemequpisesINTagueingthe mixture E%t%g extruder in a

superheated ietatel. s B8:Ihesmefosohelaimeinnberginits salaied PRWAIeNe:e %ﬁé) comprises
less 56 thami2{009 parts per million by weight of an antisolvent for the poly(arylene ether). 29. The

method of claim 25, wherein the isolated poly(arylene ether) comprises about 0.1 to about | weight
percent solvent. 30. The method of claim 25, wherein the isolated poly(arylene ether) is a

polyfunctional poy(ar ene gher)egmpriging, ol aversy east #.5 functional groups Q per
molecule; andw ereln he sd ated ryleﬁe )com ri
7
CH;

a polyi(arylene ether) having the
structure
wherein cach occurrence of Q7 and Qs independently methyl or di-n-

butylaminomethyl; and each occurrence of a and b is independent] y 0 to about 12,
provided that the sum of a and b is at Jeast 1.

32. The method of claim 25, wherein the solid poly(arylene ether) is a portion of the
isolated poly(arylene ether).



wherein R is the residue of a polyhydric phenol; each occurrence of Z' is independently halogen,
unsubstituted or substituted C1-C12 hydrocarbyl provided that the hydrocarbyl group is not tertiary
hydrocarbyl, C1-C12 hydrocarbylthio, CI-Cp hydrocarbyloxy, or C2- C 12 halohydrocarbyloxy wherein
at least two carbon atoms separate the halogen and oxygen atoms; each occurrence of Z2 is
independently hydrogen, halogen, unsubstituted of-substituted C1-C12 hydrocarbyl provided that the
hydrocarbyl group is not tertiary hydrocarbyl, C1-C12 hydrocarbylthio, C1-C12 hydrocarbyloxy, or
C"-C12 halohydrocarbyl Whereln at Ieast two carbon atoms separate the halogen and oxygen
atoms; each o? MliSiidepertisit) BesHpGR taddrs\iots Gare domrsrerbecurrences
of mis at Ie%s?t eé}‘?‘ié’%{ Y@ﬁfs]f‘%m%a %@Eﬁ‘ﬁc%{ﬁpé’ﬁﬁéoo@(ﬁl@‘ﬁﬂ@rb’é%‘?ﬁscaﬂ The method of claim 25,

wherein the i oI e.ether) has, on average, at least 1.5 hydroxy groups per molecule
and comprls a% iy % PE'? sazﬁlﬁeﬁ%emﬁﬁ?@l]ﬁ‘?g belf i dpaiftaaeh B CGHeREEYST 67 andQs is
I-

mdependenat yI rmnomethyl and each occurrence of a and b is independently O to

about 12, pro that hes an bisa eas met od of cla erein the
solid poly( Eé%ilqeﬁfheri %%Qr ion of W}Eéefgbé]i' 406 y(dam%éﬁaé%ﬁ?&i B} %émlizﬁé‘ thod of claim

25, wherein the S MIXIUFE 1S d fo the extruder downstream of at least one vent having a pressure of

about 20 to ahgu 40, nethod of claim 25, wherein the cooling belt is maintained
atatemperat?;?eﬁb?%l%%f@gé%%ogg gt%f-{ 8[;” © SﬁSuecomné? oél of claim 25, wherein the isolated
poly(aryleng.ether) is in.the. farm %Q@kﬁﬁ gy es; eth d of isolating a
poly(aryleng@@magfmwwsn SAMING 1 a@gﬁ? %%EQ% %fé%% o g%? y(arylene ether) and
a solvent b)iéi%!’é%lﬁ?il%ﬁ?ﬁ%f&?@%ﬁﬁlﬁ%ﬁ@dﬁ%g’g%ﬂﬁ (FIeneneingr); Wherein he devolatilizing
extrusion CoMRHaRR.a lick povasrens ehen oA vt Reeipn Rt a0WaXiHder ,and adding the

mixture to ar,g@@@&g)ﬁeﬁ@n of the extruder downstream of the first section; and cooling the extruded
poly(arylene ether) with a cooling belt to form an isolated poly(arylene ether); wherein the mixture
comprises afslutefBd@ahitidRmeightnesentpRlviaians siher BRd APRYIAQto about 30 weight
percent tolyengaanshwigeein the isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to
about 0.10 deciliter per gram as measured in chloroform at 25 C.; wherein the isolated poly(arylene
ether) has, wheaye ihgesiatdeass by mu%m&m@agut%emﬁfgmmyw@miqoIy(arylene
ether) comprisesaatitily(eaylend ®ihdphhpsting the sifuchie  wherein each occurrence of Q7 andQ8 is
independently methyl or di-nbutylaminomethyl; and each occurrence of a and b is independently 0 to
about 12, priwidediithasdheesum aheynd blisrahieastitirrbBiatigastignss biestelhavisgistemperature of
about 210 b idutrgilR80pE: gend &t teastdanvenbheuinga piessure of about 25 to about 35
kilopascals; wherein the mixture is fed to the extruder downstream of at least one vent: and wherein a
portion of thdisoiatbd ipoitdrpEnaoiaee)ibeadyclath forcagditivrido the feetidhyqat oftperextruder.

37. The metdebwEclaim 36, wherein the mixture comprising the poly(arylene ether) and the solvent is

a solution. . .
wherein the isolated poly(arylene ether) comprises a poly(arylene ether) having the
structure

wherein each occurrence of Q” and Q%is independently methyl or di-n-
butylaminomethyl; and each cccurrence of a and b is independently 0 to about 12,
provided that the sum of a and b is at least 1;

wherein devolatilizing extrusion comprises feeding the mixture to an extruder comprising
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at least one barrel having a temperature of about 210 to about 230° C., and
at least one vent having a pressure of about 25 to about 35 kilopascals;
wherein the mixtuie is fed to the extruder downstream of at least one vent; and

wherein a portion of the isolated poly(arylene ether) is recycled for addition to the feed
throat of the extruder.

37. The method of claim 36, wherein the mixture comnprising the poly(arylene ether)
and the solvent is a solution.



