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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
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DETWILEIR DESCRIATERS OMTEAE 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.
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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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Superheating may be described as the temperature a condensable gas is above its
boiling point at its current pressure. The degree of superheat, (P,"-P)), 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
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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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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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t o. about 200C. | one enbodi nent the extruder
ex Qﬂ?ﬁr‘%"%lsﬁseg%ﬁg 78R . 1P rPi5nem ?ﬁa@ammtﬁ% Jhepted 7pmgt of the

exthRRESrObpdiBRa 6hk U 8hoRMEmPRENALLE! 860°0N® MoulMBDEC. The
tenperatures of 190C to about 400C. The expression
exhssial Wherhia thx extoutier is apergbert aftaeidmperature efp@(°6ttarabowif400°C
9QC. .t 0, about 400 refers to the heated, zones of t.he
regye P AR gk BF ot Bl Lo NE p M FRCRS FRERE, S Fmay
coBPHIY bR hookd ahe ahledtedndner) Neaihed thoBabodiMkht) it fehipsrature
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of e hgatesh zmes Mgy ber2redjerathan 61 £AAItto 200\, 209 ef Wptsrt)y greater
r 0 |
e ERG60 1 D 220 R e OB R s R RO B abour
30¢f¢heral, as the feed rate of the pol yner-sol vent
m xture is increased a

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



correspondi ng increase in the screw speed nust be made
in order to accomopdate the additional material being
wobedostoasdhe extruder. Moreover, the screw spee#CT/US2004/022194
determ nes the residence tinme of whatever material is
being fed to the extruder, here a polyiner- solvent
revlutions ®er thinise (e FABY BousPeess andbolessl prefembar gbout 0.01 to
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IS bei i ntrodu i.nto extr r [
feod okl k568, bt B g B s B Al
thd fatid.befipebermudnaboua0dond ahdrubadftesd Inanesteant erkddimeat the
screw speeds are determ ned by, anpng other factors,
exfrpder opsiation 1s qharagietizechly a ratiorif agfé‘?f’e‘iagq in kilogragisingy heo an
ex{;eaeg &Erdn SpeRA ik YelRIutdE Pt alifdte ! MG A bEHEMRRFLM BT
eed rates. In one enbodi nent the extruder operation
and sb@ti@rddct eri zed by a ratio of a feed rate in
kil ograns per hour to an extruder screw speed in
revol utions per mnute. . the rati.o bei.ng between .about
i 58 R aBinexehnios o SpldBhrile SRR RIRET oo Sben
rer@¥tddusiethe apstieiin Osht] Goveldeantvent, aedobyide fdedbi verf Tae vents
feed rate in kilaograns per hour to an extruder screw
maypkie goNsCied i8] 418916 TpBP VA Angt BcoveRe Meatfpldl granpygping solvent

va &Iﬁéﬁ]%o'fﬂ%g} a QoftitnsedRdd %agﬁxgd Qorfent rd¥evigy %«t:ﬁlgi} RNy s%lgent

ptionally conprise a con Ing systemto collect’t
coBadtiwenystemdmowadn e b eraypetusedin vifert thedwivest resavery via the
vent, and/or side feeder vent. The vents nmay be
VelSnnected to a sol vent removal and recovery manifold
conprising solvent vapor renoval |ines, a condenser
Inaid ambodithett 8@l vigRtheaRa@ehMyMer-Y28SR | mixARY Bseéemiough the

collection system known in the art_may be used to
PrEse conplerabisi ierihe fesd gpre 9f e gxirpder, higk due [hthg peesence of
R 1 RS L QPR P B s e
atthesptiedo neessfiret helhex soluetar presdnit cin  thee st@ritdaedp pelyswreeolvent
mig{qﬁy g{r}]gg%g%r ?l glté Ira(r)l ggpﬁe%@o%ﬁglz:tﬂgrgb@ %ﬁlecrtll%%eerlt l\égsr%tpartial
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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at nospheric pressure. The solvent present in the

super heat ed pol yner-solvent m xture undergoes sudden
wanasriapioll evaporati on thereby effecting at | eB6T/US2004/022194

partial separation of the polymer and sol vent, the

sol vent vapors energing through the upstream vents.
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neasure
eq@ﬂugﬂmnwwmﬁmﬁnbfwemn@ngeemhme vent may be operated at
greater than or equal to about 100 mm preferably

reater _than or equal to ahou 50 mm and _ewven e, .
I P U o RS Ph g P SHsF 5 Vs oK AE gred nlt
of PRI &WY¥erGhay BE ted M SDathdsphétid fessufedN@ehishenboaithént, the
may be operate at less than or equal to about 600

premmre pt Bleamaistam Vesnd side fopdes yaall are elgged end oonHpied wgng
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thenadts, élﬂéi feildeandqe dier condaisiimystenndbiwigtredre of ﬁredaxtrnﬂfﬂft

of the extruder may be operated at subatnnspheric

pr ess n _thi enbo i ment, the . pr r.e at

In gps€p aﬁwemh @yrglr«rd%o Y o g iy infpduced) Bt aé’de%?ﬁaramf a
dls%ﬂﬂﬂlérpiﬁ%a%ér b8 secBh@ELS RNt EhchitRYEME pBKERSSbMent mixture

foam ng " of the m xture that may result in clogging of

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 contro] 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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the vents, side feeder and/or the condensing system
downstream of the extruder. In one enbodi nent the

weoabosrmess0sol vent m xture i s introduced i nto anPCT/US2004/022194
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R e t b
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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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possi bl e to superheat the polyner-solvent m xture by
ot her neans, for exanple, heating the pol yner-sol vent
waoiadseeoen a extruder, or a helicone mxer, 0oPCThS2004/022194
i ke. The polyner-solvent m xture may be superheated
by neans of a first extruder. The superheated
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The first extruder may be an si | e-s ext ruder
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US2004/ 022194 The pol yner produc ener? from
SNWMBoa&mmudemnuspMmmewnwddeﬂ@rmmhwdhfﬁaymbbﬂ)pﬁml§h¢$@@nd

and drie re fu n.so ces._t
x e BT o RBES R tnaBEniar ) TR EREEAvbEe any
ntéiﬁﬁdfa@@ﬁ@oléﬂ@%ﬁtﬁfdr RANEItiARGteRE. STl ufecotersev@itt éxtruder in this

present, y contai n _an anount of residual solvent
mamwm asBeciHyekmsEgiabfuringneng#inm atdiipl iBrehrahiey Where the
res%h&b tlhl%ngpf}r% ;BJi?mQP o R intiy #Jrﬂ@érem 19{ufﬁ5§gﬁ oaéc?né{/%e[he
i cular”application, for exanple a nolding
desa]mpl io&aﬂemh of egsidwdl ngpltenat Tliee seoond rextrofier maylwuarhy vented
SWJvent be | ess than about 100 ?a rts per m | |og based
extgpier Suchaas @WFntS‘f] t\efwescr% W%?l 19 g &x! rugq gdglﬁte twm > Serew
co#&%ﬁé‘(&%uﬂ& IS Ragal Bhelelserehti kel @FUE evdnR® sBR)-screw
of residual solvent by subjecting t he pol ymer product
recippoeatingdutitifiemall hexermusenserd sxteajsler Thagss ap (retrudsitpasersping at
|nto whi.ch t
least al%té Déeht po% r%érnﬁgelrgt(gd t\ég Q{én ﬁ%nwdﬁrée')s( rru 8f %ﬁbattxﬁlospherlc
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opgrater g gfa lPEeIPhERE  PrssRies &é’é)lﬁd"th%%t PI5d 8?6%5 Bl S%@ef eric
pr&@pp! ed to the initial extruder thereby avoiding any
Internmedi ate isolation and re-nelting steps. The use

of a second extruder in this _ ' _ .
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, a metal mesh filter, a pulp filter, a ceramic filter, or the like. The
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manner is especially beneficial during operation at
hi gh t hroughput rates where the residence tine of the
weoabosresoozn the initial extruder is insufficieRCTS2004/022194
achieve the desired |ow | evel of residual solvent.
The second extruder may be any vented extruder such
geoRfetrd ofemt Gtel Wiay-1RCEY, pRUREELEanidl, ’tdcRfl&X tnraishesundaor the
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I t -
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~enbodi ment the polymer-solvent mixture is filtered
miquemneterstworetpgefeired. r Sthadrefered withbin this rangeris @grore sipeof greater
ol yner s sal ven ] y fi r p
thaf o) B A8 4T Ao P gt ioh8 B D8 Bh o ahowt 3
migb@atedy nidi@rpréfbged)obid Recapei thin afr edquak ts adboents. micrometers
Filtration of the polymer-solvent m xture may be
espgeigly pisEdreds sol ution filtration. Suitable sol ution

filtration systens include a sintered-netal filter, a
Thé:ng%&ﬁnér'—s]oh%h‘e mxfurdhay bl H8Vity FiReRE prédshice filte@d MTh@lum

shfilter, a pulp fi'lter, a ceramc filter, or the |
filtbtieRt ghatchhi@terdd, coudirp0gy fitesd2r pampiusgony!tirpfogegoing filtration

eqmne f the filter. . .can

eI e Sl T O 52O B S 20 e
carPbe 2@ o8 Ol 6Ibi @Oref ﬂfilkdri Bt de@ibs Siysraltal.f Alddieiosaltgy sheleofiltration

any size ranging from about 0.01 mcroneters to about
ste QRSP MEsdeleS obmagy EATaiion SIFRSHNAY fivsed SoTgRinIg Bt
fitPPLEais] ze of less than or equal to about 50

m croneters can be enployed, with less than or equal

to about 20 mcroneters preferred, and | ess than or .
A pgfeated solutibo fittrati®n spitem dsrist direst pryp@upicefaay Widky thegxggder via

referred within this.ra ' e Si.i .
o sPSie P e et B TR Ry BRET LR e R pSfion
filttIRA SftefOitabn irRliAd Qitterdd nidtalr Qiteetlewvingnd pergsiet exfrabdyt 50
and greater than or equal_to about 5 mcroneters

migOFEETRIOF yespr BEEFAY 0THe GBI FREIFIELPY it IDAFePFEY
ab&f B Albheldd BEIRE: BELESTAMNL uldrhll B8 ary REHYUBY 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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filtered, batch filtered, continuously filtered or
conbi nations of the foregoing filtration nethods. The
woibisar3imyst em can be in-line with the extrudePComS2004/022194
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e _ex 0 rocess, whil h
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wi&mptlmym&nmsb}veh‘ea&tmhaﬂows fedba¢fiitionbboiumiom distribution of
ronet e S err ess than or equal to
thea%’gﬂ?erf Esdﬁtﬂfgelts aﬁgpggla}eépqu}lgtom ks o preferred
within this range is a pore size of greater than or
Aseiibdd hefeth, ARO LM Dol raEORELEEsShotivhidh golRaller weiganpslymers, for
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109RBCEbAId ndt st @% pROLYERS rSQtWRI oW Kok Alafeight
nprise a wde va po YIers. enpl ary
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av rg!gél ﬁ]%liekégﬂ? tw%lg%t o? agout %%b a 1u y’J"yplcally, 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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de ‘%ﬁl)ghl?’l rg} i nstance, a water soluble catalyst is
typically enployed in the condensation reaction of
PoBRAdAlenivhtizatop hearyiben ediiadiont irmpaluppént hel frequently émiptbyed by

dt 05/ 023902 PCT/ U 20 4/ 022194
chgRon i o B0k QoRBRBRF oF 4 SRR HATMEY G ZHRel orfer
ex g p&@@&boﬁﬁ@pﬂ?%ﬁ@y th@%élﬁﬁdﬂ%bﬁlﬂﬁn&ﬂ dellsp'Héansuch as

I s washed wat er and the aqueous phase is
bisphpenl &t wethtaoligybearenate snah ey diphemd earben%% gy haye a significant

I h an
t
nREL B E0T 5 DeREP ! RrHEl % SR cone
susiethyeroasl tie@ps pﬁlﬂoydsther- fiokctiend growisusuehvdsi edters Dy reacting the
separated in meric an soI vent c onent
polycartivRtR B Saﬁ@eﬁ i glegirapniteg Fﬁafé%nﬁsyghmﬁ% A pid S for
RAAL LA HAridRI SH?Q‘@ NGk lynﬂé?lly‘élﬁcfs&%‘cﬂrﬁa RY¥lveSaeHel 1@#kction
ex%?ﬁbls héﬁo A wth hosé@%e in a nethylene chlorlde-
with benzoyl chloride and an a01d 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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primary or
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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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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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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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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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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contains |ess than 1000 parts per mllion (ppm
resi dual solvent based on the weight of the sanple
woOests@d39tn some i nstances the anount of resi derai/us2004/022194
solvent in the polyner product isolated my exceed
1000 ppm The concentration of solvent in the polyner
verin@ Gt feeddr Idobah@sfumétidn tbhent @lvedt bgiore &ont e ckeedtr. Such
rate and the extruder screw speed, wth |ower ratio
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[adi ng ; AL I Bbi 1
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extiief RelefisSWRR LR HadlallY of 18§ @&voR@liv&NhoBRfr Iadathe product
poly(aryl ene ether) having Structure I. I'n an
ematgee rfrvan éhe enyedtic rdnitfacet #ea montpotndndope!wstia npdtripke r When
pret et P RAL ARBY  Bl PLERL sovtagens

to prisdeardri aldityorfal @etreder tak¢BNind tonadaptehdlsavdselements of the
containing at |east two different polyners sel ected
extrydsnte ECHH® YEOTRBNEPdRS AgWarstisanydalisdipitedong the barrel at

whit! %@:aﬁggﬁlggllggﬁxgdgge%dz st fmﬁﬁer RV ¥6AbKENY lvent downstream of

arona (arylene ether)s. A particularly
theproaf-entieg sidk derdler emiose ojatiley call kensihingaoniimat ey havedeen

ol rylen t her).... . The pol r-salvent .m Xt ur.es
BBt &F e B RhaT eiadn eae SBTGies 2U4E Aha Bt A potymer
to BRle¥ghds. These sol vents include hal ogenated aromatic

sol vents, hal ogenated aliphatic solvents,
non- hal ogenat ed aromati c_sol vents, non-hal ogenat ed
Asgmeniteaed abays) the gdditiong] polymseantreduced iy the compainsiing sterogpay

incgllf(%gﬁgﬂroq%éﬁér}fﬁ%,? %J’ah%ﬁxﬁfef t Eﬁl%/péfb&{att@ Qster, 3. pl?ley.(arylene

obenzene or ob ene and the
ethdion ahadlygedat & gobroitEe,i € poyesters rt solgsudfont,| upolyathedketope, a

ol uene, ene, anisole nd the |ike.. Halogenated
polyfnia OLIOD: 2 GoPETOPare BB R b SRaIS) and a
comblrafibg é‘énuﬁﬂiﬂi@g S104sPbnelofAh 8t ORI HABE; ardinte like

i ke. Non-'hal ogenated aliphatic solvents are

illustrated by ethanol, acetone, ethyl. acetate, and

NonHémitingeexamplesnel diistsdmeBide, sitiefe PR Ao Supinyps fitpedngifica and
[ a Wale ] [:1d bl .

oG 5 SRR 0 oL Ky Sl s
napadlaysporgsmiclayst a cambihation opingprising aé lestusherof Wiw foregoing fillers;

fg%%q%r conprises a non-venting side feeder. A non-
and M!Sy side feeder differs fromthe side feeder

menti oned previously in that the non- 19

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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WD 2005/ 023902 PCT/ US2004/ 022194 venting side feeder
does not function to vent solvent vapors fromthe
wexoeswdsean2 Such  an enbodiment is illustrated BgTHISE004/022194
case in which an additive, such as a flame retardant
or an additional polymer, is preferably introduced at
abautp@.0001 & abgnttlteweigkt perdatt diahé eksitbdvauiitiveanpreferafdp ibout
or all vents .that arefpresent on_the extruder barre
0.9Q8 to ploytd it nsreeaipfianeesirehaddii¥gst i ve so i ntroduced
iIs mxed by the action of the extruder screws with
In tAABIHRAEIbAHMEND thE Ybly¥nABYREAL hixt& e dn R YRS c@ﬂgriEJ‘ &t least
product emnerges fromthe extruder die face as
ong dieo emdledatded sy mes adslitiest prrdr dd its Wismductiomeipéy thagxtruder. It has

conno ol ric ri.als.in this nner. it ig at
e FREUIT IR R Ber b S 6 Bl e Polysf e B RM rishire et for
thdafficedns aad diniforadaptibithe SCMmeVilkl6ARRd Sesaftinghsolated polymer
extruder to grovide vi gorous m xi ng down stream of the
profBichtmaiiyng Thtwdowalr MisFosily ofwficc Rokymer-srluenti mixtyrs allows for
' oduced. T r i.se. A
A OBIRE of e ALY St RN, S SRS g, of ey o
couphatli toesongiauhding eéhaifiliengnd polynteatin rmayexi@der regmilar device.

roduced by the side feeder addition of the additive, .
ARPREEES. s SIdPEPBRaI p6 PRI TR O R Ry s
didPRsREd 0 BFbviRPENG }taamelaﬁ@uﬁét%ﬁhou@ NeyiRE b hcAdHagdmeRing

t he conpoundi ng step gg¥ i nclude a polyetherimde, a
ang sPypavisirgelithe golyoiey et Bldarafter distisolation sgeplhpg eyl penkormed.
)., ol ] yaryl at L _polye r, a
A ey BB AP o8 PRt SR BOLN Rl ey o

copployiiding itdn pokyisudedisan enininipOihy (Rhikastyly dtigmdliags. and
a conbination conprising at |east one of the

foregoi ng polyners, and the |ike n-limti . .
In @Qﬁﬁ%ﬁ%@%&fmﬁﬁq wwgerrwg‘re&a@vgm feaﬁ%&wa@rl,se LRgpiggrystalline
pol#e&d s8tl iali@nd crfdiMBhal Joi8ted dnldC8opdlrbhers. 9! Af@ble liquid

fi bers; carbon bl ack; conductive fillers; carbon
cryséaiisneu pelymers anod clesyyided oingBiio cPaty fNosa SeBibiNatd, bl .470; and
4 éggyy sing at |east one of the foregoing fillers; and

the 1T ke. The anount of filler present in the pol yner
can range anywhere of about O to about 50 wei ght

Thedilkenindakl@tivesithat heyy betdapewsed ghthe pblyhlee-sclosasixtiromay be
preferahly fromapout 0 to ahout 20 wei ght percent

anf gE ot BS% ra @Cﬁ%@l FHARUIEDSSIEP 2RPYE-not 1 i t ed
to, colorants such as pignments or dyes, W

PobA&id n#Rérfuls M@K a6@nding et bmbld ideebed [IRATh NGay be
agents, and nold rel ease agents. \Were the additive
trangfopned gptoprpsedulc eriiglent dicasty, audnay besblerded pitbders opeypore

adG R4 ?)Slymers 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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20 WD 2005/ 023902 PCT/ US2004/ 022194 about 0.0001 to

about 10 wei ght percent of the desired additives,
wonrefs@eadoby about 0.0001 to about | wei ght pePCemS2#/022194

the desired additives. In another enbodi nent, the

pol ynmer-sol vent m xture may further conprise at |east

do@mstrdainl L&ft, audd eide Feedegaflicr@iN@haslide fdeder goriiiset @ sidesfeeder
introduction into the extruder. It has been found

veptpad theBpsiiecangicspandsie sige-fegder ¥entiaps eperaied at about atmospheric
PRV BPLNERSTINLHS s BLLAIE of arhSBHEAL S v
solvsot ﬁbﬁldthaostupaﬁkate@ rpmdigrodr-sobtent xmxfﬁh@ viaoter upstrsarosveny, the
of the r-solvent. mxture allows fo effi
dong g GCeRE b e SodR VIt eSO RORPHT it Bom the
po%@eﬁ}%oﬁffenteﬂ%&gﬁé ABererPIRABFE X oRAP RN Red b IpbBiner
and polynmer in an extruder or sim/lar device.
andesolvditngl y, a one-step process of
compoundi ng/i sol ati on/ devol atilization is disclosed
t o _pr.aqvi fill &
In toﬁg eﬁ}gfi?g erné n!é 2 feqh&lo k‘c;f ﬁarg{m%gﬁ%l})%& %%hegbggx{h?%gmgjﬁgmg
intasdhcfrigl b edupadhtsed tﬂwymacdoatenommstw@ Wi Ppessure control valve

performed. _A further advantage of adding the filler,
lodagedh e agpfe, frefersyiaghst {0 £ OACE VRGP, i3 pxtruder’ comprises a

do%%’@a%‘ Jiq gwh«t:reinnth@ i febdid (?:Bm'pﬁsésoa quo 'fé@détevénlﬂ Sand&Aferein
history of the polyner. In one enbodi nent,

the pfepsree cewhalemtvenisXocatel betmetre thec@mpldclsa;rsl ﬁlel alftmfeéder vent;

relB8¥1§S}1‘g§P yen tﬁ%xg (%16% Slllg%léetag (Ig:i é)o?)gﬁ?r sgglerglt ﬁ{l ﬁ;tea\lzllet Itl{]eedownstream
vefif ¥&d &hd kide fE&iey RRhES aAblEisslesed b aedyrhér }Ho&xct%m the polymer
5, 324, 795; 161, 470; and 4,664,972. The fillers and

solyglh XL t\ﬂ&relmtbe pelyaics sl sigmiHUeheo R SpRngr PNGlofRd 2
someﬁ{ Hﬁ(? H&%mk}ﬁe B@]%epf:m{l%‘gﬁ%g mg?%ﬁ%ﬁfl@éth&l?e addi ti onal

conpoun |ng ove terial's isol ated
according to the nmet hods descri bed herein may be -
Intanansfmdmeeht] atsysteasefonlseparating @g;)o}j'imeecftdny a wilvamhythpgystem
bl ended with on nor e, addi i onal
copprgiir Bt 10 e Sn Sobrace el eth bl STSH S qimgyice =
suP QARSI ES HbIPMeABYI it Gnix BXE; fdiﬁé)@ﬁdﬂieﬁlh&ﬂlﬁnulﬁ@éﬂdﬁll With the means
casting nethods, and l'i Ke t echni ques to. provide

foy beatine amoﬂmrwivenhp@@meower@!mmlﬁgcqt@nhe@@lyéw lpast pge feed
r I
PRI 8. RIdAg! ol viih H8IHerAbHEA itk
m f Pgﬁg e &{“Fgrsent A et %Qgeplar at ?’n aerpo e
mi)r bmmrcsia)baziemto dmmrtrmies the rkiradbu bieing ajusped rvlmelaa‘e@ast one
g/rrer 88 Vec\']}, mxture via a pr.essure con rol val ve '
upstre m 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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| ocated on a barrel of an extruder, wherein the

extruder conprises an upstreamvent, a 21 WO
waQen/a208902 PCT/ US2004/ 022194 downst r eam venPCTAIS200a/022194

side feeder, wherein the side feeder conprises a side

feeder vent and the upstreamvent and the side-feeder
intersatt the barog ef diectktmtieradblowtin@fomuispiesdge of psleas waporaiederated

. the downstreamvent is operated at subat npspheric
in PR B DT S ASIETBR BOF Fesipt WL QB RORdes vent of the
sidkabyd®er - sol vent m xture via the upstreamvent, the

downstream vent and the side feeder vent; and

i solating a polymer product fromthe polynmer solvent
Meangt fgr dreatjee p e By meresoheshny mektuso Ity @nevids »t heatedconpupedested

I v 140,00 nbodi ment . a _net hod
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alli oftwiocugian gr mag upireheedseizadobytrierss ahd/plikel xt ure vi a

a pressure control valve |located on a side feeder

attached to an ext.ruder, wherei he, extruder )
THE SHTG 48 G HRALDT S YO MEnS e e e o My dsoheBgixture

m&OPPhitHaSs@e® | @EnbLEARM VER ude@RAWMASER co-tdbfing extryder, a
pressure control valve i's | ocated between the extruder

singirisareie exirederf aadarsle emew recippeatinggxtodarent from t he
super heat ed pol yner-solvent m xture via the downstream
- j fe oand |s i Ng.a _pal ymer
rigEEt 1 30 2 B b o B BB PR
mthx:)(y neFigaed Ve ilfustiatel U sy@t@ﬁﬁpl ahé es rAethed YowRIprigihg & nitrogen-
sol vent, an erejn_the polynmer conprises a .
ProsgYRACSy yﬁ%ﬁfg fgﬁ}h@P (4 EoroWé’P g0 i RRAYRCT-selvept mixupgyra gear
puiP@) &6 HenBinR Whey A8 tufe @BhS 8 AoVeReter (BEa ?efa? Bkchanger (4).
conprising a neans for heating a pol yner-sol vent
Thei heayrexchangef erabdes heat (Pbvo deodde superdikatesld polymer-solvent

pol r-sql vent m xt.ure: an.extruder in cojmuni catio
s O v oo by WRaGtoRer & sbit e QiR ng Rhersep v
rethbee paioMBieCAiguditied GioRD thél Aupaihehted Polypne-sbRest mi-ih@t which

preferably a pressure control valve through which a
Pagsss hrayghshpigasire sankiol velve Ryanga shatt cemrestng pipedO) ladhe feed

2oBX ! Uf1Rin- LRy SXIDHECT 0D Th Dl CHUPRRA M BB AlpdiRE! (10) is
one upstream vent adap ed for operatfron a
equaipped pitk mi stdeofeedew [ bt rand pitevgen gps edatsi(12) amd ¢l 33t Upbteest vent

ne .downstream ve dapted for, operati at
(e heTe e S i Emciiee SpTR nets § B g lasaled gpbarel
1 @iellentiaRe eidei fBede® (TMINfeEAdiQO YW THe dsbshifX bEIVER vapbB]18) are
side feeder being equipped with at |east one vent
capiyEgdtiach $abvens ﬁépca:tm@mfoaf (14D reoBRsstad to appondenser (20) where heat

(5)S ﬁb?etn{@/%H rb%ﬁ' gol‘{?ern?gﬁbr fs %ggve?%p qﬂ‘(%l’llls%'e% (l)l‘e Bt A F(‘l 7) the
pressure control v e throug

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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whi ch the pol yner-sol vent m xture may be introduced
into the extruder via the side feeder. As an exanple
wofo0svas902 s neant by the expressions in comunPCaISLNN4/022194
with or to comunicate with, the side feeder is said
to be in communication with or to conmunicate with
vert (808 XideUdeder BRERUSO) tdeateliany Ble side fdeders) ldealiimgddockisg41)
understood to 22 WO 2005/ 023902 PCT/ US 004/022193
adapfpdelios eBriuRHEsPig RAYM e cpEcd By SIERAN S R gPIropide fizeder
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co e o R O B e Ry T PO Hesitd in
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diefdcaglSeels prevanti@si papcatising exdventdtey diseolgratios df tredp@ymer

illustrate t exenpl ary enbodi nents of the disclosed .
pragye &Rty Heth é@%ﬁ% IO | AL Qa'%‘ﬁgt%ﬁ)iﬂﬁlam
de@g{@a&tﬁ@& t%ié}%)g{ahfré BPthe p?éskﬁ&ﬂﬁfb‘xygérﬁsﬁﬂrek&ﬁﬂle, PsdtRGimides

t ank for supplying a polyner-solvent m xture,
andpolyénhenygenepethay) frerknowmpory sch¥tivg i oyger labbigh tempergiyre

ter (3). a heat . exchanger T a
and Bl VEFh pER BORSorti s o SaPE e GARAGERy e
takp@liry 6ider ©ahinéhize the cohbdrra(ion of\bky@bn lirsthk ek @edkr byt tb hieinimize
action of the gear punp through in-Iine filteég (7) to
they grpovarepal thee BPtaPAymeh FrICEEIBg T e e trediiefifise 48 oxyeen

indRfeY %5@%@%%?{&@“ fty ;oq t‘g@ieg(ﬁad&a@ﬁﬁsclﬁdaﬁ%uglm Qupplying ethe

pressur ntro alve (8) a short connecting pip
cla@i®ng vatlt dpositeegreszar @f oftrogen winnlosing avithextquathgrsuppl @y with a

havi ng screw.desi gn,(24). Extruder (.1 i S. ui.pped
PoRYh PSS T FOEHER 055 SR heT FBoe ks Hhipd s G Sty of
ox @ dub3io- thoRetise dMie Dicuuinl dntanghcRstigdRe fegeflesxti@at in an
15) for renmoving solvent vapors (18) are |located o

endJesure supplied valh 2 Pesitive @respere of dbegen( and the like. Additignally,
SeSRREFE ke o8 2RO DA SRLY DR e
theaexaaidee NBegastia mayhier effdvealt in o BJrietys of waysy dok @vachple sparging

solvent (21) is recoyered. Downstr anupf barrel. 4 &%Zb
they BRYER QAT IS TN B BhvifrisE Rt BrIF TG PN BYOHLYe
pré¥Biit o8 8]t (89 the vBRENRNdiRg tRPol@ERE-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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barrel 8 (30) respectively. Downstream vents (22),

(26), (27) and (31) provide for the renoval of
weabosansoonot renmoved t hrough the upstream vent BCT/US2004/022194

Sol vent vapors (18) and (32) are condensed and

recovered at condensers (20), (33) and (34). The
EXpaMPIES 1 gudaduct (35) energes fromthe extruder for

peIIetization and further use. Figure 2 iIIustrates a
p on of t ste ris truder
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th‘?ﬁ’%’éﬁ’@@te@ ORISR0l BNt i Riss Was ln@pﬁm infe th‘?}l@@’r’”&é@ at

hi gh tenperature in the presence of oxygen. For
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are known sensitive to oxygen at
frane nﬂargataumnt afsbldent ken smgs sieplahy pdvading eaapcdymi:nip triaterial,

rese f .0 en. ps which nay be taken in order
l?glﬁﬁﬂ?§¥§%ﬂ¥ﬁ%g8gﬁﬁ ﬂﬁratlon of oxygen in the
extruder, or to mnimze the exposure of the hot

Expaipysrar mﬁep@pﬂ@df {oo il ishetee ¥er wa&emodl sf ac @on@h@M@enether—
i ncl ude: wrap g external parts of the extrud

poasa@@erk&enéin@mg ylidgorohenzees ARy i ‘&Qﬁ%bpsasqlght\b@nd of
pog{]j)ﬁ& 4 % e%er QPP@OQ 88 1v &P gédv@é} a%ﬂeﬂ) S DRUS 1A El% ctric) and

positive pressure o I nert gas t
pobetgwmn(s:PSf I_BEEO exditabtbe fromubhecon Philtipe Chratroal)ovas prepared

o gatond Adloiie Hossp °8Té 4 wediHel PR 25°0), mitrogen
blgkeRY] i§trod Er'ﬁo@ntp@lsiéagéiﬁ PIRSODICB 9blventt a08HddedalNsd bHghds
i ke. Addltlonahﬁ%% steps may be taken to degas the
POy

(7p61l§leeramsdkgB i éerpando%otmundss(luoﬁt%lﬁg)LRme@n tq make a
sofu:ﬁ%n %éﬁtraﬂlgrg% 20 5%&%{715 ‘b}p g«e[%xY sgﬁds‘?f 'i“ﬁ"ec E&th&p wWas “fl@&%& % about
of "ways, exa ng

e spar
170°C and gravity filtered through a S5-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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t he pol yner-solvent m xture with an inert gas and

thereafter naintaining a positive pressure of an
woneosto2spms i n the vessel hol di ng the pol yner - seCYaIS2004/022194

m xture. The polymer product produced may be used for

a variety of applications and articles. For exanple,
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SohTRhSHTudeE VaseRFraipd aldhicot Soee o4 apRitds Fg and at about 20
peRShYdR/e- t§1Q1T¥e‘TBe XL WRRicl DA UtERGath R Qvew@zl 299, 318,

ext ruder data 1n Table 1 illustrate t
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rom a t of so

Ch?ﬂ)l&?}llg)ﬁ B%ﬁ) s{eg X ? 1bernhva)|/1n(%12{] gltroggn fiRe %‘apted for

theS bbisifcRE | lairbdmcﬁble %qultr@gﬂnvgstbef&aeaml éuringnge Pphepara&doval
to ill ustrate the isolation of a pol yphenyl ene ether-

prsessy sthe evad 51 ‘é/ﬁ%l furthehetipprs- dtibeHE b 3B dde feedeiamsitioned
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er aval rom Gener ectric)
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Al PPy Bt 45 SR E Pt SGC (SO0 A shfed with o
sindld 4tBf8Pheric 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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bl anket ed, stirred anount of reagent-grade CODCB
sol vent was added 160 pounds (72.6 kilograms (kg)) of
woOR®spaswer and 240 pounds (108.9 kg) of xPS, PoTnsk®4/a22194
solution containing 20 percent by weight solids. The
sol ution was heated to about 170C and gravity
Wefré: lsﬂhﬁfaelg} adpted §r sdlvennteco et ¥entsidzd, §iahd érwdragquippédewith
filtration step was conpl et ed ortion of the
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lodtett %ﬁns@@@rﬁgﬁdthfe RN ks Bﬁqiarr@ush@diﬁqew atd BRSIL9, and were
270-280C and was fed through a conbi nati on of two

opgiatpdettepcin devels (of @peut( ainches) of mereury it lemillineters He) (a

r f 5
P AL LR AP SLAEE PR Ao B b GO Bhow 0
inéhiesl opaetcunul7a? esllimdtdrs fg).he feed sol ution. The
tenperature of the filter housings was naintained at

a 80C. The filtered | yner,- sol vent n1 S
SHEQAM A 0 5 SRepPESELY B O FOAORTROR ' o0REr BF Disdasolvent
reﬂnB{/é?ﬂ fnhge gRWBSt reamyedgeudh (ARNE elinch BE (85 HAIRXESH) was

25 mm di aneter, twn- screw, co-rotating intermeshing

apphad iedtée hh@t\ﬁxlqbalmer_r@ewatgi wlesnt zapsutiropo thergmospheric vents to

ovh RHREHRLH EnClarble $6) HLIORBL) DB BIEASH S ERN Pl Horm

ve Wa he extru
thopks dhed (1atlt aeppeaiirs péeut BfO"@b)Cnﬂtlﬁ?é(tflmlm avué gtanded and
about 20 percent drive torque. The neasured extruder
Pelelizedi tenperatures were 321, 299, 318, 291, 290,
290, 289, and 290C (die). The extruder was equi pped

Awu& h @0 chRBad (4911@@%&9@1?&@1&&19&}[ Qﬁfx”t@e dontdifi®g about 40
cl osed chanber having a nitrogen |line adapted for the

pevasnt bp| weaighti oft Mtﬁlgc\wr@rpr@ﬂar@ﬂ, tfirltfg%ha@chssc’;!ﬁéﬂbf@r g trial and
resu"llted Igalgpqu&n%téf)? Ibo pglq?(}/sa(IISI 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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process. The extruder was further equi pped at barrel 2
with a side feeder positioned orthogonal to the
woaoosak3wt t he extruder. The side feeder was nBCT/US2004/022194
heated, had a L/D of about 10, and conprised two
screws consisting of forward conveying el enments only.
Extimpilté. el ravidtal @BCRAIS pfovidedtas @newtnralgd ef tvbc&te@ﬁiuns bhed on
si de feeder ped wWi.ith a single atnospheric
03 3 (YRRE. 1)1 PRI SiERg Jak HoHdes: fiebpreie of the
Jlﬁﬁelséo@\eent heedR! inBE Fe&hik 9uarbel A AEP PI\éQtyEic%‘.’\Tcg” ilfcates
extruder and away fromthe side feeder vent h
thextempdratureas’ fher phlermeesmvm echixtinteh afievo pasdatiet ittonagh the heat
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(vent 5) and barrel 9 (vent 6). The th

dictiss fscempeiatiie of theywl fo thenlead gx¢hangsr. aB@s@n@ QRCBHy GC
OB Wy SO 9, ER B G
inr ésod@iboldtilines ,polynmnidﬁnsrﬁrg pei(tbtxlzamn dnd obasedétermined by gas
recei ving vessel. The vacuumvents 26 W 2005/023902
chEIPE3B%/ 022194 were sinilarly adapted for sol vent
recovery. Vents 3, 4, 5 and 6 were equi pped with Type

Exanipls @r #as pNphted slmandy & WRAGPROL, @ﬁyls@ﬁ@%mlhba@nyem 10
insert. The extruder screw el ements consisted of both

pesesAy &Y Weieht sphidst §01afﬂm1 I@ﬁé)é’&? HBS wisepmpersd by Icombinitg 26.7

po?lg@% gﬁrﬁ' f\?\g;)g!)fagggtﬁé/ p %?C(m@)oﬁgaesr(lqukn% f}? szo% grade

rmar eyi ng el'e
xPshwitti QIgCBIL eﬂmteSultmng i placdeudby‘i wieedht sallids soﬂtﬂfdmawls heated to

flighted and rearward flighted kneadi ng el ements
abguhy Eﬂ&ﬁ@%ﬁw@“’%ﬁ thrpﬁgglq BarPErameten sge i ?tS\‘ bggelhe filtrate
wiohbHRiatedkd 86l1AOIONREK P TS EIIB0 s Al PV VNS oDCB

neutral flighted kneading el enents were enpl oyed
byedistillatien. screws were equipped with nmelt seals
consi sting of kneadi ng bl ocks made up of rearward

}{l é(g{}ﬁcgld \&jﬁg%glsﬂ rh%teemtassheil[ggd q@rle hga%al r%d WS not filtered

oca at barre , he vacuum ven
thfoﬁlghheﬂnﬂmwnsﬁ oéam sihtekdiemsnl filtse ghidr anisblatioe bf ﬁl.e polymemc

barrel 7 and barre] were operated at vacuum
Mg ’léo%ftg%%?ntzslsf’ﬁéﬂ’é§96?6 ReERG mpafgrial 4 perEr@ed in a

2550 - di et AGH g&@@uaﬁrdtﬁmgqﬁtehﬂgshﬁﬁgt éxtl\ﬁ% 210 B&fes (L/D
absol ute pressure, wouldread ab |nc es

= AR, @u-Pole 7B plaitd; Iamd”@tmvgatﬁ—lgyvo Bhelhich am:ob— toghted pstream of the
as. condens erdsﬂt o, e

N N e
dowvals@etm bf itieCRedigoft 20d Whbilatedal @€15tividy hidSlevels 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 connected 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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applied to the heat exchanger receiving solvent vapor
fromthe atnospheric vents to evacuate the sol vent
woapsrie39The devol atilized PPO xPS resin whi chrPemeisgmd/022194
from the die face (nelt tenperature about 310C) of
the extruder was stranded and pelletized. About 1000
the &g d PreesRngsedagtions fpoExyample ohn datfouridxindiable 1. The residual

t-ai nir bhout 40 t. b i ght, of lid
OB R PR e e pecins & PSP BRS¢ (1l and
resulted in approxi mately 400 pounds (181 kg) of

TABLEdti zed PPO xPS. The process was run for about 12

hours with no interruption. Prior to the run, the
Aoy o thorough! C! ea_nﬂd b‘lll subm._tti ng the

s u‘:s\éfutio"nNUM S; . .
screws, vent port adaptors, venkedwnsgkhs, die
Exprenktd/ giledt e t Batgfora B4 sahd(6at pnd t h@areX Tempefetures (C)
bar r ell(ee/mer e brlushed prior to } assenbl y. The vacuum
vents|ran cl ean throughout the |run, as |determ ned by
visual T NSpectjion at teast evary IS T {Hkhes 6 hdtHoo
'the 12%hour |on® run. OM'Y one [fTl ter 9&%@3‘6 ng was
used for the entire 12-hour experiment. e
di-ffefential pr cross thhe filter was constant
2 throughouss t he |sun. Tablsgs | prdyjodes t hel'prGEELPRG
data for 27 WD) 2005/028902 PCT/ US2004/{822994 Exanpl
1. The residual] ODCB is|providgd as an laverage of two
test runs based on the sane sanple. "1 of Solution a
Feed Tank (C) indicates the tenperature of the
ol ynmer-solvent mxture in the feed tank. "T Feed
ngl?lf%nl GRIMETINGER (O" indicates the tenperature of
t he pol yner-sol vent m xture after passage through the
heat [ exchanger]. T feedyat the P-|yalgymasg G T ndicate
exhi}f t EnperiatonrgT td fireiepdl (et thedgl vent nj X iResidua tODCH
pr €SS [Fe@ TORIFCY Qhxchaicye. Mivddeat i ng O | for - Heaic ppm)
Exchapger” indicates the tenperat|/bt®sF the oil for
t he heat exchanger. "Residual ODCH by GC (ppm"

1 provifdegs the anpynt, of r 3§d_g%1al OOCB i n par i58qere. of 2
I'n

147

D

mllipn (ppm remal ning he devol ati |l i zeghspol yner
foll owi ng pellatization and was ddterm ned by gas
Chrompt ogr aphy.[ Exanpte 2 was prepared—simigt] Yvd Q7 2

2 Exanp|'® 1, with sone nodi-fications: A 10 percent” by
wei ght solids golution of PPO xPS |was prepan&d
conbihing 26 7! pounds (12 1 kg) df 0.33 |VIPPO powde
and 40 pounds (18.1 kg) of L3050 grade xPS w th ODCB.
The resulting 10 percent by weight solids solution was

Exhmateed itlostrates 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 rhay
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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about 170C and gravity filtered through a 5-m croneter

size filter bag. The filtrate was concentrated to
wahoost0230020 percent by wei ght solids sol uti on BgT/US2004/022194

renoval of ODCB by distillation. The solution was not

superheated in a shell-and-tube heater and was not
sofutiohehﬁxﬂgh ther eughleathrombdowid fomothe oo githbLEREM Al Both

ers prior to Hsolatlon of the polynmeric _nmaterial
"fai‘ SEVIde R siod P&@F&f‘?%el’éﬁeﬁaﬁaéloﬁa PREME fioar @pqlygnt.
was performed in a 25mmdi aneter tw n-screw,

THeOmveAt®dd REk b@é@ﬁ%ﬁhéd‘% Qi’éﬁa'ilua/ﬁﬁ RN ge@ergl‘?crer@ Erefened
L/D = 40); a 2-hole pl a and six vents,

d@hemiértberp@fcémédt wpkltbeeandmtoodméay flweel sbdled lzmndle art that
t er S an the r four
B TR AR SR B o

inogneioat ed at relatlvely hi gh | evel s of vacuum (about

28 inches of mercury (711 mllimeters Hg)). The
heric vents 1 and 2 were | ocated at extruder

A SR Pt st agplcpfiensy sadieiher tiTEaeadrs BopRPTEG Berein by

rekﬁgwgﬁ{ﬂ@g%ﬁUmbfespect|ver The feed solution was
added directlyto the extruder at an injection port
| ocated at the downstream edge of barrel nunber 2. A
side feeder; operated as a vent, was connected to the
extruder at barrel nunber 2. Finally, the extruder was
not cleaned prior to the run, but was purged for sone
time with the sanme solution used as 28 WD 2005/ 023902
PCT/ US2004/ 022194 the feed. Processing conditions for
Exanple 2 can be found in Table 1. The residual CODCB
is provided as an average of the results of two
sanpl es. TABLE | Sol uti on Mass Exanple Fl ow Rate
Torque (%9 Melt (C Screw speed Barrel Tenperatures
(O (kg/hr) (rpm 321/299/318/291/290/290/ 1 32.7 20
310 575 289/290 317/289/289/290/290/290/ 2 13.9-15.9
20 305 450 281/290
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TABLE 1 CONTINUED T of Solution at T feed after Heat T

feed at the P- T Heating O | Residual ODCB Exanple
woéeeawd/02zmk (C) Exch. (C) valve (C) for Heat byPCOUSp@AR22194

Exchanger (C) 1 160 270-280 280-285 310 2586 (avg. of

2 runs) 1550 (avg. of 2 2 162 sanples) Exanple 1
Whatligskiratdeis: t he application of the present nethod to a

pol ymer - sol vent m xture conprising pol yphenyl ene

B e MR

pol yphenyl ene et her and pol ystyrene iilay be

inposdic@ns adsuperiphaed | siyinsoédved RRkYBN@NYh €&ruder, wherein the
et her - pol ystyrene contalnln% m nor anounts of
p

extradsT ¢QHIPTISSS| Apapsireanx Henlaad 2 dopngiteeraYes anot her
enbodi nent wherein the solution was not superheat ed.

rerﬁ%w%@ QerktTrdn he' B élﬂyﬁlad ?&g?ﬁ%n g%{/éﬁ ?ﬂ&tﬁre dif ?Ilé%tsﬁggn vent

provided the separ tlon 0
andtreedovpsirgan yergnand r om ODCB i n one step to provide a
pol ymer with m nor anmounts of residual solvent. The

BB ol 30 L R SRR

2005/ 023902 PCT/ US2004/ 022194 sol ution through the

wlexdin mldaepsolﬁhat—sdh‘a‘end atikfuee Eoneptisehe pblyawr bad @ sefvelX &iiBteth the
rovide a nethod for the exped|ent

2. Bo Exanpl es
amoughp P‘P Fheoin E’GIRPEBéer%Ob‘f?an%’SPKPeIﬁtIGSS'Fh@ Pheds topbout 75
wdidit eeeht 883ardad i I8kl of%c}@nm{&d g&b&ﬁl {lﬁggvh&%ﬁlethe

to preferred enbodinents ther but
polymeieisa pdu(atyentetatiee).skil | ed in the art that
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th cope .af th invention, .All cite
2.1t AT hbihof R eRERRE eyt ue WG T 1) tieafiah BB abaye 750
mmnREeger gtaer hedtebbutilso hef eI 8Hee1dss) dnieiHer&Rtihd & whastream

30
vent 1s 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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WD 2005/ 023902 PCT/ US2004/ 022194 What is clained is:

1. A nmethod for separating a polyner froma sol vent,
woan@riesdong: i ntroduci ng a super heat ed pol yner PE0/US200Y/022194

m xture to an extruder, wherein the extruder

conprises an upstream vent and a downstream vent;
ofis6Rent. ng sol vent fromthe superheated pol yner-sol vent

m xture via the upstrean1vent and the downstream

vent; and_i oIa ymer product _fromthe
S uth?éa?@a 96 |C[ﬁﬁégl %rof \féﬁherne%mwwg g the pRlymer-solvent
r t r I
mﬂ r% gﬁt aSg l}éfr%gl ﬁﬂ{aﬁgﬂ Sl%ﬂln?hglfsqpo?grrer 1?% tlgéﬁggly?ner-solvent

InpOHVHEmwsaﬁmémt m xture is |l ess than or equal to about
75 wei ght percent based on the total weight of

poI vent , mhere t he lymer i.s a
8- Dol Y Rl HEM 1 8RS Mt PSR TR e bgchmicss o
plirBBtyWTSroeal veitd ofithe @ARKARE €d at about 750 nm of Hg
or greater or at about 750 mmof Hg or |ess, and
wherein the downstream vent is operated at about 750
or less. 3. The nethod of claim1l, wherein
50 to about 99 percent of the solvent present
s%ﬁerheated heat ed pol yner-sol vent m xture is
d through the wupstream vent; and wherei n about
bout 50 percent of the solvent present in the
@Uperhéated pol ymer - sol vent m xture i s renoved through
the downstreamvent. 4. The nethod of claim1, wherein
the e trud r further .co i ses a gide feeder, wherein
WS 10} B B i SEeh a0g 18 AN AR RIOG e AT Or
se@ndalo UCI—@O afﬁ?l Ofpﬂéﬁyl Ohal@hIRL €lanfhoABAUL hy P& afBeky, or
or |ess. The et hod of tfaim | or 4, ‘wherein the
ﬂr@@aqben@pmwh@@m/ ehieaﬁﬁ fraicarbos atpins rsopargtedthe daldpen and
oxsrﬁéel{ %‘g d‘%a@%?{e nd%vainél?lgﬂ ]I}Jd#ég%%l g&%‘e éra ﬁlﬁ@norvéﬁeéorr]ldary
lopeeskyl, q)heﬁwyl; halbalkell, \hedroantbond)st @i haldhediopsbomxn whi@sin at
IS positioned upstrean1fron1the feed inlet. 6. The
legsh PVHROEATRIN @PS Separals the halggen andhoxygen BMfmer product i s
substantially free 31 WO 2005/023902

9. PCT/ 1922004683248 1 43 Wn¥RM 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
=
\

—r @,

wherein R' is hydrogen, C,-Cg alkyl, or halogen; Z' is vinyl, halogen or C,-Cg alkyl;
and pis 0 to 5.
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7. The method of claiml or 4, further conprising

filtering the polyner-solvent mxture in a solution
woi2bdsrasdoon system prior to introducing the PCT/US2004/022194

pol ymer-solvent mxture to the extruder. 8. The

method of claiml or 4, wherein the poly(aryl ene

1®t heThe m@ﬂnﬂlcﬁ“&&lm 389|V\tHeai|nh the plﬂylﬁélf}biﬁﬂwt onprisdssatdlit 40 to
the structure wherein for eac

ahout QR tAFigt PEESERL P ogﬂewlﬁcgf ciler) Feeahontien te gbaw It grgight percent
r I y

PRITEN, SomsBELOIGAY o e CERIGI i BORS bo DEERL Kby

palpetenyl aaomhteasesit.wo car bon at ons separate the halogen
and oxygen atons; and each Q is independently

hydr ogen, hal ogen, primary or secondary |ower alkyl,
phenyl , hal oal kyl, hydrocarbonoxy, or

hal ohydr ocar bonoxy wherein at |east two carbon atons
separate the hal ogen and oxygen atons. 9. The net hod
of claim1l or 4, wherein the polynmer product further
conprises a poly(al kenyl aromatic) resin which
contains at |east 25% by weight of structural units
derived from an al kenyl aromatic nononer of the
formula R CCH 1 (Z, )P wherein R is hydrogen,
Cl1-C8 al kyl, or halogen; Z is vinyl, halogen or Cl-C8
al kyl ; andpi sOto5. 32 WD 2005/ 023902

PCT/ US2004/ 022194 10. The nethod of claim 38, wherein
t he pol yner product conprises about 40 to about 60
wei ght percent poly(aryl ene ether) and about 60 to
about 40 wei ght percent poly(al kenyl aromatic) based
on the total weight of the poly(arylene ether) and

pol y(al kenyl aromatic) resin. 33
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