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FROM A SOLVENT BACKGROUND OF THE | NVENTI ON The preparation of polyneric

mat eri al gyg fofpRGseENt |y carried out in a solvent from pei@Bodi/aS 109! yer
product nust be separated prior to nolding, storage, or other such

applications. This is the case in the manufacture of poly(arylene ether),
which is ypically prepared by the oxidative coupling of at |east one
monohydr oxyar oreried OF o$BRABATINGNA tHOEY (ARYSBIE ETHER)a FRA & §YVEEY st em and
sol vent. Many other polyners are simlarly prepared in solution and
require a solvent renoval step in order to isolate the polyner product,
t he pol yrrers being illustrated by interfacially-prepared polycarbonates,

pol ysul f faciall re ed pol ycarbonate esters, and the |ike.
The sol v %@8@%9@@3%%5&31?&%& or thorough mixing of reactants and
reduci ng the viscosity of the reaction m xture to provide for uniform heat
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further facilitate product purification by enabling the polymer product to
be treat eichithtipelsmer prodycianus be semdsatechpridrate ewoldingndordgyiongthaysushs prior to

sol vent r e val i.t.i gnal | cause ol ut i typically
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nor e easiypjeafly Iprepassd b:,h@ﬁb bXidatiel ¢Riplipgloy e NeasDofe hﬁ)nbhﬁlr@@l’aﬁﬂﬁdh\ée use of
sol vent solutions in the manufacture or processi meric material,
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sol vent frhé)gmmﬁ nRNRRMERSstoRat ymrlor‘éaén/ﬁmmgbmu&@my bAd fafciHPaer €am . vent
and the downstream vent; and isolating nmfy product fromthe
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by enabling the polymer product to be treated with water, aqueous acids and bases,

and drying agents prior to solvent removal. Additionally, because a polymer solution

is typically much less viscous than a molten polymer, the polymer solution is

generally more easily filtered than the molten polymer.

Due to the pervasive use of solvent solutions in the manufacture or processing of
polymeric material, there remains a need in the art to provide a convenient and cost-

effective method and system to isolate a polymer from a polymer-solvent mixture.
BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention provides a method for separating a polymer from a
solvent comprising introducing a superheated polymer-solvent mixture to an extruder,
wherein the extruder comprises an upstream vent and a downstream vent; removing
solvent from the superheated polymer-solvent mixture via the upstream vent and the
downstream vent; and isolating a polymer product from the superheated polymer-
solvent mixture; wherein the polymer-solvent mixture comprises a polymer and a

solvent, wherein the amount of polymer in the polymer-solvent mixture is less than or
1



equal to about 75 wei ght percent based on the total weight of polyner and
sol vent, and wherein the polyner is a poly(arylene ether). In an

addi ti onglo fiBedbeent, a nethod for separating a pol ynperfds2sisp29l vent
conprises Introducing a superheated pol yner-solvent mxture via a pressure

control valve located on an extruder or on a side feeder attached to the

extr uderéeqpvf]%r%%}t zgle 1§]§t rr‘%:%ﬁtrba%gmﬁ'tﬁ §Otﬁ%§§ﬁ}&§g)§{ﬁ{vend%ﬂle downst r eam

vent, conpri ses ’wher ei n

the pr eseﬁmrvﬂ]ee@ﬂui@omﬁér\d@apslyeirylaﬁdmldelyo the extruder or positioned
bet ween t he extruder and the side feeder vent; renmoving solvent fromthe

super heat ed pQ ¥mer-so| vent m xture VI a the up strela vetjr1 g@ 11gownstream
vent, andé #heéddtigealfeabpimeing, methad | To5 SR TIPS 2 POINAFE THR GuSRIYe™Hr om t he

pol ymer c%%r%ﬁ% ifobhdhE 3 ‘ﬁg er ef)&?ﬂlﬁf’kéﬂ i 13RbYEYa elf'?fgséﬁr@ cGRMGIT i ses a

pol ymer vent yrrer conprises a poly(arylene
et her). ﬁﬁeﬁﬁc@&ﬁﬁﬁhﬁ&@de@ér DRA\Mdd(EecB‘argtua@led 10 tHeustudere wherse ®abodi ment
of a syst mfor se arating a po t

conpri si SS%%PP Nail V&nky/%%{ aﬁ\ﬁn re?%‘f‘?ng&)gwnéx}f %yﬁ%egﬁ%aw ng one

upstr ean&o‘ﬁﬁﬂfs@s ABide frouder PR vaRBIY B fTessaRolirBlUfagveds iatthdhed kafhes anot her
enbodi ment "conprising two side feeders each equipped wth a kneading bl ock

and venteXUDEAPL EOSIDEBTRDEPICEN tr extapdarNwyENtheoside) feeden sieat; HemEVWEar e
t hod t d
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separ at | @witref Ve and tevady febtiottveng and lfsdlwinlg}a, pdymet ﬂsroducmffrom theari ng a

pol ymer product conprising uniformy dispersed filler is disclosed. The
si ngul arPlygpgigsolyent miypyre; in F%POIWHEW‘EF&%C%FIE}?‘E‘FG FANREEH AP Ess t he

context .. esq)lwe)ﬁt %gﬁgﬁq &E&gw&gomgn%@ ?,Qg&é RR€BReHCT/ US2004/ 022194

" Opti onal opt that t uently“descri bed event or
Ci rcum;tance may or may not occur, and that the description includes
i nst anc eBRIFEDESCRARTION: OF RAWINGENd i nst ances where it does not. As used

herein, the term"substantially all" means 95 percent or nore.

Figure 1 illustrates one embodiment of a system for separating a polymer-solvent
mixture, the system comprising a side feeder with a vent and a twin-screw extruder

having one upstream vents and four downstream vents; and

Figure 2 illustrates another embodiment comprising two side feeders each equipped

with a kneading block and vent.
DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein are methods of separating polymer-solvent mixtures into their
polymer and solvent components. Also disclosed are systems for effecting the
separation of polymer-solvent mixtures. Finally, a method of preparing a polymer

product comprising uniformly dispersed filler is disclosed.

The singular forms “a,” “an,” and “the” include plural referents unless the context

clearly dictates otherwise.



As used herein, a polynmer "substantially free of solvent" contains |ess

t han about 1000 parts per mllion solvent. As used herein, the term

"sol vent r to a single solvent or a mxture o The

pr esent We(f%bgﬁ62§g(ﬁat es to separating a polyner froma fggiréfe%%?ﬁ%%z%? cally
pol ymer -sol vent m xtures are solutions which conprise one or nore polyners
di ssol vegd.i.n one or.mare sq)] vents. ternat. vel a.pol. r-solvent m xture
my be.  GHIRBRT st o TGN TGS o b en b Sisho BT Rl o,

exanpl e, citdinRtanBO P e Maly @BCoRuN &hd PR Yisd des&iRioal ifd0des aitaiced Where

ort ho-di chl orobenzene_ ( ). As noted, a nmethod for separating

pol yner - $e vt pcers ans iastanged vAredpgeasaotis, herein referred to as a system
for acconplishing the same is disclosed. In an exenplary enbodinent, the
pol yner - ] : der configured to
have suf%?E%@E{ﬂ%ﬁé%ﬁ?%ggﬂl{ﬂﬁgﬂ p%l:?aélgtggi) P}ggﬁ Ogéjia&g%{r ation of sol vent
fromthe polynmer-solvent mxture, for even very dilute solutions.

Pr ef er abAy usddéergin| ayprdymedisvisstantinilk fre ef sodventatoathinsrlessithanebbei HWO0f eed i nto

t he extruder. He:f.ti ng vessel s are suitable for holding the pol yner-sol vent
m xt ur e PATSEET PBIOR SOVERY oduction into the extruder. The heated

pol ymer -sol vent m xture may further be heated by neans of a heat exchanger
or exchapgaissd herimSths U6 X5olGaEr chi FPRr B $ifgldSethehD or brabdireroft he

pol ymer -sol vent m xture through one or nore heat exchangers. The feed inlet
t hr ough V¥t he pol ymer-sol vent mixture is fed to the feed zone of the
extruder may be in close proximty to a nearby vent. The extruder vent
upstrea f .td i i i S t + budrd; he

sor vent AT PRBb Bt R R o R e e
vent naypdigmepssladnt dmattums nays plobutions owhich udatpriss pbwer ioc perss polymersThe

extruder,. the feed inlet, and the stream vent ar configured . .o provide
Che vor uilsalseiBoneohaaos: Bherk; dlsERs p rbmEeah it B

2005/ 023802 JPCGhokS2004A0 2aiidveaoly @t & @iBré NRIRAtY MR- sRdiyRat immaxture. A
vent | ocated downstream of the feed port of ‘the extruderqdqsﬁ]%gpl cally run

at at nospélgplhanylsne sthar-polysuengblend eepitipingtorthgdichl orebpreny sure and is
descri bed herein as a downstream vent. The extruder may further conprise a

side f eeg‘% Mofd l,“a%?e?lgodv\f& geﬁrﬁf-ng%ofﬁ?eq—%glv\éﬁ%ixtures and an apparatus, herein

referred to as a system, for accomplishing the same is disclosed. In an exemplary

embodiment, the polymer-solvent mixture may be fed into a vented extruder
configured to have sufficient volume to permit efficient flash evaporation of solvent
from the polymer-solvent mixture, for even very dilute solutions. Preferably the
polymer-solvent mixture is heated prior to being feed into the extruder. Heating
vessels are suitable for holding the polymer-solvent mixture prior to its introduction
into the extruder. The heated polymer-solvent mixture may further be heated by
means of a heat exchanger or exchangers.‘ Pumps such as gear pumps may be used to

transfer the polymer-solvent mixture through one or more heat exchangers.

The feed inlet through which the polymer-solvent mixture is fed to the feed zone of
the extruder may be in close proximity to a nearby vent. The extruder vent upstream
of the feed inlet, which is used to effect the bulk of the solvent removal, is herein
described as an upstream vent. The upstream vent may be operated at atmospheric or
subatmospheric pressure. The extruder, the feed inlet, and the upstream vent are

configured to provide the volume needed to permit efficient flash evaporation of
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whi ch provides for added volunme and serves to trap and return pol yner
particles entrained by the escaping solvent vapors. The upstream vent

near by t{g) §0866hsbddl €t and the side feeder vent may be perAf3i@A2Ab4
at nospheri c or subatnospheric pressure. The downstream vent conpletes the

sol vent renoval process to provide a polyner product substantially free of
sol vent . redi t i t\h r i is first
heat ed u%@ge?l? ﬁg"'%’gg%e qel%gr-%o?geglgﬁ @%uée?%l@g{)éeé? p%%l{r%lg%o vtiéén?gerﬂﬁ xture,
wher ei n pée dfetpesatudee is @fpitdlly Amper headsPledd yrdsnae) dugpadeeblyt stan t he
boiling point of the solvent at  atnospheric pressure. Typically, the

t enper at tHO8URISPRE IS EssHre R deaespabsAiercin a3 3 dawWnstispRiVgP wi || be about 2C to

about 200C hi gher than the boiling point of the solvent at atnospheric

pressur ey Nk | : ; i :der Lytt o about
150C canT%éé\gét?rﬁpc}Eégfgﬂ ,f‘%mﬁgﬁe?lg@geﬁﬂgﬁeg%&{ee&ﬁ%m %ﬁgﬂ)%t}}? Qlfgofggdgggfner red. Al so

pr ef er r edhioht provideshife adided evolwnea ané spoeate tep gind getan @olynfarpadiclesqual to
about 10C, .wi.th greater than or equ t o about 50C .nore_preferred. In
et anceS b e FEbShe SRR apid Thr et R SRS s ol Ven

m xture iR ssdepRédee abietnay bdopeeape st atindsphetic beabhatrispheic frogusol Ment
conponents. Where the pol yner-solvent m xture contains significant anmounts

of both APWYrstisAR veptwasenletendieselvoeitemovaltprocsssigmspYide 8 polymesrtodgeous to

super hea . nt mxture with respect to all solvents present
(i.e., a ucl)%%%jflﬁgj%%sﬁsﬁg)%tgi nt at atnospheric pressure of the highest

boiling solvent). Superheating of the polyner-solvent m xture may be
achi evedAbyordmat tongne tinbodiinent)rthe wotienergobsstumixtuBuisefitse dieatad umdgr be
described as the t erature a .co densatl e ’%a i s_above.its boiling point

at its cHFEPBHE tHPOSUGt 2 SuPPHsatrd RODENGrSOLERE , WRBPIL e CmpIAEa act eri ze
super heapf fge sUFdthOLedShikfi8s i@Srtdi& Hah! BleChSiBn® PolRED! Hhe s6Rhtl bON i UM

§
pressure of the solvent in the vapor phase (P,") and the total pressure in
t he spacetnufsphéris raskred eFypicehiyy e tienapatetuesl eftthe supsrhesipdmobimeersolvailes pl ace
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enbodi ne ol'ven ymer-sol vent

M xture afTByndspherieCsosuies NGty teipphndend traperbtird of 1d3e temadreetuad &t ure so
t he surroundi ng pressure is |ower than the vapor rfrgssur of H?e sol vent
in the nekeuil&0°Creansbegappipyed; with less than or equal to about 100°C preferred. Also

preferred within this range is a temperature of greater than or equal to about 10°C,
with greater than or equal to about 50°C more preferred. In instances where there are
multiple solvents present, the polymer-solvent mixture is superheated with respect to
at least one of the solvent components. Where the polymer-solvent mixture contains
significant amounts of both high and low boiling solvents, it is sometimes
advantageous to superheat the polymer-solvent mixture with respect to all solvents
present (i.e., above the boiling point at atmospheric pressure of the highest boiling
solvent). Superheating of the polymer-solvent mixture may be achieved by heating

the mixture under pressure.

Superheating may be described as the temperature a condensable gas is above its
boiling point at its current pressure. The degree of superheat, (P;"-Py), to characterize
superheating, may be defined as the difference between the equilibrium pressure of the
solvent in the vapor phase (P;") and the total pressure in the space of the extruder

where the devolatilization process takes place (P)) as a positive value. In another



al so described herein as superheating as the degree of superheat (Piv-Pt)
is a positive value. A polyner-solvent mxture that is kept at a

t enper at Wi ohod[¥h.t he boiling point of the solvent at parRR$PIBII164 PrESSUrE
can be in a superheated state as long as the surrounding pressure is |ower

than the vapor pressure of the solvent at the tenperature of the m xture.

When t heeRoddimBhe ) HEML sd¥bstibh i tRe ga?ﬁ@uﬁmﬁe bR XStem onprise a

pressure controfl valve downstream o eat exchanger, 1f used, or
downst r emny b€ acémeniflishetl by apiyinghacpne ss tireeheatedt miture ab \tee purefuadilgl y has a

crackin ressure higher than atnospheri ressure. The cracKki pressure
of the g?’gé%‘ﬁﬁlé l%%?{ttg%’l ti’%(?% pﬁ€§§lll‘5g?g SO?V@F%‘BE?%‘HP@EFi &hﬁrmﬁg‘?fﬂ’gl ly and is
typi cal | MsdTﬂédafiBéd"'Eéileiﬁtasfsﬁﬁé}hé’é@iﬂgtas Jeh@@é%wom eth8AYRI'P) RGApdsRik) (0. 07

kgf/ em2) to about 350 psi (25 kgf/cnR) above atnospheric pressure. Wthin

this ranydue. 3 Ac palyrieneplpens snixiture dhat| is dept htam tempezefurel below tho boiling0 psi

(7.0 kof e ed, .with |ess n_or ual about 50 psi (3.5
kgf / cer)lé Oq%%fv@gg?ﬁg%tpﬁblg%wg?%%%rs Seul%F &t éér]ﬁle%l .S“%re%ﬁﬂrsiﬁ% A god]gvﬁst hin this
range i stha suf@okding presseesidr Bwet thiealice vapdiagreureeafidhe kolvadroatt the psi (0. 35
kgf/cnm2), with greater than or equal to about 10 psi (0.7 kgf/cnR) above
at mos phelerPesfee ef the nHstEe. pref erred. The back pressure generated by the
pressure control valve is typically controlled by increasing or decreasing

t he cros i : : 1 i : ree to
WHeR fld RIherdbBRNCHILIAR ¥ BleV&IroPE gfgé;%ﬁtte;ﬁ(/r@/gfgégé%r?setgggess%g

which the valve i's open I's expressed as p ning the cross
sect i onatongokbaalyé dowhsteeampehihn deatcexehanger, iEised, as downstiteami ofgh¢ deedhe cr oss

sectional ar of the val ve en ful ened. . The pressure control valve
prevent ?‘agaggl?ea TS B eon ‘Heva\ég? \Pé?ﬁralﬁlé’ ﬁ{)s ?§r?r‘f5’5’§e@%§t§86?/§l %Ffs%t?& li ng

poi nt .  Tatmiog@Hekid préshiere PITAS SHHCRING PAésctle of Mhefessufe cdntraCHdve My vohad)
directly to an extruder and serves as the feed inlet of the extruder. A

sui t abl eclpftenisaty o gpanuslly wad e tymeallygmaingpined St AFeRi(abpuich mopads Rl ve,

manuf act Hne. i.0 i truder may
conpri se&gﬁ%i éh 1@8@'%%&%&13?@&@%§pr1 Qﬁgll(@ c?ﬁrf5 t?1 H@ér/%trr#@@%&%f sol vent

f rom t hepmpssuyareWithol thisntngd, X cricking Pressevetof lde thanror equetito aledut @00 psit h t he

;Ic:-(lj-/e Ufsgggfé %@ lcj:!eup gee gmp&deP\Qi%h ?erss g%gleorveﬁgél Sto iaQo%S%spesi (35.5 ﬁgf/gn(%%a 023902
above atmospheric pressure preferred. Also preferred within this range is a cracking
pressure of greater than or equal to about 5 psi (0.35 kgf/cm?), with greater than or
equal to about 10 psi (0.7 kgf/cm?) above atmospheric pressure more preferred. The
back pressure generated by the pressure control valve is typically controlled by
increasing or decreasing the cross sectional area of the valve opening. Typically, the
degree to which the valve is open is expressed as percent (%) open, meaning the cross
sectional area of valve opening actually being used relative to the cross sectional area
of the valve when fully opened. The pressure control valve prevents evaporation of
the solvent as it is heated above its boiling point. Typically, the pressure control valve

is attached (plumbed) directly to an extruder and serves as the feed inlet of the
extruder. A suitable pressure control valve includes a RESEARCH® Control Valve,

manufactured by BadgerMeter, Inc.

As mentioned previously, the extruder may comprise a side feeder comprising a vent
to aid in the removal of solvent from the polymer-solvent mixture. The extruder in

combination with the side feeder is equipped with one or more vents in close
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proximty to the extruder feed inlet, such as a pressure control valve. The
side feeder is typically positioned in close proximty to the feed inlet

t hrough Wi 50s/64360200! ymer - sol vent mixture is introducggrifibsaora ‘FXt ruder,
preferably upstreamfromthe feed inlet. For exanple, Figure 2 |? ustrates

an extruder (36) conprising two side feeders (37) and (38). Feed inlet

been { ot ARy S SsBBEAT R Ml ot P coffFplac 100 pRBRsatV T T

oper at eg @plcalbpyésuadnms]@ ORkE BropieiEiy the @éediﬂ]bﬁﬂlﬁ’m@lhﬂiwlcﬂjarpeme

Al ternatively, side feeder feed inlet rraé&})e attache]gr to tﬁﬂfl de feeder
itsel f PoIVOH 1%‘}’ﬁ("‘ilrlﬁislﬁ anfgeducpd intg jthe extEwiser PretaRbly ypeteams frgiy HEHE t o t he
side fe i dehe side
Feeder 0t R SRpRis R P ARMEAR AP PuRRler o conBliAE Lo tdsPed

alter nat(i’)()andt(ma rebd imtet-(39) 1vehnwrmnxdloﬂeq3rmamlﬂyeto ithet sidectiaededs €37) aagh f eed

inlets c be attac edtot de. feed t he ext r to both
extrude%]éé glté’iaﬂﬁe?lbga’é‘fi GHRZSQMp @mt ]!h s@p%@ed&g&@pﬂﬁﬁge@d%g@ ng to the
met hod 'ogerﬁ{é@ratt 1ab5§.?cvdtﬂ9s1]ﬂ‘1eh@ Redsburk Or sEhaARBiRErE BhdsSuré. L/Aﬁ—\\)enﬁfw@ out 20 or

| ess, ferably about 12 or l-ess. The side feeder is pi cal ﬁ/‘? not heat ed

and fu n(stdecfn@det deedriniet denysetdattachedalo the eisle feedsr itaelfin a/h@a lmt@rmeﬁ f eed

zone of t tr u r
sol vent 5617 ?‘?gf o5 ]%‘%}S & atﬁ}%e sﬁgg\nsia f%éiglh%a ﬁ%lt?omﬁ%eng%ﬁépe- screw or the
t Wi N- SCrgdeHntRe of thEysidCRkler to titeedtiider S thwsidgfeedel dentf e getranothepr ef er r ed.

The screw el enents of the side, feeder_ are confj ureﬁ tg .conv oI ymer
(whi ch iatferathes thespplymer-spdvent gExtugayay %lgmfoﬁéceds fesdp} eEﬂ‘@/ apor at es)

back to &qoter@fa Gha gldé)fee(ﬁé?ethFéitHHéteror tJU&h%ﬁﬁhd’ﬂ ah@ﬁde #ledg. feeder is

equi ppe eas one vent [ocated near the end of the side feeder
nost distant fromthe point of attachnment of the side feeder to the
ext r uderTypiaally,i the tsatecfesddr rusedh a«mlorchng) teetheunethodny shsirt, havipe 2 lenghttached to

h de_.feed b th d
the po ?alarﬁée%@pgm ot Bt BR 2 ek B PR apO TRaes EHEF P o T

the si deyfieffeiot he4ENVaRd RIFRBIGS 18 peovidyuaaitidhgl @bmaﬁ@ame@ mmﬁrme to
t ranspor dep05|ted pol yner into the extruder. In one enbodi ment the side

feeder fout zameetfehe axsudss tharebyeallowing highergthequghpw ofi the sRlUFRtPER™MS t he
Copeey i RhECT dhe iy HEEPRUS B IR, SR AT e Sctewra) gper o e
t endencyr}tp@caﬁ | thakwinpselewreipe pide tidedbeis preferaed. di heacta“miemptpsgffﬂlé side t hat
provi dedff:el:3 er areeco%(f)ig{l/ree)c/lltg %or?&egllp%i]yrr?gr (;[pr{%hslls geposﬁgéj T the 1d Yeeder as the

solvent rapidly evaporates) back to the main channel of the extruder. Typically, the

side feeder is equipped with at least one vent located near the end of the side feeder

most distant from the point of attachment of the side feeder to the extruder. In

instances in which a pressure control valve is attached to the side feeder it is

preferably attached between the side feeder vent and the point of attachment of the

side feeder to the extruder.

As mentioned, the side feeder screw elements are conveying elements which serve to
transport deposited polymer into the extruder. In one embodiment the side feeder
screw elements comprise a kneading element in addition to the conveying element.
Side feeders comprising kneading screw elements are especially useful in instances in
which the evaporating solvent has a tendency to entrain polymer particles in a

direction opposite to that provided by the conveying action of the side feeder screw
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6 WO 2005/ 023902 PCT/ US2004/ 022194 el ements and out through the vent of the
side feeder. The extruder can simlarly conprise a kneading screw el enent

bet ween %09962255029‘( i ntroduction of the polyner- sol vgegm@%gmﬁg@nd t he

upstream vent. in the side feeder, the kneading extruder screw el enents
act as nmechanical filters to intercept polyner particles being entrained

et hoa anhay pUERRLYTRAT Ao BIERS AT GaRE: P, ERGU R, MRl D, L7

el ement ssongkise a kBedddipdscady elemeft Butwédntie pdint of Prodididn B tHd wol@ndér- vol ume for
flash evaporation of the solvent as well as the downstream devo|atilization

of  remeEPHCRGMEEIG R theypsHsrEy Yenbx i da disssiih Eedere the ngading extayer

count er -Q4AL1E At g&tars YeRhani€al tﬁ‘fﬁeﬁ‘tﬁ%t@fﬂe ‘o@;%&édaﬂ&léasﬂeﬁté%%{rain@d

si ngl e-screw extruder, "or a single-screw reclprocating extruder. A

pr ef er r dxy thaxsaluahe vaps nidvénglowant tht ivags. | nt erneshing (i.e. self w ping)

tw n-screw extruder. In one enbodi nent, the extruder preferably has a set
barrel tegnperature gr.eater than 90C, preferahl reater than or equal to
about | 2008 g el ifhr matod e Seiekt Bag corpRs pOL e dbsRes I one
embodi maphe oftARWEIhEs 206 Q8 16 ok HEis cOnt guksliad pAsvedORETidbRdoRimeRe Or nore
tenperatures of 190C to about 400C. The =~ expréssion wherein the extruder is

oper at edlash evapemgpier ofuthe svendos well atsothe doumtrepws deelatiizetien 9€at ed zones

of the etubn0€l H@ﬁ&rg&g t h r r g i se both
heat ed %‘fﬁ'&@ﬁ%%fgﬁmmnes. hi'n %grlssﬂ%#oégd?nﬁ{i ,S&?ﬁec@rr%erggﬁﬁg e of the
heat ed zfederBywinescve ad-edtatinprextiadere q yhlgld RravboxtiudO®@Ca sprgdd-sorabl y great er

than or equal to about 250C,_ and even nore preferably greater than or equal
to aboutfeCIBIRgEng %t@@%rémrefa%ef Freirydeb i til%lf%‘r‘?}f‘mt&aéntﬁ%f?%?h"é‘g-(’s%Isgﬁ nt mixture

is incr e‘%g.%ggwingsgferv@égﬁ@g}_ng increase in the screw speed nmust be made in

order to nmodat e- t additional material being fed to the extruder.
Moreover, the screw speed determ nes the residence tine of whatever
mat er i alIni@elppibodinient, the extredesprefordbly, hasarsst hapdd Itgmperatugogigatar thanxt ur e.

Thus, t screw.speed _and feed rat re tvp |y i nte n It is
usef ul P@ Ocﬁaplé?é?rg@?'z%e?{%?ﬁ {ha? efd qiuglngéh?tbo%?p&zéénylp e(gi& %@?‘g&%g {shgr ew speed
as a ratdxruder! ¥Grhpidek Yhdaltd goties. UdRY 0hé chidetintient theClheatddakodebeofr thti o of
starting material introduced N

extruder are operated at one or more temperatures of 190°C to about 400°C. The

expression wherein the extruder is operated at a temperature of 190°C to about 400°C

refers to the heated zones of the extruder, it being understood that the extruder may

comprise both heated and unheated zones. Within this embodiment, the temperature

of the heated zones may be greater than or equal to about 200°C, preferably greater

than or equal to about 250°C, and even more preferably greater than or equal to about

300°C.

In general, as the feed rate of the polymer-solvent mixture is increased a
corresponding increase in the screw speed must be made in order to accommodate the
additional material being fed to the extruder. Moreover, the screw speed determines
the residence time of whatever material is being fed to the extruder, here a polymer-
solvent mixture. Thus, the screw speed and feed rate are typically interdependent. It
is useful to characterize this relationship between feed rate and screw speed as a ratio.
Typically the extruder is operated such that the ratio of starting material introduced

into the extruder in kilograms per hour (kg/hr) to the screw speed expressed in



into the extruder in kilograns per hour (kg/hr) to the screw speed
expressed in 7 WO 2005/ 023902 PCT/ US2004/ 022194 revol uti ons per m nute

(rpm  faylos, 0.0045 to about 45, preferably about pRvrRk2d0902880uUt 0. 45.
For exanpl e,OG%?ﬁjg%rzati o of feed rate to screw speed wherg {Q%e pofyrrer-

solvent mxture is being introduced into the extruder at 400 kil ogranms per

sol ver re is being | uder i
o i mum e et e YR EE BR0RE i bt BF e B T L S0

ot her f amogt 8.45! Mor eix@@pkf tHehatie Xl fewdiefate tof ftgevg speed abhereikies pymer-t he | ar ger
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rate in ki 0 .. gXt . i yons per
it e, S R A e P PO e
enbodi mesxtrudfrescreex speadiedre dpemanedby,iamonp attee fastarg ¢t dize &f thaeitoidef, a f eed
rate in kilograns per hour to an extruder.screw speed in _revolutions per
m nut e, tpﬁée]l‘eégli ral%@l%gﬁég%ﬁegggaéeldﬁ@g}lgﬁg{nﬁe gﬁ%ﬂ?“’@.aﬂg PRy st em may,
opt i onal fo¥q CANPT InSthe 2ntRAARRS Dt AL LHR-Richab LRGAcHRRAI DY ARHb of aemoved by
t he upstream vent, downstream vent, and/or side feeder vent. The vents nmay

be connefeedhte in kilogrimeper hoantsvan extrinler serew spsedriamefobitipng GEHAIRIH g sol vent

L 1. d i g v . A
ol vent ‘TRaRte bR Reafet SRMERATAS Y Ben Lt MG NTRhe BARGMREuECTRET - A
sol vent &@e@¥esperation it Biaract@ided b?; bran6f £1oa0 etiterritiloghmmspep dotieataad

pol ymer - sol vent m xture passes through the pressure contrql valye into the
feed zonextorler prew speesdiar revolptions RRyaningto; Hee 134 Lemgbebyeen; ﬁ@uéﬁé’ enent i oned
vent s (ug&gb%mggtruder vent and/or side feeder vent) nay be at

at nospheric pressure. The solvent present in the superheated

pol ynmer -sol vent m xture undergoes sudden and rapid evaporation thereby

ef f ect i nfhatydtensmaypaoitiondlly seppriset & cyondénsirigesystsiy taecobesd tholsolvaet  t he

sol vent vapors.energi ng through the upstreamvents, . Addjti , the

ext ruder” Véa @Vgﬁeegp%%?tﬂ VQPH%BE'E?U%% ?RS\AH’?(W&% f%?/déa F\Sf gl!gpeﬁ{élﬁeeéysat

subat ”DSHB? JeCehORSHES a 0NN renRIVEE Snd PedoREm ifarfiRid ebinprisihg sobentv ed

t hrough the upstream vent and/or side feeder vent, One downstream vent nay

be used, viner remevaddiabs, 2 condensaisand sbiquid\aebiepbrsrsvBBEssEh e AR S VeBiener al | y,

from collection system known in the art may be used to effect the solvent recovery via the

vents.

In one embodiment the superheated polymer-solvent mixture passes through the
pressure control valve into the feed zone of the extruder, which due to the presence of
the aforementioned vents (upstream extruder vent and/or side feeder vent) may be at
atmospheric pressure. The solvent present in the superheated polymer-solvent
mixture undergoes sudden and rapid evaporation thereby effecting at least partial
separation of the polymer and solvent, the solvent vapors emerging through the
upstream vents. Additionally, the extruder is equipped with at least one downstream
vent operated at subatmospheric pressure, which serves to remove solvent not
removed through the upstream vent and/or side feeder vent. One downstream vent
may be used, but preferably at least two downstream vents are used. Generally, from
about 50 to about 99 percent, preferably from about 90 to about 97 percent of the
solvent present in the initial polymer-solvent mixture is removed through the

upstream vent and/or side feeder vent and a substantial portion of any solvent
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about 50 to about 99 percent, preferably from about 90 to about 97 percent
of the solvent present in the initial polynmer-solvent mxture is renoved

t hr ough eam vent and/or side feeder vent and bl
portion Wi iggéj&é%){{zvent 8 WD 2005/ 023902 PCT/ US2004/ 022@2%*)?@%@%%9 i s

removed t hrough the downstream vent operated at subatnospheric pressure.

The vent operated_at ahout a spher.| e r [ upstream
vent or lgﬂn%&n@elsf Eeé’EPeVregvtg]mu, E’F@“’o@)"e"r"&asﬁgﬁ{‘a?&? hogyef)a\rf\%ﬁéﬂ?{elbdgﬁl °§r"r§"8‘q“n
surroungirggsre(i n the absence of an applied vacuum), typically about 750
mllimeters of mercury (nmof Hg) or greater. The vent operated at

subat nospheri c pressure, whether |t is anwgé)@'%ream vent, side, feeder vent,
I

or downskheesi Qiesseted Fagoave atRqSRRS CIESSHES, ¥ Hdh 2B PPEEER Vb hhout 750
mili mts?desfgé’ci)er aﬁt?ﬁr%oegﬁ@a of tlégg%/%s%ﬁlé ﬁf tﬁﬁ?&%‘rﬁuﬁ&ﬁéﬁ (ti@ﬁueta%sé}fé@%f arf50 mm Hg

as neasure y vacuum gaug is range, the vent may be operated
at gr eatapplied veenum), tggcsdly dbouslsdunillieersmof nprafe (b of Hg)eagesatet.han or equal
to about' 25 0 min and even nore preferably greater than or equal to about
350 mMm mer cur f. vacuum Also within.this..r. sy be

oper at ed }%?tvqnggggrf‘%gr?togpgéﬂl?ﬁ?heﬂs N roloing @’&B{ﬁeﬁ%]?%rgé’}ptggg n?(&%téglsqg t han or
equal t OfeaRRpYEntD0adWhstredie vERY, fapbehefiabinyd htdes thirpor ayual tegbadt 750 about 400
nm of mercury of vacuum |In one enbodi nent, the upstreamvent_and side

f eeder vmilimsigrs oUngravey (e PEER), W@Fa}blibﬁb‘meﬁe% ARRYE /SR pEE er at ed at
subat rmsplg %g%eeﬁ ; rae\§a%ldﬁ]%;ﬁah§er. ;Qg@fﬁﬁ@%h%gﬁe vdi $ha ee(gﬁfki&i Alordal® upstream

vent and eder "ve ecte noni tored during processing to
prevent @xcessjuabtd abani DY) min, tpheferablytgreatertthat omegyal tosbbet 350 enadgdi ng of

the vents, side feeder and/or the condensin st em downst r.eam t he
ext r uder ¢Vep AR PTLRIBY SERET AR OESQVEré‘? a Q}]tgéﬁg‘ﬂ% t’ﬁ‘?rgurys()fivﬁ?uru%guced into
an evapoRRbimid thi?';%{‘gel thatyb RS nARPRS Gicvsted O lefs 08 UREqe it UBEUt 400

concentrate the po -solvent mxture prior to its introduction to the
ext r uder mni Ipecferablydessttban odeqiel 1o abobbs0ymparead more preferdblyder teal tuder i s

pr ef er abl stream.fromthe extruder and in direct comrunication wth the
extrudere‘ﬁﬁagt%a?tbﬁ}“e@gd?@ %etr?wo\‘%ﬁc\l}gmattached directly to the extruder. In

one enbodi nent the superheated pol yrner-solvent mxture is introduced
t hrough 1 one embodiment, the upstream vent and side feeder vent surrounding the feed inlet

of the extruder may be operated at subatmospheric pressure. In this embodiment, the
pressure at the upstream vent and side feeder vent are selected and monitored during
processing to prevent excessive foaming of the mixture that may result in clogging of

the vents, side feeder and/or the condensing system downstream of the extruder.

In one embodiment the polymer-solvent mixture is introduced into an evaporator, a
distillation apparatus, or a second extruder to concentrate the polymer-solvent mixture
prior to its introduction to the extruder. The evaporator, distillation apparatus, or
second extruder is preferably upstream from the extruder and in direct communication

with the extruder via a pressure control valve attached directly to the extruder.

In one embodiment the superheated polymer-solvent mixture is introduced through
multiple pressure control valves located on the extruder and the side feeder. A system
comprising two side feeders and two pressure control valves, the first of the pressure
control valves communicating directly with the feed zone of the extruder (i.e. attached

directly to the extruder), and the second of the pressure control valves being attached
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nmul tiple pressure control valves located on the extruder and the side
feeder. A system conprising two side feeders and two pressure control

val ves, {hfrobd/f38020f the pressure control valves co ect |
with the feed zone of the extruder (i.e. attached dmg?ﬁgg({ogﬂn%l Y

S\grzggg%zsggd the second/ of the pr essure control valves being attached 9
4/ Q o) second of
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50 wei ghéncﬁ%&ﬁﬂ&r basRth @B anfolift dfPoRimedfis le&d tyiaresr cﬁﬁkdl w@bmarﬁ@ Wﬂ)ghi
preferred so within this range, the weight percent o may be

gr eat er péregnt dyaseéqmaﬂhett@tah%mlmer end Wlbqnéamhlﬂ [ikis TeReed ‘Euéﬂno ‘Et(f’ about 20

preferred and ased on

the tot anléﬁn %{/ﬁ% %%H}?nsol gﬁal?Q@uéngvze?%{#%gé@nt‘é‘)@?t%ﬁ%sﬁfg’%f@&ﬁ{lﬁm xtures

SOWDFI Si fbgabltc))etsﬁo mbﬁl(})raﬂéﬁ‘dd 230 1¢3e tipandr ehyal weblgiut 56 eleighh peraerd based oni mes t 0o
i scous to be

t hrough a heat h f th
met hods ﬂ?@rto'@hﬂfepﬂé@ﬁ Ard P‘ﬁéerﬁé‘i‘?ef?réﬁreeé‘%?‘ge%fsoﬁi"@? § rgrilge? @ﬁg\&e%? ances it
i's possj, Q‘h&tto?ﬁgw?ﬁe pgfbfﬁ té?%a)ﬁr@rreqﬁéﬂt%ﬂéut@ mﬂrg@eat@éf thih@requBlans, for

exarrpl e, eati r-solvent mxture in a extruder, or. a helicone
m xer, oto aﬁwt IZO loe=ferréth eng groptee thasoinegral teiabpuir4) Weighbpersenidastdtted by

means of xtrud su eat ed pol yner-sol vent m xture
emer gi ng hfer ? W?ré‘flgé%"?’gdg?rer?g{f & transferred through a pressure
control valve into a second devolat|I|Z|ng extruder conprising a vent

oper at ed pafynfepRal SR AéCcoMRRElg 16ss that abmna.’lso pereent bytweight seiverd ast  about

at nospheri ¢ pressure, and a side feeder av
at times too viscous to be pumped through a eat excﬁang T, oneeoq’tthg ep're aPer ated at

methods for superheating the polymer-solvent mixtures. In such instances it is
possible to superheat the polymer-solvent mixture by other means, for example,
heating the polymer-solvent mixture in a extruder, or a helicone mixer, or the like.
The polymer-solvent mixture may be superheated by means of a first extruder. The
superheated polymer-solvent mixture emerging from the first extruder may be
transferred through a pressure control valve into a second devolatilizing extruder
comprising a vent operated at subatmospheric pressure, optionally a vent operated at
about atmospheric pressure, and a side feeder comprising a vent being operated at
atmospheric pressure. In one embodiment, the die face of the first extruder may serve
as the pressure control valve, which regulates the flow of superheated polymer-solvent
mixture into the second devolatilizing extruder. In this embodiment, the superheated
polymer-solvent mixture is introduced directly from the die face of the first extruder
into the feed zone of the second devolatilizing extruder. The first extruder may be any
single-screw extruder or twin-screw extruder capable of superheating the polymer-

solvent mixture.
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at nospheric pressure. In one enbodinent, the die face of the first extruder
may serve as the pressure control valve, which regulates the fl ow of

super healyrfhdg9hyogr - sol vent  mixture into the second devehRbdso3i98

extruder. In this enbodi nent, the superheated polyner-solvent mxture is
introduced directly fromthe die face of the first extruder into the feed

zone of e lLati| L zd oot i . y be any
si ngl e- sﬁlgl}r%er&gl%g }:gﬁggre l%f%f\./%e%l-zdsocl:q? é@é%§#€€%ears %gggﬁ%k%ﬁb élé%gﬁﬁegf@i ng the
pol yi nerpellstidedesrid diied before FRHAD u20.05m0L306€ 2ndRnteIBROPelyHER dfutiudiie pol yner
product energes fromthe extruijder as an_extrudate, which may be pelletized
and dri e@twEistnding thenagtion . the nglaeasn, drwynsHean, aEoLEAs fesden VeRfdict

not Wi tNshaell Athy!dafadf bl Aot driRidAPLAIPAT WIS ERAM oGl de T eeder
vent s resent, “may contain-an anount of residual solvent Ichis in
excess afilowahiexamount whichwabdess dlno polymehi wlsuitabiel dors imedigol yasein ansui t abl e

f [ di at N ticul licati.on, f I |.di
app! | catiBHFHGPISHIgh el AmsUE apPISeER trsingdPidhs BRELS ¢ han

about 108si@a1 tsd]veRT beTldsé AR ABBHErH0OPhrisNRr WRIIHM ba8éd biiéhe WELN®S ther oduct . I n
such instances it is possible to further reduce the |evel of residual

sol vent Hejymertjreduct.nlp sukk instangesdt ispossibletto fusthenreduen te daval ofarsidudi on st ep.

Thus, the, exiruder .int i | yner ] € S, fhbLSt

"t roductly gy BSkab Be b b B WA R BBl BHED e HERL i ng
equi ppedxtiutiéy igfewhich Y solyiaetiveashirgaieds Gifst aitradaphinaby anipeditor t he
renoval of residual solvent. The second .extruder may_ be cl oseléﬁcoupl ed to

the initd afecend raxérafer; hibe e BSLoRd ofHTUSST aPRINS i?ﬂ“&pﬁ‘édw_gpe PEoffat T and
re-melti ﬁrﬁga@%oﬁgl?eric.—r&eahﬁésfplhgxfic erRERR ML RXIVHOSH rediBudl RbiFent TAMBEcond

especi al I cial ng operation at high throughput rates where the
r esi dencexttuidere nody tbheclpsdly neupled tohéhd maitinlalextewder udhereby savioiding fanyi ent to

hi th ired.l | .of i dyal I t.. T trud
be oy VEIFRBUAE,EPaHeT ek LE YER od bt WR- ot IO RS PRl ng

ext r uder yadheY 80 clall PeASHEW dusify pbRtibAGt Qigh eRihpd eRtvirrsirgl e- screw
extruder, or a vented single-screw reciprocating extruder. The term vented

ext r uderresidenre time exft the pefymss 58 ghe iimigalaextrydsndt mspEicieahto aeHeve, Bt bei ng
operat eddeas'ltreg1 tl%Sf%ler 'oP r&i§iaf o ivet! THRAIRRP B fer may be any vented
extruder such as a vented twin-screw counter-rotating extruder, a vented twin-screw
co-rotating extruder, a vented single-screw extruder, or a vented single-screw
reciprocating extruder. The term vented extruder means an extruder possessing at
least one vent, the vent being operated at atmospheric pressure or subatmospheric
pressure. Where the extruder comprises a plurality of vents, some vents may be
operated at atmospheric pressure while others are operated at subatmospheric

pressure.

In another preferred embodiment the polymer-solvent mixture is filtered prior to its
introduction into the extruder. The polymer-solvent mixture may be filtered prior to
and/or after heating or superheating to a temperature greater than the boiling point of
the solvent. Filtration of the polymer-solvent mixture may be described as solution

filtration.

Suitable solution filtration systems include a sintered-metal filter, a cloth filter, a fiber

filter, a paper filter, 2 metal mesh filter, a pulp filter, a ceramic filter, or the like. The
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pressure. \Wiere the extruder conprises a plurality of vents, sone vents may
be operated at atnospheric pressure while others are operat ed at

subat ”DSWEfi sshpessure. In another preferred enbodi ngpb. b

pol ymer -s ven mxture is filtered prior toits intro UCtIOI‘}l/OIZZI%%‘tOth
extruder. The polynmer-solvent m xture may be filtered prior to and/or

after heating of .superheat] rrper ture ater t ha oilin

poi nt_ Ogeorprﬁgf gf)F}\?_ e T3y IP? gf“i’ebr? ‘ﬁ I%’r OIW/%% % rzl3<Ec’gr%eebmay bg
descri bggeas solution filtration. SUI tabl e solution filtration systens
include a sintered-netal filter, a cloth filter, a fiber filter, a paper
filter, a metal nmesh filter, a puI filter, a ceramc filter, .or the liKke.
The 11 mmg(fﬂmmgs@m@mmw%ﬁm@éa%ﬁ of &y S5rapging &0%my be
cone, a f %%p@ I H08 ore size
of the gga%ttl%ln%l r&n%te ongééjugtlggﬁﬁl ¥ g%i}ﬂ%t& aniln {sﬁlléz(gmrgﬁl I?\g from
about Opdfe $ik€ DS ﬂfa? (Tr(bqaﬁoﬂatabﬂ:GOS(mmcmmetem ean loy emplegedrwithleshi n t hi s
range, a pore sjze o ess than or abgut 50 m.cronete can be
enpl oyedhaW\PTt ¢f1upli9saboph A% 1 FrogRgtRss Pfegqﬁagloﬁ?é)%s ﬁ?agr%neé‘%]r@ Ahouk 5rsr ed, and
l'ess 1 hap QimdtGy HMord FrefRRH! Alisb p ﬂé?éffe@%ﬂﬁﬁ ﬁni‘ﬁh@e Rrepae 526 of Hlester pr ef erred
within thi's range 1s a pore S|ze of greater than or equal to about 0.1

m cr omettkan, onidghalgteeabeaurt 0. ﬂuammometquaWIthograﬁémtha@ Ofneﬁld%irﬁé’t abait oy e

preferred, and greater or .e 0_abou ciall
preferr é@crwefgdpx}rﬁeﬂet%i efpd nﬁ%%ﬁtr ihaﬁ‘ayr Séuagrtglv&g f I%Elgrr e ,é?gr essu)r/e
filteredgpiciitly #ﬂatfelfréd‘tel’ed, batch filtered, conti nuousl y filtered or

conbi nat i ons 0 he foregoing filtration nmethods. The filter system can- be

in-line with the extruder or off-I|ine. ngle filter., can be used or two
or nor e Fhel pelymer-poluenti mixtye Pay g SFaVlthfg t?rg‘imﬁrle?%}‘re aﬁl?f%glvé‘c‘ﬂni‘t ration

step mmlpe?ef‘d“' %gtgh %ﬁtex%ﬂoco?lkn f'yﬁl'tér dd B dopdbirsh@l 3§0ﬁﬁ¥ fRegdiaEHItRBBRI Ni ng

differe erre ution filtration systemis in
di rect coefudy. CBie filter wistdm rchmbext-hmadmth meaextradcprowﬁ%h@ cdaingls filiea) ve

attached direct|ly to th
can be used gr two or rr?org )f'tltrerusdlg rserle% orr] ngrh {IXI. F34k<1%1t10n y, a s(i)llléié Efthtion

step may be used or two or more filtration steps may be used combining different

filter media.

A preferred solution filtration system is in direct communication with the extruder via
a pressure control valve attached directly to the extruder. A highly preferred solution
filtration system is an in-line sintered metal filter having a pore size of about 50
micrometers or less, preferably about 30 micrometers or less, and more preferably
about 15 micrometers or less. Particularly useful filters are sintered metal filters

exhibiting high tortuosity including the filters commercially available from PALL

Corporation.

In yet another embodiment, the extruder includes a melt filtration system at the die
end of the extruder. The melt filtration system may be used to filter out any
particulates produced during the extrusion process. Suitable systems include filters

such as sintered metal filters, metal mesh filters, and the like.

The pore size of the melt filtration filters is chosen to remove the particulates

produced during the extrusion process while at the same time allowing maximum
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filtration systemis an in-line sintered nmetal filter having a pore size of
about 50 mggrorreters or less, preferably about 30 m croneters or |ess, and
nore prefey Y3o@bout 15 microneters or less. Particu filters
are sintere rretal filters exhibiting high tortuosMyi)lé?l/lngg?%ﬁ%‘e
flmljtg_rs comercially avallable from PALL Corporatlon In yet anot her
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allows for'the efficient and uniformdistribution o
It has been found that the pre-dispersal or pre-dissolution of two or more polymers

within the polymer-solvent mixture allows for the efficient and uniform distribution of

the polymers in the resulting isolated polymer product matrix.

As used herein, the term polymer includes both high molecular weight polymers, for
example bisphenol A polycarbonate having a number average molecular weight M, of
10,000 atomic mass units (amu) or more, and relatively low molecular weight
oligomeric materials, for example bisphenol A polycarbonate having a number
average molecular weight of about 800 amu. Typically, the polymer-solvent mixture
is a product mixture obtained after a polymerization reaction, or polymer
derivatization reaction, conducted in a solvent. For example, the polymer-solvent
mixture may be the product of the condensation polymerization of bisphenol A
dianhydride (BPADA) with m-phenylenediamine in the presence of phthalic
anhydride chainstopper in ODCB, or the polymerization of a bisphenol, such as
bisphenol A, with phosgene conducted in a solvent such as methylene chloride. In the
first instance, a water soluble catalyst is typically employed in the condensation

reaction of BPADA with m-phenylenediamine and phthalic anhydride, and this
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the polyners in the resulting isolated polymer product matrix. As used
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Polymer derivatization reactions carried out in solution are frequently employed by
chemists wishing to alter the properties of a paﬁicular polymeric material. For
example, polycarbonate prepared by the melt polymerization of a bisphenol such as
bisphenol A with a diaryl carbonate such as diphenyl carbonate may have a significant
number of chain terminating hydroxyl groups. It is frequently desirable to convert
such hydroxyl groups into other functional groups such as esters by reacting the
polycarbonate in solution with an electrophilic reagent such as én acid chloride, for
example benzoyl chloride. Here, the polymer is dissolved in a solvent, the reaction
with benzoyl chloride and an acid acceptor such as sodium hydroxide is performed
and the reaction mixture is then washed to remove water soluble reagents and
byproducts to provide a polymer-solvent mixture necessitating solvent removal in
order to isolate the derivatized polymer. Such polymer-solvent mixtures may be

separated into polymeric and solvent components using the method described herein.

In one embodiment, the polymer-solvent mixture comprises a poly(arylene ether)

having structure I
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Both homopolymer and copolymer poly(arylene ether) are included. The preferred
homopolymers are those containing 2,6-dimethylphenylene ether units.  Suitable
copolymers include random copolymers containing, for example, such units in
combination with 2,3,6-trimethyl-1,4-phenylene ether units or copolymers derived
from copolymerization of 2,6-dimethylphenol with 2,3,6-trimethylphenol.  Also
included are poly(arylene ether) containing moieties prepared by grafting vinyl
monomers or polymers such as polystyrenes, as well as coupled poly(arylene ether) in
which coupling agents such as low molecular weight polycarbonates, quinones,
heterocycles and formals undergo reaction in known manner with the hydroxy groups
of two poly(arylene ether) chains to produce a higher molecular weight polymer.
Poly(arylene ether)s further include combinations comprising at least one of the

above.

The poly(arylene ether) generally has a number average molecular weight of about
3,000-40,000 amu and a weight average molecular weight of about 20,000-80,000
amu, as determined by gel permeation chromatography using polystyrene standards.

The poly(arylene ether) may have an intrinsic viscosity of about 0.10 to about 0.60
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Suitable poly(arylene ether)s include, but are not limited to poly(2,6-dimethyl-1,4-
phenylene ether); poly(2,3,6-trimethyl-1,4-phenylene) ether; poly(2,6-diethyl-1,4-
phenylene) ether; poly(2-methyl-6-propyl-1,4-phenylene) ether; poly(2,6-dipropyl-1,4-
phenylene) ether; poly(2-ethyl-6-propyl-1,4-phenylene)ether; poly(2,6-dilauryl-1,4-
phenylene) ether; poly(2,6-diphenyl-1,4-phenylene) ether; poly(2,6-dimethoxy-1,4
phenylene) ether; poly(2,6-diethoxy-1,4-phenylene) ether; poly(2-methoxy-6-ethoxy-
1,4-phenylene) ether; poly(2-ethyl-6-stearyloxy-1,4-phenylene) ether; poly(2,6-
dichloro-1,4-phenylene) ether; poly(2-methyl-6-phenyl-1,4-phenylene) ether; poly(2-
ethoxy-1,4-phenylene) ether; poly(2-chloro-1,4-phenylene) ether; poly(2,6-dibromo-
1,4-phenylene) ether; poly(3-bromo-2,6-dimethyl-1,4-phenylene) ether; or a mixture
of the foregoing poly(arylene ether)s.

In another embodiment, the polymer-solvent mixture comprises a poly(arylene ether)
and a poly(alkenyl aromatic) resin. The term poly(alkenyl aromatic) resin as used

herein includes polymers prepared by methods known in the art including bulk,
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contenpl ated pol y(aryl ene ether) resin may include any of those
poly(arylene ether) resins presently known, irrespective of variations in
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grafts ofyider modifier and a homopolymer of an alkenyl aromatic monomer (as described

above), wherein the rubber modifier may be a polymerization product of at least one
C.-C;o nonaromatic diene monomer, such as butadiene or isoprene, and wherein the
rubber-modified poly(alkenyl aromatic) resin comprises about 98 to about 70 weight
percent of the homopolymer of an alkenyl aromatic monomer and about 2 to about 30
weight percent of the rubber modifier, preferably about 88 to about 94 weight percent
of the homopolymer of an alkenyl aromatic monomer and about 6 to about 12 weight
percent of the rubber modifier. A preferred poly(alkenyl aromatic) is a homopolymer
of the alkenyl aromatic monomer (II) wherein R' is hydrogen, lower alkyl or halogen;
7! is vinyl, halogen or lower alkyl; and p is from 0 to 5. A particularly preferred
homopolymer of an alkenyl aromatic monomer is the homopolymer derived from
styrene (i.e., homopolystyrene). The homopolystyrene preferably comprises at least

99% of its weight, more preferably 100% of its weight, from styrene.

The stereoregularity of the poly(alkenyl aromatic) resin may be atactic or syndiotactic.

Highly preferred poly(alkenyl aromatic) resins include atactic and syndiotactic
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greater an or equal out 20 wei percent, greater than or equal to
about less than or equal to about 80 weight percent, less than or qual to about 70 weight d

percent preferred, and less than or equal to about 60 weight percent more preferred.
Also preferred within this range is a poly(alkenyl aromatic) greater than or equal to
about 20 weight percent, greater than or equal to about 30 weight percent preferred,

and greater than or equal to about 40 weight percent more preferred.

The poly(arylene ether) of the polymer-solvent mixture may be from any available
source or form such as pellet, powder, and the like; or in solution as a direct product
feed stream from a reactor or reaction vessel. A solution of poly(alkenyl aromatic)
resin and the poly(phenylene ether) may be formed. Alternatively, the poly(alkenyl
aromatic) resin may be added to the. extruder via a side feeder at a point along the

extruder in an additional compounding step.

The application of the method to a polymer-solvent mixture effects the separation of
the solvent component from the polymeric component. The polymeric component
emerging from the extruder is said to be devolatilized and is frequently referred to as

the polymer product. In one embodiment, the polymer product is found to be
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1000 parmsoree¢mbadimestn tHeppethod geovdda a polywentprdimsedhivh ishsabsteitghy of the
sanple tested. |In sone instances the_ anount of resi d]galc’lesolv nt in the

con

pol yner fres slielvenisarhived prly(asdense gthenoepniraiye n atF8#%of sol vent
|0 the PakidEhentPHRANEGAYrbAUA! & polirhet bibG, it iP sitveABally &b asrd Tate and

t he extruder screw spee ratios (that is |lower rates, or

hi gher swient.sBramsles of pdlpmk plodacti biepds ovilidware substanieHy fige iodaslvert sol vent
in the fjnal oduct . The concentration of the solvent d he | ymer

pr oduct ‘I’i‘ﬁn@‘dﬁg’ﬁ flf?’i“é‘ﬂm?:%/aﬁgﬁaﬁfs{\’\'%ﬂlf?eﬁ@&fpé’ ?%tsgle%ﬁ%/%o%l Et}ﬁeegred%? r uder
screw speefing Bf 9&?oa@ﬁ@ﬁ€ﬁs,n§dl§rethéﬁ}ﬁid€§tﬂm@ul_}%ﬂé\!,i sag(atkepgl atomatiQ)s,oduct
which is substantially free ot solvent and is a poly(aryl ene ether) having
st ruct urand polyferdenelether)pat & pattiselarienreterred dlens H%PBWSVP‘H%@H%HQOI ymer

bl end, V\'z*;riof:ngtiic)sana"f)%ﬁ;(a%gltbhé‘!atjhgr)f ree of

The polymer-solvent mixtures separated by thé method may comprise one or more
solvents. These solvents include halogenated aromatic solvents, halogenated aliphatic
solvents, non-halogenated aromatic solvents, non-halogenated aliphatic solvents, and
mixtures thereof.  Halogenated aromatic solvents are illustrated - by ortho-
dichlorobenzene (ODCB), chlorobenzene and the like. Non-halogenated aromatic
solvents are illustrated by toluene, xylene, anisole, and the like. Halogenated aliphatic
solvents are illustrated by methylene chloride; chloroform; 1,2-dichloroethane; and the
like. Non-halogenated aliphatic solvents are illustrated by ethanol, acetone, ethyl

acetate, and the like.

In one embodiment, the method may further comprise a compounding step. An
additive, a filler, or an additional polymer may be added to the polymer-solvent
mixture via the extruder which further comprises a non-venting side feeder. A non-

venting side feeder differs from the side feeder mentioned previously in that the non-
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sol vent. Exanples of pol yner product blends which are substantially free of
sol vent include blends containing at |east two different polyners sel ected

fromt hew%rztabls%nﬁgnsi sting of polycarbonates, polyet heg,'bq}'Ug 4/022194
pol ysul f ones, poly(al kenyl aromatic)s, and poly(arylene ether)s. A

particularly preferred blend conprises poly(al kenyl aromatic) and
poly(aryl ene ether). The polyner-solvent mxtures separated b e net hod
may co_r‘rﬁ'tei]té‘?sg %aee?egeiern%eg ng’%%té%_ _veaf;ﬁ%@gerg HP?/%TR?@H} ﬁ’g Ieﬁgggeﬁ'a?'g%}gnat ed
aromat i GnSghySihent RalRGRsed @ Mkl Rbatih GvhislolawesddagiveNaiicthad agfms ed
aromati c sol vents, non-hal ogenated aliphatic solvents, and _m xtures

t her eof .retadanigen an exlditiapabpelymes| isepreferably introdysed 4t agpaipt alopsdbe
di chl or ab hi ike. - d
o ot | CROUGE Wb I re i S RS e ler € el onthcitftBERR BT

| i ke. Habpgrenahevhl dfisplvaht. CThesalditbrt ® iatredided dsinixaedesy thy actinhoflthae
chloride; chloroform_ _1,2-dic¢hl oroet hage; ag,d (tihe like., Non- h(?| ggenat ed

al i phat iextrggarssreves aith the prstially et TWly devplaitized pobmpsgeandgthg Arodust ot at e, and
the Tik ' ic! A€ Mddd!bbRfleric GRREASE Wheempoundi ng
st ep. A%n%%éfﬁ%ggpg&?w ecrh,e or gﬁtagcg)g?@onal bp%ﬁ%ﬁer may be added to the
pol yner -gepaviep tcompburided eolynserichpatentals indihis matnsh itfis et fiaes aYAAREIES a

non-venting si.de feeder. A non- ventin i de feeder differs f t he side
feeder rHRrPOedop AT BiA SFERHEr WS Al o fead G it isBistn st e

PCT/ US20044,822th9%roviR Wi A8us nflRink QRAGY stetaas oN@le oific blogf thobaesdtatsol vent
vapors fromthe extruder. Such an enbodinent is illustrated by the case in

whi ch arwhiddithe adslitiveuisintaeduged.| The extredes mepyrponyisa d EaUAQWRSHEMD 98] yrer, s
preferab introduced at.a . .pain t : t r eam of
nost or tb¥ PW/’@?@E‘%% etl%gﬁleé tf‘;?éer%(%vﬁgj og%ﬁ?sh%ﬂégﬁé%ﬁdgg %Lg;r%?{é{aﬁ Ih?'\%%a e renoval
of sol vegtbducEd®yanelside feedspaddiisroeuthe ddditiverifiliee, doyd/drdditiondl polyodert he
extruder screws with the partially or fully devolatilized polynmer and the
pr oduct toéhﬁb@ij’é@elf-romthe extruder die face as a conpounded pol yneric
material. When preparing conpounded polyneric materials in this manner it

i's at tiRP§ AGYRALBE60 Y8 adBtidaPyolf8el Rirodstdd tih eRadonpoundifgsteparayel s and to
adapt the screw elenents of the "~ extruder to provide vigorous m xi ng down
st r eam ofnclude gppblyetbationdg, teheolyarrbetatgyta polycarbonate ester, a poly(arylene

ether), a polyamide, a polyarylate, a polyester, a polysulfone, a polyetherketone, a

polyimide, a olefin polymer, a polysiloxane, a poly(alkenyl aromatic), and a

combination comprising at least one of the foregoing polymers, and the like.

Non-limiting examples of fillers include silica powder, ‘'such as fused silica and
crystalline silica; talc; glass fibers; carbon black; conductive fillers; carbon nanotubes;
nanoclays; organoclays; a combination comprising at least one of the foregoing fillers;

and the like.

The amount of filler present in the polymer can range anywhere of about 0 to about 50
weight percent based on the total weight of the composition, preferably from about 0

to about 20 weight percent thereof.

The additives include, but are not limited to, colorants such as pigments or dyes, UV
stabilizers, antioxidants, heat stabilizers, foaming agents, and mold release agents.

Where the additive is one or more conventional additives, the product may comprise
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which the additive is introduced. The extruder may conprise a vent
downstream of the non-venting side feeder to renove volatiles still

remai ni may have been produced by the side ition of
t he addinglpvzg{%@z?@?er, and/ or additional polynmer to thléé@?%ﬁggi}ﬂ“m

menti oned. above, the additional polynmer introduced in the conmpoundi ng step

may i ncl.ud | yet herim de, a poly bonat e, a.polycarbonate ester, a
ol y (ar yiero 0 D0Bha b0 1ol Renr s 3P b BB SRRy Mot

pol ysul f@0e01 @ aBehtyIehEiehiRiRAtof the el aBditlfes. @ ol efin polynmer, a

pol ysi | oxane, a pol y(alkenyl aromatic), and a conbination conprising at

| east one of- the foregoi g&gpol ynmers, and the like. Non-limting exanpl es of
fillers Inwothss egborizaensothe dolymsierlvaat mirdwg Y fEHcRRAMPEIY/ &t 5Pt ne
ol S filer haBPal ATLAe aSAFNOHd BT in RN kPl chdifdel; 1085001

nanot ubes; " nanoclays; organocl ays; a conbi nati on conprising at |east one
of the floseadonmigthbi the eresdispeasudl of filled inkeethe Polynmmsoiventahixhirk kBowpfaesent i n

t he pol yner can range .an ere of apqut t.0 .about 50 . wei ght . percent based
on the 1 BE SSRGS GH PR SoRp o1 8% Tllren dhe By P BT o about
20 wel ghﬁroﬂﬁ‘rftcﬁﬂttrixt hefigobwerd RscBEE b VRS pbflcHdSIveRUnixdiR ARjws for ted to,
col orant’s such as pignents or dyes, UV stabilizers, antioxidants, heat

st abi | i zeffisienf osninggofathentiier anddpelymer méthe aswinigizad sisaga\né caegliedsaddi ti ve

is one or nore, conventianal,addjtives, . .the .prod : [ 0 WO
2005/ OZS%’%I’%?QJ% %1@3%255&35 H?%“bf‘éfgta& ag}&(}?p %{rogl\/\el éﬁitg‘%ﬁ%r cent of
the desi pegbrawigiyl | ¥eone-btepl PFctblsy @basmpolndifgikoladoniderdlatilizatorghis per cent
of the desired additives. |In another enbodi nent, tthe pol yner - sp| vent
mi xt ure faslosedrtormspvide fifed selyamer peadyet wihentithg pesd fopiiegisuak repging one
addi tive,_pyi i | ?q]hg | ' Lg@g{ bk —egn found
t hat theaﬁ%o?ﬁqqo@%%@é%ﬁﬂ%%ﬂo I g‘?@?g%ﬂ;&%ﬁgﬂg%ﬁéﬁr o}raSen% 1 XQ[ ure all ows
for theAefuithei aivantage ofiniddiag rthelififier tdothei mrynodr-sohent itlixtere jathet Mleanr esul ti ng
i sol ated pol ynmer .product t.rix.. The | ower, viscosi f the
pol ymer - S¥NRARding W@XHPH%\A%tOTIBP“mgFfﬂ?e\cl\geéhli‘mﬁf&?fﬁgyB‘?lyPﬁ’é filler and
polymer with a mnimzed usage of energy as conpared to conpounding the
filler apfoROlYSBRméR, RB peietd@veRmisitui hitthefetiies a Ageidictystdline, a
one-step process of conpoundi ng/isol ation/devolatilizatjio is. .
polymer, such as liquid crystalline polyester and copolyesters. ~Suitable liquid
crystalline polymers are described in U.S. Pat. Nos. 5,324,795; 4,161,470; and

4,664,972,

The fillers and additives that may be dispersed in the polymer-solvent mixture may be

any of those listed for the additional compounding step above.

Polymeric materials isolated according to the methods described herein may be
transformed into useful articles directly, or may be blended with one or more
additional polymers or polymer additives and subjected to injection molding,
compression molding, extrusion methods, solution casting methods, and like
techniques to provide useful articles. Injection molding is frequently the more

preferred method of forming the useful articles.

In one embodiment, a method for separating a polymer from a solvent comprises
introducing a superheated polymer-solvent mixture via a pressure control valve

located on a barrel of an extruder, wherein the extruder comprises an upstream vent, a
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di sclosed to provide filled polyner product w thout the need for the usual
renmel ting and conpoundi ng of the polynmer and filler after the isolation

gatzormed. A further advantage of addi npc%/lﬂgzofojubi e§y to t he

step ha
polyrrer-s%@ﬁ%gr@gm xture rather than conpounding it in an extruder is to

m nimze the heat history of the polynmer. In one enbodi nent, the

pol ymer-sol vent m xture further c rises a l.iquid crystallj ol yner,
such as 4oVgsFeAe M 3‘?‘?? ﬁ@reﬂjg?{?és‘ﬁgelaﬁge E‘gf)(g?egg%?%?@‘.}lseﬁﬁis d&[}?%de?i qui d
crystal | yeReaRPihY %‘Eitl%aﬁ‘lr Renf&xCihk RRE-feéicvent aRPEperdidat MBoddiméPherid, 161, 470;
and 4,664,972. The fillers and additives that nmay be dispersed in the

pol ymer -predsvrsrandrih dawestreag 1ent impgerated ahsuhatmhosphesic prspsurd) geedng i onal

conpoundi e bove. .Pol yrmeri ¢ material.s, isolat.ed ' t he

net hods S&E‘%Ef Frfrﬁgh?}ﬁe?l eﬁleﬁ{fé Rymigr:s lvsef’tr%g 5 S’faoghﬁs%&ﬁrﬁg{é%eggl%g directly,
or may h®wilseedsdend dod B giderfedtief @entpaeli fsblating apolynes iBodict fromyther

addi tives and subjected to _injection nolding, .conpressjon no]ding,

ext r usi diplyrereodent Bexture; ahercas theRplyrBeodNent BH¥tUrS GQEPTISET A RO to

provi de %]%%fslé’]ve ticles. Injection nolding is frequently the nore

preferred nethod of form ng the useful articles. In one enbodinent, a

nmet hod for separating a polynmer froma solvent conprises introducing a
super healheshepahyotmesto b urethodrifort separating aspobyresrsiiom - solvendcomatisiag | ocat ed

on a barrel ,of an extruder, erein the extruder conprises, a tream
vent, a BY¥oysing@sipsasaisd F@@zﬁ@%ﬁ%@{e gvde\/rf’s Pf%g%g \S/Cé’rls?fr? é’%’&ga si de

feeder, 1WRAEELA 4 H8e Tocder hRRUSI 16 AARKIGES, FhEleffieestvter iprisend the
upstream vent and the side-feeder vent are operated at about atnospheric

pr essur edewn$tresns veoiwdiereim thevsidr feeder sompaisese side Jeasiat wEd e Wher$iRessur e;
removin sol vent m the.s (9971 L.a the

upst reagjihs@ms’surtehcgn{rglowg %Sefégqﬁ\é/(gﬁ%%% Q?%é@dgggé%g%esrlﬁvgﬁﬁre\g}% I sol ati ng
a pol ymefenfof apuselvent 66t fhe suphsatel polghuesdlvent xiivtues viahby éownstream

pol yner-sol vent m xture conprises, a polynmer —and soéven . 2 one

enbodi mevent aad fbe il fesdersesphr ad; 19latng &1 RORETSE PP YHPVERPOSEPr i si ng

I nt roducj / . I 5.S e @ ApHIiASS Wh@® acont r ol

val ve I%)d(i:lgetngéﬁl gﬁﬁ%h\gﬁéggﬂf @gﬁﬁ?ﬁg%gg%%@uﬁl%@(?ﬁﬁer? VSIV%GI’ ei nat he

ext r uder satwamrand eherein the polymer comprises a poly(arylene ether).

In one embodiment, a system for separating a polymer from a solvent, the system
comprising a means for heating a polymer-solvent mixture, preferably to provide a
superheated polymer-solvent mixture; an extruder in communication with the means
for heating a polymer solvent mixture, the communication being via at least one feed
inlet, preferably a pressure control valve through which a polymer-solvent mixture
may be introduced into the extruder, the extruder being equipped with at least one
upstream vent adapted for operation at atmospheric or subatmospheric pressure, and at
least one downstream vent adapted for operation at subatmospheric pressure; and
optionally at least one side feeder in communication with the extruder, the side feeder
being equipped with at least one vent adapted for operation at atmospheric or
subatmospheric pressure and optionally at least one pressure control valve through
which the polymer-solvent mixture may be introduced into the extruder via the side
feeder. As an example of what is meant by the expressions in communication with or
to communicate with, the side feeder is said to be in communication with or to

communicate with the extruder because the barrel of the side feeder is understood to
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downstream vent, wherein the side feeder conprises a side feeder vent, and
wherein the pressure control valve is |ocated between the extruder and the
side feeder vent: renoving solvent fromthe superheat eﬁ g -sol vent

m xture VORWHLIM3unstream vent and the side feeder vEB T’%g %gﬁ{zé%l ating a
pol ymer product fromthe polyner solvent m xture; wherein the

pol yner - sol ven 1 Xxture conprjs a | ymer and sol vent, and erein the
pol yrer ‘&5l e Budel g SHHACer A oa RB oy 14 sEiRe obABuel _r}lémr,geaergg?ﬁ?em f or
separat| fﬁ&h@eﬂgldéfrﬁérrél LA RISAbYEHE 1sicief¥€edéi/§ér?éiﬂou%{ﬁ%{gh ShdWknfofans for
heating a pol yner-sol vent m xture, preferably to provide a superheated

pol yrer -$d¢ feeder. mi xture; an extruder in communication with the means for
heating a pol ymer solvent m xture, the comunication being via at |east one

feed in ref er.ably ressure contral val.ye through whi

pol ymer lg% I\ilsegcfr 1 Rtee? 8 ?r"%og\%?n trP%‘glﬁ 38 plr?\‘flée tahléeage%t ?ﬁﬁ%ﬁgﬂ% £ %Cel ext ruder
bei ng eqpblppedsoddnb nikiuteciasiude Reated 288 tHRE) heandxchstaRtsp eatién wRsdlgt i on at
at nospheri c_or, subat nospherjic pressure, and at_ _|east one downstream vent
adapt ed #bef which may on may netbupistypRu: eetrylees dpd e likgd  optional Iy at | east
one side feeder in communication with the extruder, the side feeder being
equi ppedTﬁ\s binfbr it @M ARE16E %M@ﬁeﬁﬂs foRhe SRR ASdIRelolRhiTRSRIer | C Or
subat nospheric pressure and optionally at |east” one pressure control valve
t hr ough mapibete twie-speiyeenigobtatng extiodenratwinyscisey crtatatihgeexdruder @ t he

extruder .via the side feeder. As an .exanple of what is nmeant by the

expr essi gﬂgleisgegoqmﬁ?rcgﬁgﬂg]ﬁsgqudpmp{og%ﬁ}gwfigat e with, the side feeder
is said to be in communication with or to comunicate with the extruder
because riardaalr sl 2afludthe Sidlexdngadsrenodiners st grddisclosed R0/ 023902
PCT/ US2004/ 022194 intersect the barrel of the_extruder allowng for the
passage BEthod| vdigure apoilugieates at sitem pndna BRbed gemMBIEHRR R 8O ds al ong
t he side I ; . de: der, ans for
heat  ng. Bepar e Relsp Bl T 18 il E T ptimk ot e e

pol yner - pmhy &R} foripaping theahixdee tiemghc fileeddtan®} anhbeit exelongege.s,

reaction_vessels, . all of which or may, not be.pressurized,. extruders,
and the Hi ‘F(fj’.eat’rﬁéc@%qruﬂ@w\g?ﬁ%%%n?oc BEGVHlS @i SURCTP %aéeié’zﬁ’ F5PV%ating a
pol ymer SplMRIVe) Whithys forcd®ry tB@a&g)h"ﬁf@l’iesgefaﬁjd\{uﬁﬁ)Hﬂé@glrih!lin@tﬂlﬂéﬁs @xior uder, a

tw n-screw co-rotating extruder, ) )
remove particulate impurities from the superheated polymer-solvent mixture which

passes through a pressure control valve (8) and a short connecting pipe (9) to the feed
zone of a twin-screw extruder (10) having screw design (24). Extruder (10) is
equipped with a side feeder (11) and nitrogen gas inlets (12) and (13). Upstream vent
(14) and a side feeder vent (15) for removing solvent vapors (18) are located on barrel
1 (16), and the side feeder (11), respectively. The escaping solvent vapors (18) are
. captured in a solvent vapor manifold (19) connected to a condenser (20) where heat
(5) is removed and solvent (21) is recovered. Downstream of barrel 4 (17) the
extruder screw elements are configured to provide melt seals (29) in barrel 5 (23) and
barrel 8 (30) respectively. Downstream vents (22), (26), (27) and (31) provide for the
removal of solvent not removed through the upstream vents. Solvent vapors (18) and
(32) are condensed and recovered at condensers (20), (33) and (34). The polymer

product (35) emerges from the extruder for pelletization and further use.

Figure 2 illustrates a portion of the system comprising a twin-screw extruder (36), side

feeders (37) and (38), a feed inlet (39) comprising a pressure control valve, upstream
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singl e-screw extruder, or a single-screw reciprocating extruder. Figures 1
anthdl I ::ust rate two exenplary enbodi ments of the disclosed system and

met ho iqgure 1 illustrates a systemand a nmethod conprising. a njtrogen-

pressuri YOLOWYRY feed tank (1) for supplying a poI;/TBrE §6‘ﬁ§‘/8??554m xture,

a gear purrp (2) for punping the m xture though a flow neter (3) and heat

Ciper haseelBbl JaRoteede esin (COmISiseEor By sl drvars, Fisog B R AE Rt 1 on of
the gear d%éaofﬂ%gedgﬂ%opld | b9t biifhifed( 1y cdefbin. SiTRuR Yag it bigyleaer i puri ti es

fromthe per so vent m és through a
pr essur eow@yingakcrevatlvmeitS 42 which owide faotha etansfcxg)fmobme(r dppasited ma f eed

zone of at scre trud h
O Uit I B e Betiee (i S St o) mhd e s Yana (19).
Upst r eam heats fowam%riﬂelﬁ s@dlﬁearfcﬁﬁgﬁhstye%ﬁi véﬂté)(4ﬂpr(4?rm) REd S@Hyent vapors

(18) are locat d on barrel 16), and the side f (11), respectively.
The esc@mm@ng&r\rembvala)]ﬁ@d@w yolgerd. captured in a sol vent vapor manifold
(19) connected to a condenser (20) where heat (5) is renmoved and sol vent

21 .
re conth g SiepimsAp HREHORE Pt vyt fakd tof Huep o aRET B Bronts
(30) resReGldrvaIdy frofROvéIBAct A MeNhet pAFher étQ 6) emé2?) fimnd tHe3&Ytrydenvi de f or

the renpval of solvent not renoved throu t stream.vents. Sol vent
vapor s (dm”awearﬁdwh(m?aua%s @@afd%ﬁ%%dn amaV%ﬂ vﬁ%ﬁg o 8h fen BTl 20) | (33)

and (34)rodRE REAIES wih o Goifrid) pROBEORSIEGATIS k! bdaErige

pel | eti f’a |ori e 2 Illustrates a portion of the system
conpr i S|degrade at\high semsenatesetin uimhepres(eaég of eiygen. Ferextemple; palyetherdénide8)  a feed

inlet (39) I
b Uso ol roaRnyI<pg siheR 67 bRyt st i ot ot RO efmentiieg 1050 D250
feeders ’anhQﬁﬁ@h%ea@hﬁﬁﬂyﬁwﬁeﬁ]ﬂeateﬁdﬁWﬁ&ﬁke%ﬂ"ce eapkypeh N §tepd Whichpmby brer

entrai ned by escaping solvent vapor, side feeder conveying screw el enents
]g 4221 whi telrenpin ovded éo fonimizecthe peneshigatiopfof oBYSERER tREcHEReTefr toAMINIRZE s de
eeder t

e Wil B L SR B ol g 1) 20
(51) prigMudé:n@rapding’ exvervisl pzﬁfs aﬁi(het extnaler sothy eladding and supplying the

cladding with a positive pressure of nitrogen, enclosing with a housing supplied with a

positive pressure of inert gas those sections of the extruder subject to the entry of

oxygen due to the action of the vacuum vents, enclosing the entire extruder in an

enclosure supplied with a positive pressure of nitrogen, and the like. Additionally,

steps may be taken to degas the polymer-solvent mixture pribr to its introduction into

the extruder. Degassing may be effected in a variety of ways, for example sparging

the polymer-solvent mixture with an inert gas and thereafter maintaining a positive

pressure of an inert gas in the vessel holding the polymer-solvent mixture.

The polymer product produced may be used for a variety of applications and articles.
For example, a polymer product comprising a blend of poly(arylene ether) and
poly(alkenyl aromatic) may be used to prepare articles including computers and
business equipment, automotive, electrical insulation, telecommunications,
electronics, and data storage media, such as the disk substrate for compact disks,

digital versatile disks, and digital video recorder applications (e.g. “Blu-Ray Disc”).
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I n one enbodi ment additional precautions may be taken to exclude oxygen
fromthe extruder and fromcontact with the hot polyner as it energes from

the extruder _dieface. Such precautions may assist in i
di scol or¥Pi2%B#%%he pol ymer product, especially V\hen%ﬁég%%f@%é% pr oduct
is knowmn to darken or otherwi se degrade at high tenperature in the

presenc f en. For exanple, polyetherimdes and poly(phenyl ene
et hers)e@g‘%hﬁ)ﬁé&# 1 De sensitive to oxygen at high tenperature and darken
measur ably when heated in the presence of oxygen. Steps which may be taken

in or derTﬁeOfom')\KH'n@"e%Ernﬁl'%@a&%@ﬁ%ﬂhﬁ@bf&w&ﬁos‘éw SfRIndr{ skill8n Ehetartugi@ia or to
mnimze the exposure of the hot polyner energing fromthe extruder

d: eL S._Ce demailgdydgmilpti@)mgfhﬁe:ﬂm/\xlna‘qél;lg@img}am?ﬁdﬁmm apseparriedofut end ceattatefler wi t h
el osi TR RetRieB e g i RS TRl GO RohR etk B UBRRM RS 0, oSS

t hose sections of the extruder subject to the entry of oxygen due to the

acti on ofhrblighovtGhel Bxumples, tieNeystan nGed he «fict pelyedrssulent sepamtionencl osur e
supplied with a positive pressure Ef nitrogen, and the |i k&g A?di tionally,
T

steps meSPIHEISEA R SR-TPHFSgEieTIEEIRG i;ﬁve%eifs‘&mttwiﬁ‘%rﬁ‘?@xﬂl‘ it s

| ntroduchlan hatighle it ﬁfétWE‘x‘illﬁf& & IRy, We WbIEHlRsysnR ofari ety of
ways, for exanple sparging the polyner-sol'vent mxture wth an inert gas
and t hertafBxempleai Meaf misexts diffoom the eeoss protissal rageacdvatlable fienthe gelyeritn t he

vessel hol ding the venf .m xture, The ct Qroduced

ol yner.-so ol yrer ,proed
may be u¥PqrSfi5eSEPG el%’it’i}‘dSIF Y BT AL TR POst %s{;ﬁ’éggc? (S%?—agllgé{éﬁﬁ%srrpl e, a
pol ynmer QraeCihd a9ppd &k il Mol GRE (RigaROdbésakti@le Tak kedckingpiesswel y(al kenyl
aromatic) may be uUsed to prepare articles including conputers an busi ness
equi prenef the pressuse folease shlze wak elertromenlly sonigelledrsark g@ﬁﬁﬁ%ﬁ%ﬁ%ﬁs",

el ectronjcs, and, dat or I J . Lskosdspstrate for conpact
di sks, e(jmeﬂe%e rps?%% ésogiggk@g%%y ag?"gﬁdg‘?"'db’?@etgé réecor der applications
(e.g. "Blu-Ray Disc"). 24 WO 2005/023902 PCT/ US2004/ 022194 EXAMPLES 1 and 2
The fol | Tié dga axPahd esllwstatestht effetivendse opthemelod foo sepavdtingradiolgmer skill in
the art with a detailed descrjpt iﬁigg]ﬁof how t he, et ho cl.ali ne erein are

d.
carried BoR HiEeeyBPURdgolverhil & oYeP; HCHAEFNER PPFEIE A %rbagpe of what

the invepg lqsglﬁ?l?ﬁgalg,s&get@is&vieﬂtyenti on. Throughout the Exanples, the
system used to eftect "pol yner-sol vent separation

Example 1 was prepared to illustrate the isolation of a polyphenylene ether-
polystyrene blend from ortho-dichlorobenzene (ODCB). A 40/60 by weight blend of
polyphenylene ether (PPO, 0.33 IV PPO powder available from General Electric) and
polystyrene (xPS, L3050 available from Chevron Phillips Chemical) was prepared
according to the following procedure. To a pre-heated (about 125°C), nitrogen
blanketed, stirred amount of reagent-grade ODCB solvent was added 160 pounds
(72.6 kilograms (kg)) of PPO powder and 240 pounds (108.9 kg) of xPS, to make a
solution containing 20 percent by weight solids. The solution was heated to about

170°C and gravity filtered through a 5-micrometer size filter bag.

After the filtration step was completed, a portion of the ODCB was removed by
distillation to pre-concentrate the 20 percent by weight solution to a polymer-solvent
mixture containing about 40 percent by weight solids. The polymer-solvent mixture
was charged to a feed tank where the temperature of the polymer-solvent mixture at

the feed tank was about 160°C, and the pressure was about 80 psig (5.6 kilogram-
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conprised a co-rotating, intermeshing (i.e., self w ping) tw n-screw
extruder. Vent inserts, available fromthe Werner & Pfleiderer Conpany,
were used i ystens of the Exanples. Vent insert i r i.n.the cross
secti ona\q'oazl%éé(ﬁg?}’zi | abl e for the solvent vapors to esggﬂgg%@wig)@%‘r uder:
'CI':ype Atl nserts are thF nost restrictive (smallest cross section) and Type

are e nost open argest cross section). The crackin ressure of the
pr essur dO5C8 | RS SGURFE | SFRUREET Qf%)(’?fnrﬁn‘i‘ F INrogsHt Aog‘Taéd’UQch(agﬁlé?dsgo st eady

stream Qfynsfh@, Heahest MREET 2 50 ' ' into the
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40/ 6? E?X]w?l ght Ggl er%d;ﬂ((:)#‘ I ﬁ;pol yphenyl ene ether (PPO, 0.33 IV PPO pO\(Nder )
avai l abl e from CGeneral Electric) and ol ystyrene (xPS, L30 ilable

fr om ChéRhedpplPRer-solyeat TEHTeC Ny Soh EOpY gﬁdﬁéﬂ%o&@eﬁ?f‘ at APt 8751%8%% | owi ng
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anount of reagen vent was a pounds (72.6 kil ograms
(kg)) ofmikR@qaveiss plamdd Flbrspaufads afchQf Dotig).5 dootk B, filtep (Ordk squere sol ut i on

cont ai nin 0 percent by weight splids.. The splufio S. heat e o0 about
170C andn%P“s}/itgfe?’ioV? &Pé@n’ﬁl???%u@?‘po Qa%lcmaéﬁsow@ﬁlgr €h§"i ff’sx?%"ﬁ“&‘r‘- bgaé Af t elrJ t he
filtratiQn steRe YEHe GREPARERGs was RAfdife /hbblies@REB was renmoved by
distillation to pre-concentrate the 20 percent by weight solution to a

pol ymer -sol vent m xture containing about 40 percent by wejght solids. The
pol ymer -Ei fikered pokymer-solveptaniztiae §aa fed thiopghed pressiee aaErad flagl Vel¥fper at ur e

of the pql = sol.vent m xt f :

or essur OWRECBRRE G Blrbh B bebiaf 2 o 3 o Sl 0B gttt dvin-ancl The

g’glaz Ugﬁg%f’év\vgga&&ﬁ%ﬁr%r Qﬁc:rﬁﬁﬁhifﬁg Lbafrﬁdmehzf\iiﬂgtaei,/m kafid cfPyputid@er Thiet r ogen. A
use o ransf ey - i

S Y 5mwanase o ook ok RS cAORIY S Pl PR 5

heat exchapge rTH@e'x%@érQ@% é)%Era%tagagE s%%p@éié@{ a)o}put 395t HRORIA Atabouted t o

provi de enough pressur out psi g, 5. gf/cnR) to feed the
percent drive torque. The measured extruder barrel temperatures were 321, 299, 318,

291, 290, 290, 289, and 290°C (die). The extruder was equipped with a closed

chamber upstream of barrel 1, the closed chamber having a nitrogen line adapted for
the controlled introduction of nitrogen gas before and during the solvent removal
process. The extruder was further equipped at barrel 2 with a side feeder positioned
orthogonal to the barrel of the extruder. The side feeder was not heated, had a L/D of
about 10, and comprised two screws consisting of forward conveying elements only.
At the end most distant from the extruder barrel, the side feeder was equipped with a
single atmospheric vent (vent 1). The conveying elements of the screws of the side
feeder were configured to convey toward the extruder and away from the side feeder
vent. The extruder was further equipped with two additional atmospheric vents at
barrel 1 (vent 2), and barrel 4 (vent 3), and three vacuum vents (vents operated at
subatmospheric pressure) at barrel 5 (vent 4), barrel 7 (vent 5) and barrel 9 (vent 6).
The three atmospheric vents, two on the extruder and one on the side feeder, were
each connected to a solvent removal and recovery manifold comprising solvent vapor

removal lines, a condenser and liquid solvent receiving vessel. The vacuum vents
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punp head of the gear punp. The pol yner-sol vent m xture energed fromthe
heat exchanger at about 270-280C and was fed through a conbination of two
sintered-netal filters (PALL, 13- mcroneter size pleat it surface
area of WO oot 2 per filter (0.14 square net erﬂ%%{[%&qﬂé/ﬁ{}@%‘

contam nates and particulates within the feed solution. The tenperature of
the filter housipgs was Jmintai ned at out, 280QC. The filtered .

pol yner - @W@éﬁ@ar{;’l adepicd fomSolYeOY TECRY Big ﬁgatsr% és 8@1“@ OcHsHE F&PIPP?‘ﬂEIHh val ve

bl umbed yeq: fiherdounstI SR $e8Boniaupes Jimd Wt sk barrel , 25 mm

di aneter,”'twn- screw, co-rotating 1 rmeshi ng extruder having a L/D ratio
of about 40. The tenperature of the solution at the pressure-controlled
fl ash valleextaslenlsoew demenas®asistedeofchath wanyeyings clopentstand keadingcr ew speed

of about .575 rpm,and at about 20 er t, drJ [ . ' red
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f eeder wfightedtknbatiigeembnid verd Aplofed. ablouextader someve wepsrdguipged withscr ews

consi sting of forward copyeyi epent s, onl At the.en st,._di st ant
fromt hem_skt%ee}aeqonﬁaﬁ"}gep?\f@%@?& ELOC][(%@&FQF Wagf éﬁﬁﬂ”ﬁﬁgﬁléit%n ea‘d‘:,nigngl e

at NosphegjumeMENIThe MR sehls wéiREoSRY AYiaRG]sed, QB Y. STRE vidianSen@weel the side
feeder were configured to convey toward the extruder and away fromthe side

f eeder loeated dbwestesetr ofidhe mweli seals tanebaresldi bpwel Tiené bewel dowid Wesal

at nospheri c vents at arrel t. r , nd three
vacuum Vgpﬁrgtef\gt H?cgnug)pgervg{segf %l}o(ﬁ/?g Bgﬁ%sogﬁg?r?%&pﬁggﬂéle é}gﬁs:%@r el 5 (vent
4), barr %cuﬁm(gé@gé indlcadifgl flRviRbm of #e6 bbdlute prEisure,wadd adadmbpiteli ¢ vent s,
two on the extruder and one on the side feeder, were each connected to a

sol vent imshepafimeipnty ( &ondlpetessdilglol d conprisi ng sol vent vapor renoval
| ines, a condenser and |liquid solvent receiving vessel. The vacuum vents 26
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recovery. wer e equi pped wth .
removed in the process. A slight vacuum (about 1 inch Hg (25 millimeters Hg) was

applied to the heat exchanger receiving solvent vapor from the atmospheric vents to
evacuate the solvent vapors. The devolatilized PPO-xPS resin which emerged from
the die face (melt temperature about 310°C) of the extruder was stranded and

pelletized.

About 1000 pounds (453.6 kg) of polymer-solvent mixture containing about 40
percent by weight of solids were prepared, filtered and isolated for this trial and
resulted in approximately 400 pounds (181 kg) of pelletized PPO-xPS. The process
was run for about 12 hours with no interruption. Prior to the run, the extruder was
thoroughly cleaned by submitting the screws, vent port adaptors, vent inserts, die
head/plate to an 454°C sand-bath, and the extruder barrels were brushed prior to
reassembly. The vacuum vents ran clean throughout the run, as determined by visual
inspection at least every 15 minutes during the 12-hour long run. Only one filter
housing was used for the entire 12-hour experiment. The differential pressure across

the filter was constant throughout the run. Table 1 provides the processing data for
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Type Cinserts. Vents 1 and 2 were not equi pped with a vent insert. The
extruder screw el enents consisted of both conveying el enents and kneadi ng
el enents. All_ of the conveying elenents in both the ex he si de
feeder WEPSOOYBIWard f1i ght ed conveyi ng el enents. Kneag{j}#@gé@ﬁég“s used

i ncluded neutral, forward flighted and rearward flighted kneadi ng el enents

dependi ng on fuynction., | rels 2.and 3 of the_.extruder, . kneading bl ocks
consi sti ﬁﬁarﬁﬁleﬁoﬁtﬁrlﬂmgﬁg Q]‘g r‘%PrOVf‘iq%gqqta@cFVEﬁg%BfW@ %F%WE?]P%S e

enpl oyedihe Kame@%bRASIT SCEQUGoVRY Fecl AHNRREE) Mtifchies BRI empPEatuze 6PRR! Sting of
kneadi ng bl ocks nmade up of rearward flighted kneading élenents. The nelt
seal s wep@ymersaleeht anixizg ineths fed tankl. 8T Aued aftar blgah Bxolt £G) indicatescat ed
downstream of the nelt .seals on barrel . barrel 7 and barre] and were
opor at edih: ComETTHET & IR BB a0 egmixmo ahis prdpl RS Ran The. Mert et or s

Hg) (a wamubderJaguRed RdileapivaBef@C)” MaftdtesithetendRfura ¥ ahe belyprepssur e,
woul d read about 30 inches of nercury (762 mllineters . Shel ] - and-t ube

heat exchringemixyae et thsegesyreceoniiehyalve (' Heatipg il fordd cBFISFENL
renoved j: i N C } bW neters
o) v TsaES S RO Rorh oF BN O30 ML ROOMber -FRRRIROBER I U0 Tt he
at nosphe(ppen)V @adviddsche emaontaifaedithen] HIDEBrih puappersmillidre(ppen)atatiniigz ed

PPO- xPS resin which, eperged f .the die face (nmelt tenperature about
310C) of It ¥ é‘?‘fql@fgszeg‘ev%gy‘g?rr gﬁ]g’]@’dln%ﬁ’aﬂetﬁéﬁ’%taf‘ ctias ARSIy B¥unds
(453.6 kgﬁmﬁ{atogpgp}:\lgpr-sol vent m xture containing about 40 percent by
wei ght of soli1ds re prepared, filtered and isolated for this trial and

resulted in approximately 400 pounds (181 kg) of pelletized PPO-xPS. The
process DBuamspleuh wasrpresesk sintlaty de Examle howithtsomeupedidisatiansi of t& the run,

t he extruder thor o I | ubm tii t t port
adapt or s?eli?%rﬁr@)? H‘éeé‘(rgi sS,OHg%] eleu 18123795?%§§P§09)§%t})&@§%d8§§§ %g@?ﬁﬁ & éz\r??]t he
ext r uder phaddsl13.11g) &F (I3She BPOr pawdek @nd HOgsaadd(18.1 Kfeof/hdfngradnt s ran
cl ean throughout the run, as, determ ned by vi ssu@alilisysi nsg)ecti ggatgﬁs] | east

every 15XRSuteODed.i A§e remlting. Hopgreemy vy weiaht RO Ppe Husi ng was
used for phg @it Lig gﬁa{vﬂ? HiteflPREJuER A S-ﬁﬁ%lrf%gegfsgzﬁefmér Yag PTRS filtfafe ACT 0SS

the filter was const hr oughout "t he run. l e | provides theBprocessi ng
dat a for wa¥ chifdeAOfNbd 622000 FTH¢LUSA O Vet $6ids solution by removal of ODC

by distillation.

The solution was not superheated in a shell-and-tube heater and was not filtered
through a combination of two sintered-metal filters prior to isolation of the polymeric
material from the solvent. Isolation of the polymeric material was performed in a
25mm-diameter twin-screw, co-rotating intermeshing extruder having 10 barrels (L/D
= 40); a 2-hole die plate; and six vents, two of which were located upstream of the
feed port and operated at atmospheric pressure, and the other four vents were located
downstream of the feed port and operated at relatively high levels of vacuum (about
28 inches of mercury (711 millimeters Hg)). The atmospheric vents 1 and 2 were
located at extruder barrel 1 and on a side feeder éonnected to barrel 2 of the extruder,
respectively. The feed solution was added directly to the extruder at an injection port
located at the downstream edge of barrel number 2. A side feeder, operated as a vent,
was connected to the extruder at barrel number 2. Finally, the extruder was not

cleaned prior to the run, but was purged for some time with the same solution used as
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Example 1 illustrates the application of the present method to a polymer-solvent

mixture comprising polyphenylene ether and polystyrene. As shown, a relatively low

weight percent solids solution comprising polyphenylene ether and polystyrene thay

be processed to provide isolated polyphenylene ether-polystyrene containing minor

amounts of residual solvent. Example 2 illustrates another embodiment wherein the

solution was not superheated. As shown in the residual solvent results, the method

provided the separation of polyphenylene ether-polystyrene from ODCB in one step to

provide a polymer with minor amounts of residual solvent.

The larger amount of

solvent in Example 1 as compared to Example 2 may be explained by a flow rate of
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WD 2005/ 023902 PCT/ US2004/ 022194 the feed. Processing conditions for
Exanple 2 can be found in Table 1. The residual ODCB is provided as an

average of t results of two sanples. TABLE | Solutio speed
Exanpl eF\%%"%Z‘F@‘Pgr que (Y Melt ("CBarrel Tenperatur esBEJ}/@f"@%@% kg/ hr)
321/ 299/ 318/-291/ 290/ 290/ 132. 720310575 289/290 317/ 289/ 289/ 290/ 290/ 290/
213. 9-15. 920305450 1/ 290, TABLE | NUED .T Heati al of Sol ution
ST 1 eoc UGy g £ BOT S e orRla MERFathe SR S EKERDE JhaBphReed Tank
(C) Exch. E)(e@zm@d Mevideh Bvetitdd ﬁapﬂﬁ)ex?é‘(ﬁélﬁ REhat{dof %5%& #éeh a Kflvéht.

1160270- 280280- 285310 runs) 1550 (avg. of 2 2162--- sanples) Exanple |

illustrates the application of the d%g?serjt nmet hod to a pol yner-sol vent
m xt ur e EeAvpriesiion hpsboghdasaribad ietdetail with prstisularyreserencesly predwied a
relati Ve%’XbACﬁlWC]%tW]&Q&f %Ci?%illsﬁ% 'u%ﬁer%t%loatﬂ}p thos@ WRi1led’ irﬁgt}{%olu)f r{ﬂﬁnyl ene
et her and polystyrene ay

variations and modifications can be effected within the spirit and scope of the

invention.

All cited patents, patent applications, and other references are incorporated herein by

reference in their entirety.
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be processed to provide isol ated pol yphenyl ene et her-pol ystyrene contai ni ng
m nor anmounts of residual solvent. Exanple 2 illustrates another

enbodi ment wherein the solution was not superheated. i he

resi dual WORANENRB*Resul ts, the nethod provided the sepﬁi ﬁfgg@gﬂ/g#ﬂg}

pol yphenyl ene et her-polystyrene fromODCB in one step to provide a polyner
wWth m n%;l gm) nts_of residual solvent. The |arger anount of solvent in
Exanpl e 1V4&%S £48d to Exanple 2 may be explained by a flow rate of 29 WO
2005/ 023902 PCT/ US2004/ 022194 sol uti on through the extruder that is double

from theifl owAraétBodfor E4RMMNG adolBRrTronE) 8SREMRScRiRke a nethod for the
expedi ent separation of "polymer froma solvent. The invention has been

described in detail with particular reference to preferred. enbodi nents
t her eof , IMb@duging \§ IsEpeseatadd splymsogolygntt mitares kq |aneextruger, hwhetein theat

variatio g&ﬂf ' ' e Lthin the spirit and scope of
t he inv%ﬁpﬁgﬁ? Sfe%:i&?ﬁeﬁdﬁ%% é%ﬁtsﬁj%ﬁa{%“ﬁgﬁgﬁ%%%hti ons, and ot her
ref erences are incorporated herein by reference in their entirety. 30 WO

2005/ 02 38 viRMgRoUISAOHdMGRE hifpérhedifed tpolymerisaivemtdnixture Yia the npstieard veotr

separatin ol r froma,solvent, conprising: introducing a superheated
pol ymr-@&@gﬁf’wﬁ’?ﬁtﬁ%\é@f’&ngn extruder, wherein the extruder conprises an
upstream vent and a downstream vent; renoving solvent fromthe superheated

pol yner - gglavigph pBlyxied pRAMER A Ehe HipEmheABA P&iRiner-aitverk Rxynst ream vent ; and
i sol ating a pol yner product fromthe superheated pol yner-sol vent m xture;

wherein the polynmer-solvent m xture conprises a polymer and a sol vent,
wher ei n Whereimibs patymsr-splypgtraixtyra comprips| aprlymeandehtol yanktwhegein dhg ess t han

or equal aﬁBurﬁbﬁgiol er i n. ?Eélyﬂ%%ﬁ&%nt%ﬁge ?éﬁ'iets@ﬁlah%tr%guégﬁhgpgn.ltofg p_(l)_| ymer

and sol vent, a erei ynmer 1s a poly(arylen he
met hod ofweighaipaicént bdsed enrthé hetalipsight afipobnter iand epbest; @edd atheadodle 750 -nm

of Hg or greater or at_aboyt 750 mm of Hg or |ess, and wherein the
downst r eR er 18 a poly(arylene ether).

2. The method of claim 1, wherein the upstream vent is operated at about 750
mm of Hg or greater or at about 750 mm of Hg or less, and wherein the downstream

vent is operated at about 750 mm of Hg or less.

3. The method of claim 1, wherein about 50 to about 99 percent of the solvent
present in the superheated heated polymer-solvent mixture is removed through the
upstream vent; and wherein about 1 to about 50 percent of the solvent present in the

superheated polymer-solvent mixture is removed through the downstream vent.

4, The method of claim 1, wherein the extruder further comprises a side feeder,
wherein the side feeder comprises a side feeder vent operated at about 750 mm of Hg

or greater or about 750 mm of Hg or less.

5. The method of claim 1 or 4, wherein the heated polymer-solvent mixture is
introduced to the extruder via a feed inlet in fluid communication with the extruder
barrel, wherein the feed inlet is a pressure control valve, and wherein the upstream

vent is positioned upstream from the feed inlet.
6. The method of claim 1 or 4, wherein the polymer product is substantially free
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vent is operated at about 750 mmof Hg or less. 3. The nethod of claim1,
wherei n about 50 to about 99 percent of the solvent present in the

super he d pol ymer -sol vent m xture i s renoved upst ream
vent ; aﬁg%ﬁﬁg§@%ﬁgabout 1 to about 50 percent of the s%p&@ﬁgﬂﬂ&gé%ht in the
super heat ed pol yner-solvent m xture is renoved through the downstream vent.
4. The ng&%id of claim1, wherein the extruder further conprises a side

f eeder, ¥8f-n the side feeder conprises a side feeder vent operated at
about 750 mmof Hg or greater or about 750 mmof Hg or less. 5. The nethod

of claimyl orrhe melRasitIdife] :815‘@} REEOLIABsITPTNG g b PolnferlsSlventnt r oduced

to the extruder via a feed inlet in fl ui’gﬁ(ﬁ:oﬁﬁm cagtl on With the extruder
barrel, mirgnei m aheolftéand filimtion $ystem prios sar mtroduting |the plolymer-apldenther ei n t he
upstrean1.ven% isep%shtioned upstreamfromthe feed inlet. 6. The method of
claim 1 BPXUC QMG TN e pol ymer product is substantially free 31 WO
2005/ 023902 of sol vent. PCT/US2004/022194 7. The nethod of claim1l or 4,
further gonprised agthdd beelang T Be 4paiherdh -tEe lpvBidryleht Xther)ecoriprises @l uti on
filtration systempriqgr to introducing the polyner-solvent mxture to the
ext r uder Pluglityrpfestrpstural gnigs olthgtwcfutsy "4, wherein the pol y(aryl ene et her)
conprises a plurality of structural units of the structure wherein for
each stru zural ynit, each Q@ is independently hal ogen, primary or
secondary 3 -C7Qalkyl, phenyl, hal oal kyl, am noal kyl, hydrocarbonoxy, or
halohydroca&::jfxy wherein at |east two carbon atons separate the hal ogen

and oxygen @n ¥e;0-ahnd each @2 is independently hydrogen, hal ogen, primary
or secondar ower al kyl, phenyl, hal oal kyl, hydrocarbonoxy, or
halohydrog? bo axy wherein at |east two carbon atons separate the hal ogen
and oxygern a . 9. The nmethod of claim1 or 4, wherein the pol yner

t ons
product further conprises a poly(alkenyl aromatic) resin which contains at

| east 25ynbyingddBAchOSirfdthl tinft2leadtNi('Sis ARIEHHRENTY ARIoBEN, Bhdshiry! oar OMati C
nononer of the fornula
secondary C;-C; alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms; and each Q? is independently hydrogen, halogen, primary or secondary
lower alkyl, phenyl, haloalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at

least two carbon atoms separate the halogen and oxygen atoms.

9. The method of claim 1 or 4, wherein the polymer product further comprises a
poly(alkenyl aromatic) resin which contains at least 25% by weight of structural units

derived from an alkenyl aromatic monomer of the formula

R]'———"C:CH2

Z
S

_._I__(Z])p

wherein R' is hydrogen, C;-C; alkyl, or halogen; 7! is vinyl, halogen or C;-Cs alkyl;
andpis 0 to 5.
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R C CH2 wherein R is hydrogen, C1-C8 al kyl, or halogen; Z' is vinyl,
hal ogen or Cl-C8 al kyl; andpi sOto5. 32 WO 2005/ 023902 PCT/ US2004/ 022194

10. The nethod of claim 38, wherein the pol yner product ¢ i about 40
to abouVOS8OHEPYAt percent pol y(aryl ene ether) and abBG?R]gg({Of‘@?zz%4out 40
wei ght percent poly(al kenyl aromatic) based on the total weight of the

ol aryl ene et her) and ol al kenyl aromatic) resin. 33
poly(ary 10. ) i Xé, wherei% the polymer pr)oduct comprises about 40 to

The method of claim
about 60 weight percent poly(arylene ether) and about 60 to about 40 weight percent

poly(alkenyl aromatic) based on the total weight of the poly(arylene ether) and

poly(alkenyl aromatic) resin.
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