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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
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DETASLEDESES CRIPATOBISOMIEIREINVENTION

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

clearly dictates otherwise.
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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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port of the extruder is typically run at atnospheric
pressure, but preferably at subatnospheric pressure
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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;'-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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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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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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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
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determ nes the residence tinme of whatever material is

being fed to the extruder, here a pol yner- sol vent

: , r PEES r

S e s S T R
aboyh 8rdac t Eari exemppls, she sitiat dfofesdirgge e sevewrspeekwhewmt the golymer-

solfigh Pt B 8 Beeefutetbsimo N B ot LI oA S ot nto o
extiuder BABE 6fkrate 400 re X T.UTRE maRinkirh @6d AR fd3@ Wites and

(kg/hr) to the screw speed expressed in 7 WD
extnggsyeos seeedras despoined byameng atlsy drgiensdhe sige of thesyirader,

( 4 .
the geféfh iy boing g B S8 B0Hhen? o BliEhAR bt A
feed adtes. t In erembeipead thé exteudeh epgratiomidrcharaotevigsd by xdtior & a

IS _being i ntrodﬁ}t):ed into the extruder at 400 kil ograns
feed zate i HOGTHNY PEHROUE @ A GEIUGSE SHEW PEThINg v alptionsoper ppute,
theirftid beid Befifoth TYHIANGC043 HHdBHBL 8801 88 8RerBi enfoolbdR the

screw speeds are determ ned by, anmong other factors,
extruder gpiezationfis chesaassnized dyra, ratio hea fred eatalin kildgrame perchouhto an

exth S5l dBes b ShEuabalSort AR K Bt b ARER R OO

and #boah@4scteri zed by a ratio of a feed rate in

kil ogranms per hour to an extruder screw speed in

revol utions per mnute, the ratio being between about
They SyB ™7 Oaﬁleef1594s<_?mpﬂseaﬂ copfensHg SR deft @R golvent
renfdVbd YlSke QRGEahI VR, IddwhbRaRt V&t ARIbrYdcAfebddrivenOf TI® vents

feed rate’in kilograms per hour to an extruder screw
may jhe expngetede teo b isplvenis rapeavahiand resoveryemanifald comipiging solvent

vargf AR PR, pidoe A CRENE, Ry PR, B s

collRoliotesyistent Rifowveth thy attheapbs hisedanneifedt the dolvaiire&a®dty via the
vent, and/or side feeder vent. The vents nmay be

Velnnected to a sol vent renoval and recovery nanifold
conprising solvent vapor renoval |ines, a condenser

In 8Ad etolifttnd tBO!sMBhedt&F ?bWsMﬁéﬁehﬂxtﬁfy paRby @bugh the
col l ection systemknown in’the art may be used to
pregsufeceomtrohealve infe the feedbznnerof the extruber, whinhtdue to thegpresence of

i rh ] .DQ [ ,Sol.yent .m Xt ur
e SRR TR A MR Bl iy o
atmogysitériz opiessuke. t NThe xbivéde presati o th superhédied Pobivsraelvent

.of the aforenentioned,vents (upstream extruder vent
Mixig/ Yrdesogs Sfl@aeqm gamq equg@naﬂaereby 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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at nospheric pressure. The solvent present in the

super heat ed pol yner-solvent m xture undergoes sudden
w@BGdsosPyy evaporation thereby effecting at | eastus2004/022194

partial separation of the polymer and sol vent, the

sol vent vapors energing through the upstream vents.
remAfiid EORGhbVed M?@ugzxxﬂ{eu @6 ndtaROYERPESEried it AubhiBRSbheric

one downstream vent operated at subat nospheric
pregsussur e, which serves to renove solvent not renoved

t hrough the upstreamvent and/or side feeder vent. One

{ { . U : | t
Thet G SRORRT AL ERbuy afBirlid Ry el 35 3R ubyfand 3T or o
sidenged@ \ght?lﬂet offatp@ 6?@6 E)res&ﬁﬁroé tlebsurroindinpafin tic #3etce of an
bout 97 percent of the  solvent present in e :
appﬁ?fi vacypmydyRisaly. abapt, B milfispetgrseof; 1%%%3%}1%*&5&5@#%%
upstream vent and/or side feeder vent and a
el ' i ther & M¥@n2RRREAR IRAL sid
The;@@%geg/ a&%%%tg% I:r)ﬁegr?glalﬁixsr?gf%’ \s(ﬁ{rée renr)v eld tn ﬁ@%ugh t he e
feedbowersts ordownsgram opet; sy e maintaivad adlsgsiban er equaktosbpet 750

milgeiter! reRve ki Lo 0 SPOF 1 hARE G . e s

medsfred8iatRdudlgahhe Wigss thi€raake,the vait migudipegsed atrpreater
the absence of an applied vacuum), typically about

tharygioeayip] 10 ahee Q0 wm. peslerably greaterghan-gf) cqyal igrabguter0 mmpnd
evel Bilre %P&éﬁt@%f&aﬁﬂ%hﬂ@@% ?(5 bGoR 386 Hith &of MBI vabuum.

I'S an upstr vent, sid eeder vent, or dowhstream
Also evithin ey rangerthé mémts mey Wt opessied ahlzss than o gqialtto abeui 400

750 1 i ers of reur of r ef er.abl
] s 1653 it <apab i by G an e iSSR0 2o o o
equiiad @Bout\WOD hil of MefcuipBHacubiiae vent may be operated at
greater than or equal to about 100 mm preferably

greater_than or equal to about 250 mm and even rrg#ﬁ
In one embedistspt.dhe Hpticampent #hd e federyephyisrounding thy ted inlet

- ) \ .
o LGk iy U SO AP 598 B, o
pressnye girthd epsilehm Veaband side feederevpni bret ssleated and 506hitongd durthg

nore preferably |ess than ar. equal .to about 400, mm. of
PrOVTSTIBE (S DISF o LAHYS FBRE OCMSIRIATER (D e it PEIpRETE of
the V611§, salRdesded 8nd/0H8 EonRAking By stéh BOWAGrcatofitReektiudeet

of the extruder nay be operated at subat nospheric

pressure. In this enbodinent, the, pressure at the

In qngsamiadimerihe RAlymerdelverRienBtuRgdh intipdycedinie AR FVappgator, 2
i ' Y dr A% ecdHd¥xGRFAIE chifceRirS¥ B pENRESSIVERt mixture
dmﬁ%gipnﬁ% o? t’hé rrie§<t ure tﬁat rcray er ésul t ]?nyﬁél oggl ngmcl))f{
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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the vents, side feeder and/or the condensing system
downstream of the extruder. In one enbodi nent the

wpadosoEesol vent m xture is introduced into anpCT/US2004/022194
evaporator, a distillation apparatus, or a second
extruder to concentrate the polyner-solvent m xture

to Bhd Bf tHeOsilid FecldBs! FQU&E&QP of thel PiRs@id ESHERI valU%? being said to
evaporator, di stillation apparatus, or second

comamunigate rwitls ther eftmdabivia g ssideefondéry oMtvmetn@Ja, riti sreposaiply to

ha\}ﬁ Paeg%suﬁ%gt%cﬂ?"%};uﬁ?e{%gfs\pongge %% élnhtgclﬂ c Ve, ye 1re%{ ?m%nmmcatlon

withthid eidider, hivifg erseab adilipie sidefeed@tiach 6awaith is equipped with
pol ymer - sol vent mixture is introduced thr ough

at It PRePrEssyreepatipbval¥it r ol val ves | ocated on the
extruder and the side feeder. A system conprising two
The Pglgmfele ?&l@ﬁﬁ rRRfhrd Wit R BASMHRAGHBIHO Lxt¥ileY 8Smptifd8 a solvent
e pressure control valves connunlcatlng
ancbla pelgmby wihictein tHeenfcmetJofzmiﬁn@fls idsether or eqiai to abogt 99 weight

h h d
perfiyh Bt s EBhel b St gnd oty WitpBofisrFe G MouRt of
poleRebiay 39 Qets Eféﬁ'dﬂ%g@ﬁ"tb QABSk TS wéightQeecet, viitheless ten or equal

eeders, the second of the pressure control val ves

to @@ph@o BarepreTodcmhiens dbaiconiausl to Rbow, 20 RAE Peesmitipsed on
t I | @t

the08F of BTy pll ANER thiif hoelrba, MRERALE, B ned B

perdént of polyorermmy batgrater thart ¢r dgpal texboutde M(lthrgrvatelgthan or equal

|ns d It'pI e feeders ch o ich.is
to S0 P BeF i ch B efeatet ety 0 gsia et el biieeat baseikon
theR&tY. o13§@ér\aﬁatsommtm&e kdfadred.s 1 Ntroduced into the
extruder” conprises a solvent and a polyner, wherein
t he amount of polyner is less than or equal to about

Polymeyysolyent mlp@veséi@enmﬁg@de&sﬁh%@wbﬁ%pere?nt by I"‘Sﬁ*ﬂ'{i selyent are

{ I
at ﬁ@g%/g(g)svﬁs éfrs]'}gfbe g&l]s?\?ét o abou hggoa\/\%%lg%r per cent ﬂed
metheds fohanpaheatigqp ahe pod:ymémmlveﬁ() g tueespr éﬁewuclednstmc@s it is
| ess than or equal .to ab ut 50 i ght ercent based on
possible 3 SHPerBFat fhF LT RNER JUXTITe Y cOBFie FsAp 0T example,

heafing Qhé"pb@iﬂ'ér—%&l‘v@ntrrﬁ%ﬁe ih hee:WRide lor aPRIIeEI mﬁbferP@ﬂ hedlike.
greater than or equal to about 5, with great er

may
The nalrylmr-selq@nﬁlmlxwe awpyhe we{heétpé rbyeueanawé‘ agfirslagxdruden g hhe
a 4 abf, e
Su})t%{)}fegggo#)(’] @%‘g{r’%ﬂg’ln D&ﬁ]{evgn e pr e grﬁrg?ﬂ xtrklié may be
tram¥@nyedethraghve I}iresmwet ¢on@®l Galveringd Bgset@rks dévudatileimgu extﬁﬁler
per.cent by vent re at tinmes tqQo vi s ous 8
coRrigith Oh PREG RO BRI TGRS, GRRoGHy et opstated at
abdtit %555 grlc g?e‘rs]glﬁgsarfdoi sRI4PRENS AohpdisinBe vent bemg operated at

pol yme t mxtures. In such instances it
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
WwWOoR005/02E3903 N a extruder, or a helicon mxer, orpd1Es2004/022194
i ke. The polyner-solvent m xture may be superheated
by neans of a first extruder. The superheated
ThePPbIyARF PPEUUCE RinePBes t f6i BERKGUAG A9 @M dxB@ddte] Shich may be
extruder may be transferred through a pressure
pellgbzedr and dupd defare Furhes eessnd I eomE dnstances ribe @rbyimed aroduct,
|l a t r t S L C: Qr r
ror G 2B o BB RTIRSNTEL S BER en
prefent aisyrcontaimn an amsinteofiresidiad scloemmrlseng ia exesnt ob & ngimum
Ogﬁglr ated at _at nos her*lc pressure. | n one enbqdi ment,
allopblepraoynicwhish TeREers ithe Polyerer nspitshly ok immedigle pifein 2
o t , i ot
per AR BSOS Bl o
resideal sblvent bez lasg) themtabouie Q0 partst peir snillivinobkisedk ot the veight of the

ol B ERORL PowBl i RS R St ke g S rerige
solveReby seffectimigan® bollyhrr pRYdaR o dRVAldRIdnkI &ithdioRXstdp OElius, the

first extruder may be any single-screw extruder

The | . .
extryderrigfonvkich gy rotymperglveabpapie isfirs dpeadyeed may be peupled to

» BP0 805 ol SRmarn e Mnibed ¥t one gr, more
substhmsghetict@tmaspheric eortts fod dltceremolvalcdt mdgudl solvpmtl Tékeiszanhd

and dried before furthe se. .l.n sone, i nstances the
exteifen, sy B ottty colbled tondieareififl SERESECUFGRY rvaidige any
intekR&di4t6 AR IaGleHVESd TEAMALBNGER. ThelQisé @FdEEecwBd eftruder in this

present, may contain an anount of residual solvent

mangef éhespsciphy brrefisial sluring wasietiomnat highoheayiebpureightwhere the
resitiHeg Mk € 3P Hhe pbRncP b MIP mitNHIch AR & [RLerlcfTIPY) BLRS fre
r-a par |cuPa|yapp i'cation, Tor exanplé a nolding
desiagapllove devedroft gidunl sgivéhat Théeeconduattruder nigsbelual vented
sQl vent be |l ess than about 100 parts lE:]er mllion hased
extTBfler G A8 PG P MECTON AOYREF TGN SHHIICE, Acyrofpd twin-sorew
co-ljg]ﬁbﬁhén&&ﬁldieﬂ b SydRss islofe-ievl USHRRET, T 6AUC SehiBE e{iﬁglgjscrew

] residual ~ solvent by subjecting the pol ymer product
reciprocatingaeitiiudenn dihedigin ysitod extrager means, ant ¢rdrudex possessing at

nt o .whi ent mxture is fir

' th ol yner - sql S .
teast G st e Bne S GPho PR ateshite hesbbatpppgpheric
presS@RONWIRXS thedextridiet RemPLsHs P thratity ofovats) rsonereents may be

subat nospheric or atnospheric vents for the renoval of,
operagrs; @l AtmesbeEat preswes Jdulsn @thers ar RTatRsy ab SubptgsPReric
pres%ﬁ’x‘épl 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
w@odognE9oi n the initial extruder is insuffici edT/t$2004/022194
achieve the desired |ow | evel of residual sol vent.
The second extruder may be any vented extruder such
geometry OYQI'SE el M be oYY $104t8d, edantiR! Statl) Fla Xk apahRnd,2or the
vented tw n-screw co-rotating extruder, a vented
likesi ngl e- screw extruder, or a vented si ngl e-screw
reci procating extruder The term vented extruder neans
r
Thea&reﬁ é&% ngﬁjg tsggﬁﬁ&t? ¥ ﬁjtrﬂﬁmash/setgflngi"i’lférr% ? sg P36 v¥ %‘?'émy LiD& it from
abo&tuﬁnal mnsmlrrmters to pbas 00 em:chesters; megnembr u&éthm Glmip rarsges a

por S o SR B 0TS0 ST s e ERFAGA o s

thar> SPEAP EPRIuk 00 HRERBIMLS prdfBrréd) Ul 96ss REAT & R to about 15
enbodi nent the pol yner-solvent m xture is filtered

mlcmemrrs mere p@fermdt rdsuprefasred \mﬂ@ntﬂhé Tage i pere Srme)f greater
yner i xtur y.h e [ t
thargr? Elle&ualafq ea:6 't | n 81r%e{s%’pe ﬁ‘eﬁ g tﬁ%‘ ggt gn‘ple?oataa?lg 3
micneAére rmbfbaprdfd?fedb(ahﬂl figatpoithdn of equikietos abotsns .micrometers
Filtratjon of the polymer-solvent mxture may be
espegidlyrefededs solution filtration. Suitable solution
filtration systenms include a sintered-netal filter, a

The né&kﬁef Sdib &t mﬁ&tﬁﬂebﬁfay b lokfRhity ﬂlt&@@ebregéulré Slterad, nﬁfcﬂlhm
Iter, a pulp filter, a"ceramc filter, or the

filtegdg batcIT fidgered) comm@rsbf fitsebor eohiugeos nf g farggoing filtration
Ve Of 1t he f e co c
e STV St B TR HE 50l 89 St e
can Bt ubdioralowr Inilﬁe ﬁltbﬁs liAkérie3 op yatatieh fAdcﬁtﬁfrﬁllygm/siii@e ﬁltratlon
any size rang from _about 0.01 mcrorrg .to %é)
Step1RBY P QISEHE AV ord?orgrfég@téw sigps May benysed cqpipaning, ditterent
ﬁlte?ﬁ{eﬁx size of less than or equal to about 50
m'crometers can be enployed, with less than or equal

to about 20 microneters preferred, and |ess than or
A pedursdd sobntimpdiltratic sysﬁemv@nmi@p@ cnmwnmaéme piithdhe gytagler via

a plgﬁg{]eegoﬁa d W'%%,Q tga é ltI'C Q{S rﬁlec?)grnug?{ eA% Vél{f% Bxfeﬁg{e%astoﬁftlon
filtrbfian S)Qteneqsl ah 1h01nalft~imxérea mahb ﬁﬁﬁfhﬁnﬁg ADpaze rsrzefﬁ'ra‘tmdlt 50

and greater téq%n or equal t o, about 5 31 Crol;gster 1
miCEURRISIT A7) 1§5sp PEHRAP Y RDOYH &0 BETAmSIers oY Jesie and Jons ETsiigLly

abol€ 19 ¢ dn¥etdrs |or QEQD: PREESIAHY Qistiul tteRTare VAR metal filters
exhibiting high tortuosity including the filters commercially available from PALL

S0

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
w0 2dos/ersosyst em can be in-line with the extrudercous2004/022194

off-line. Asingle filter can be used or two or nore

filters in series or parallel. Additionally, a single
filtdrirlgt éffitiefdy witheP nlTBYmPE Mf9Rehs@e dr¥P aB8 viRbes hedttdigigadion.

steps, may be used conmbining different filter nedia. A
Thespase size ebithe anelt filbers £an be ahque B. 1syistaspaterdo jahowi S0gpicrometers.

. 1ni i 0 i t e i
Wil TG, Bkt O it 47 Rt 8 ap iR b fetry can be
emplogdd, yithrledsahdareok amhlitol about 20 hiidrameers myfired) dnd less than or
in-line sintered nmetal filter having a pore size of |
equagmbosb% RSP BIITLROrOProfutsd; Ape Pertaiptd, wiligfisggnes is a
por&kigé B BLAEStHAh o}' @«zﬁ’l tRhufBY cﬁf-:ﬁte%, Rt greABOMEN 315eqé1a1 to
m croneters or leSs. Particularly useful filters ar
aboyt himderenhetent mbref pricfesred, andxdrediert thargorhiqyhl toaboutdsmigrometers
i ng udiﬁgr he filters comercially available from PALL
CSPERF R ETEN. 1n yet anot her enbodi nent, the extruder
includes a nelt filtration systemat the die end of
The ﬁtﬂr@ixﬁ-sdlihﬁt miXiuee ﬂﬁb'tco_ﬁiph”l%é atwiae vs%éty e)glpg‘l?{)’ndm Eﬁcﬁﬂph lary
to filter out any  particul ates produce uring the
polypers iaglye polytlaeriimideg,ipokispibonaies, @plycarenale gstess) ply@rylene

h P pker fi f i
SN PR By IR, | oo, TRIRIRED, piobieRicRctones,
polyiiidesy ®léfin pobmeans,t polysilxarest lyfalkenyd utratmatic)sp rand ulelends

during.the, extrusi o rocess. wWhile at .the sane tine

contifisih  dRb N e o a9 30 08 AR BB i Tgere

polyrhérs @fd pigsedtt fih Eheeplymei-tdlveént MhiRiuie) th® bolghRs prddctimap be a
and vi scous heat dissipation. The pore size of the |

polyfagrblend, seshsascablend ofp paty(@ylenerrben fed erpalYakepyl progpatic).

: |

1t o}y BEAPRNES gt L b Bbete] cf FREredhuRH B SbcfBr flord Bitmers

witlanpheopadyinerviddvent asstutdrlowarfoete afficient alxburifddth distribution of
mcroneters preferred, and | ess.than or equal to

the FSBITE TR ERORES PG RD AR SRR o pr of er  ed

within this range is a pore size of greater than or

As 8§8ddtlerdi@, tBO@tn golfiiner MIRRIdES BothWHighmoleRalae iveldh@PoRners, for
equal to about 5 mcroneters nore preferre

and
exagipiedhigphenelah pelycarhonate heviags gumberAveraghralailar weight M, of
10,G50P GohAL | Maddr lgﬁi i gﬁf}'ue? o ‘??d}g,l Fﬁ@ rrél%ﬁbeég Nbw itidthfar Weight
conprise a wide variety of polyners. enpl ary
oligpnleyiremasteiials) dioke epahplet bisphiembl és ,popehsboaath ohaties 2 number
ave%%!a ¥1§o?éck1)1 " %e?gh% Sotf Ghout iﬁ)%l a¥1$ua}r ﬂ'p?(r:]a?ly, 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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et her)s, polyam des, polyarylates, polyesters,

pol ysul fones, pol yet herketones, polyimdes, olefin
w@odogee2 pol ysil oxanes, poly(al kenyl aromatigdsusmani22194

bl ends conprising at |east one of the foregoing

pol yners, In instances where two or nore polyners are

catBly QSR bé '?erhb\?edpﬁhdﬁﬁi aﬁ’}@ Ephs@mer Mhhiidre stebhem@ xﬁ@ ?roduct
product may be a Ql% bl'end, such as a ble
PCRhis wa

polygheriaidp| sohtioat ine HhoH yyh Reater ans @maquegus phege is
sepgliﬁge_dglggs \{18&?&g\raﬁet}%Jatsﬂéhesomt%ndoﬁegfeal%hm%e n QIRCB ]'ﬁ such an

or nore

insfantey Itk wawdrveashedisshutios oﬁl]dotybﬁ]ei*m’ﬁdé tve GDEB ah§nterends the
resultin

unlformdlstrlbut n, of g olymsrsmdgei
polysr-salucnt seirie rwha‘r%oweparﬁta iRt POREMEriG anch &ty copRgnents
usn‘i§ e Hﬁltﬁﬂﬁeﬁes'cﬂﬁédjﬁﬁx% {]‘A %h 1%5@8% Kat '&hfnsphenol A

pol ynmers, for exanple bISp onat e
poliarbangteaby uedstion af drigphrenatoh ewitih qohomnghn aMmetbrMend@ hipdide-

wafth Afire TR W, arerce BT Bl 4t ask Aot Siof gt ¥l bpdfoide,

the ReRHBL RAktufe BRInYCoMPIGIALST tReydlPBieAzationIeh twayBis8 Giixture of
nol ecul ar wei'ght of about 800 amu. Typically,

t he
polperbonate. @dmfémenwmpué@ anq Brigg. pifb%i beine fayex wrS@p@thé iapd ghe
el HDBYER i SR8 SRSt e AT i frer i
thee xepapited fromehpolatentayesiol previte a makdr washetbsohlimntdfdisphenol A

polgc-‘:aglgq%%?o?l{ Rget l%% P{lgee Ol%fgg[gg%mw %%a{tgrnwgghed solution of

bispheRBEAYpSAHQEHHIS R mBthiRBe BhIBHAS %@ayoéerwzuhﬂﬂellfolymer-solvent
anhydride” chai nst opper in CDCB, or "the polynerization

mixgpregvick pﬁw@@matedslutpmtdﬁnerm aphsoheint somppremtyfargiha anethod

des?ﬁ&% in a solvent such as nethylene chloride. In
ITSt instance, a water soluble catalyst is

typically enployed in the condensation reaction of
Polﬁﬁéi)éem’ratﬂzamnm teactydns nedicdnouteén asotitiphtdra lfiequanlyyahrjloed by
13 WD 2005/ 023902 CT/ US2Q04/ 022194
chelits YisBing o B BhoRE R O SRR By RER agpi ofor

exa%{% poTﬂ:‘dﬁ)onEt@ qarafa%mw theQﬁElY %n%raw&l §Ph ll'ﬁépﬁéhdl Buch as

wat er and ueous p ase | S
bisghepak étvelth 2 élapsﬂ @enbd@atasméataé ﬂlpmgyi@@r pigtmahhaye a significant

nulﬁ)lg)é[ yo“afIJl]lgf 1{1}% %@xﬂl %ro e t aig fré gﬁtﬁﬁ&e‘éﬁ%@ %o convert

er was er|w1 e I’

such eliydeoxas grcblq:)s mtd yiher -fedtioasit gioupd vach whiestbrsi By reactmg the
separated into polyneric a d sol vent ¢ rrponent

POl HEDARA LS USET VISb A IS EPRAIISTFAREEY FUFR 36,7 i chloride, for
exaﬁffp?@ﬁér?zto yPM18fidd1 BRRERR) pdymBOksYGaLRRAZE @ RYvehEakd fe@E‘tlon
bi sphenol A wt h hosgene in a nethylene chl’ orid
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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water m xture in the presence of an inorganic acid
acceptor such as sodi um hydroxi de, the reaction
WOor2005/023021pon conpl eti on of the pol yneri zati ore@BUSR004/022194
t wo- phase m xture of pol ycarbonate in nethyl ene
chloride and brine. The brine layer is separated and
éme q?thylene chloride layer is washed with acid and
pyare water. The organic layer is then separated from
ter layer to provide a water washed sol uti on of
2rmoP—A pol ycarbonate in nmethyl ene chloride. Here
the water washed sol ution of bisphenol A
P gtbonate i nmethyl ene chloride may serve as the
polyner solvent mxture which is separated into
pol yneric and sol vent conponents usi ng the net hod
wheeest rfobedcth strmmral Raiity reach d@r iisv ridepatdently rhahxgbm Opﬁmary or

R e UL R S ST 4 Pl

amBRalkys Uhyiio RFONMORY,| 6r ARbBYdratarbdidky WHRER! & least two carbon
pol ycarbonate prepared by the nelt” pol ymerization of A

atopiss penarse hachalegen BE@ poreigen tomst lor atheli l@lfeyl angarepgn Qe is
ncRHhe AU b OB RS By A A oo,

hydroegbearixlyy odedolyabdoarbonoty whefein atSldad thy @aﬂmn lat@rho sgifrate
into other functional grou 13( such ﬂs est (i;

the, E%le%qnn@m{ REYEPoHPRSy B’b#!ftg $n & oyifl boHn rﬁtﬂo fhat the term

“ha%a@!@}lf’ qaa'uhésc a&?ﬂ%]?%i{p Sé‘lﬁ)@tlt@%da%iﬁcb& %plr{%ﬂedﬁ‘aloééﬁr atoms,

exan”p e enz% he pO yner IS
incHidérgopartially andafullp halegmatetdﬂkyl@@upso Prefenably, bashzQVis alkyl or

ol 3o B U bl R R RElReE {Ten vashed

to renove water sol uble reagents and byproducts to

Bothr hothogolpm@rodndrespotymher epully(atyldndr etharp asiacludéd. nThe preferred
solvent renmoyal in order tg isolate the derivatized

horpgpgliraprs: a6 cHoffo PRI PPetimemyRigPYEnsgfhepainits.  Suitable
t t t o) t S :
copoBRAdAL Bl @nm%y@ug&ﬁ %ﬁféiﬁ{ﬁ% fog nﬁ%ﬁ@ﬁﬂ n?°“,°Ht glgee in

t He net hod des In o

comlaingtinar Vsl Q/,ér&mmeihydrrle‘l-phnmtms eghex polsyqracopodymaers derived
h V0 2005/ 02390
froB HPRSBEAS 1 8f 2 s gpgoly il b inEvishepl.  Also

inchided cdreir gdly(diiléne erded) &htdifing NElOREBS §édayed Bl Og@Ring vinyl

rimary or
monomers o¥' 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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secondary | ower al kyl (e.g., alkyl containing up to 7

carbon atons), phenyl, hal oal kyl, am noal kyl,
woygesoeobonoxy, or hal ohydrocar bonoxy wher ei ne@l/us®as22194

two carbon atons separate the hal ogen and oxygen

atons, or the like; and each Q2 is independently
dedilidrsogre rgrath Jlg)e prefpablyaatyoud 0.29ew@bdar §.48 alMgr aginteysured in

h |, lky], h is) , L O .
CHIREATONR B 26 Db oie) PARRENIE s b s isssity Rolyfagyiene
eth%ﬁ %H 3at Bw b f&axll&gﬁﬁy ?Hg(é}? hH@ Bthah QH'éomQﬁlaﬁ&? DelePmining

be un erstood e term "hal oal kyl
an ﬁm m:d:@s Whiei yWwo gntoingis Vsebsities arearedyi will @pmd)sonmvlmt on the

ex R B e i ase, o e oeniBCirie ey 2 B fhegfimate plagica

propertiep iRy degifddeci al |y C 4 al kyl, and each @ is
ydrogen or nethyl. Both honopol yner and copol yner

pol y(aryl ene ether) are_ included. The preferred
Kopwhdpsencysee e p@pgetgqgggry@@ﬁteg;qﬁ)s ﬁgclude European patent documents

EPZ 1%7&‘2 L iR @Fﬂgg%? glﬁg HEN 6’7'@[0%51 Rt B efhods for Prelpanng

copol ynmers inc om copol yners contal ni ng
polpteaytpiee etherds harend¢ssribed, twnisxangile,om WJ.Sh Pat. Nos 5,250,486;

508150, BN 4 G Pl s 0k YL £ 3 688,102 3,733,299,
3,681,848k 3”!@12%999963@55@3 $6548; 6;306878 LM 3308N8T4. Al so

i ncl uded are poI y(aryl ene et her) cont ai ni ng noieties
tg{éepared by grafting.vinyl nononers or golyrrers such

e lorgeme, isWilb be” apparest i dapsp killed i bgeart that the

I
coﬁ&ﬁ@%@ed'r}i& y}%ﬁ‘gle ¢ ctif ?O}els%‘%lnﬁg Eﬁel%ﬁie%ﬁ; trbef?cg%é)? 1 éﬁ%‘é éther)
resiner mbmﬂunﬁmm ireapedton pH Venietwnsmim rsemictnial hutitse ancillary

cnplit s B SR el ot potymer .

Pol'y(aryl ene ether)s further include conbinations

Sui€DIe bbls(dngerd etheds inddide, Mut bRenotol@ited td I@Qly(2 6 d1methy1 1,4-
pol y(aryl ene et he:# general |y has a nunber

ph%leee ustBen el S trigmsdia-1 %pbwle@e) cﬁ@i@ram?bé(a& %ethyl 1,4-
Pl LA 00 BN iy Ll Pl AR GO B U0
phangleng) piiey;s pylyElrethyl-aipoapyiid 4-plﬁhylen®b&1¢ar pole(6-dilneyl)1,4-

phegSiies” HhefiopolbhomSey- bphoskty 951 e @t FefigRi L

phdh?fen@)f anert $blym,6- dﬁHtﬁ‘(S;@yf- ahlpyleﬁghéﬁeg cthe? gp&?ﬁZ%ﬁ@tﬂbx;Qé 4thoxy-

as neasured in | or of or m at 2 is also

14@@35}19@ teghetit i POly@- %thﬂr@ﬁe@mtowyﬂé-phwbe@)su gther; poly(2,6-
dlcﬂx%lr 2% rﬁfﬁe&"{}g”%eﬁtﬁﬁé"?g 2301? G natﬂh@éyl-lnékﬁenme%ggéihw poly(2-

ethoxy—l ,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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an exact ratio, when two intrinsic viscosities are
used, w |l depend sonmewhat on the exact intrinsic
W@ 2e98/0%3902 es of the poly(aryl ene ether) used arch/U$e®04/022194
ultimate physical properties that are desired. Known
processes to prepare poly(arylene ether)s include
suspéHsipe and RafuGién BEISHIRERAtRon, BRichléohidd A2 leakPh 3% H194ght of
and EP1167420Al1. Further nethods for preparln%
strysirgd ity deviveddtons en lkspy apBdi parpmerdlavieg dhgrtactyre I
U S. Pat. Nos. 5,250,486; 5,017,655; 4,092, 294;
R4 0 , 828: 4,054, 553; 3,962,181; 3, 838, 102 3, 733, 299;
3, 64 =£§5 3,642, 699; 3,639, 656; 3,365,422; 3,306, 875;
and 3 306, 874. Based upon the foregoing, it will be

M at ed pol y(aryl ene ether) resin may include any
2 éy(arylene ether) resins presently known,
of variations in structural units,

chem cal features, or nethod of

preparation. Suitable poly(arylene ether)s include,

but are not limted to poly(2,6-dinmethyl-1,4-

whéreRw! ﬁf}ﬁydfﬁ ﬁro“,, Cralky{, 2r halogbn; LB Wiyl hidHRE Y (51 alkyl;
et her; po 6-di et hyl -1, 4- phenylene) et her;
andyp s fo geﬂ’rsfpr-r@i pkey proznamc pReIspcEhEclude stsirene, chlorostyrene,

ancpginéréél g%eﬂ' IEIrhg pﬁéJ}}é(%l}l/{?n}i! pﬁ&ﬂ%ﬁﬁ%ﬁlﬁ%?@?ﬁde homopolymers of an
alkaol efd@n&tid nioaumy,f -thndem pdopolyhrerse&:f eniaﬁ{e;nyl aromatic monomer,

sucBOI anL %% ﬁé)fxg%l;&xo&e Ptlg | en%rh%r)s srétﬁh%ﬁ,acrylomtnle butadiene,
alpﬂﬁlrﬁéﬂérls@r%ﬁtém}wm% bénz!éﬁ@ Nifiv B Rendndednd male:c anhydride; and

met hoxy-6- et hoxy- 1, 4- phenyl ene) et her

rubgmlye@ﬁed rpply(@kgmé @mm@;@ Tpsins mmpmxw b}ené@ lgad/or grafts of a
rubggr: %%él’f%}é Pﬁ(‘] %n{?%cﬁ)e g}m?d'er pfl}%ﬂy% ? aton onomer (Ias zi%scnbed

aboat)) awtiereln ﬂaephibbyﬂ mn@)‘ieetdaﬁ rbb a polymenzatlon product of at least one

oly(2-chloro-1, 4-phenyl ene) eth 2, 6-di bro
Cs- m%myg:ngl;n%mgpmer such 218 butadiene br 1s¥ rene, and wherein the

rubBBJ-ﬁ/l&@iﬁQH g&BBf(ﬂk fyg'aﬂf'ﬁﬂﬁé réllﬂc&ﬁkﬁ{k\éé 8h& %tﬁ%oup{]o Weight

m xt ure regoi ng poly(arylene ether)s
perecnd ofithe hentpolymesntof an hlkepy layoreaticsmbuamer avidyabaute? to about 30

N T

of #8 humegolyher of iin hikehy) AesndRl iofInerPhe POV foyabaet I Esight
known I n the art _including bulk, 16 WO 2005/023902

pergrat o{ouhbey spadifier. s@@ﬁéﬁﬁddwly(a%nbém@afeﬁ) is a homopolymer
of tﬂ? LB 3R motith&1 dlzr A ciﬂ tRatlsh 5%?1&'&)@3?!1 b%WHiogen;

sttuctural units rom-an enyl matl C
Z' ivioyle halogei g lower alkyluesdipds Iffom 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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R-CCH (Z2)r \ Il wherein R is hydrogen, Cl-Cs

al kyl, or halogen; Z is vinyl, halogen or Cl1-C8
wa@bdogh2390mnd p is 0 to 5. Preferred al kenyl aremgb$m04/022194

nmononer s i nclude styrene, chlorostyrene, and

vi nyl tol uene. The pol y(al kenyl aromatic) resins
1aomaﬁhd9¢%eeﬁe@ ”‘SI%RBMHﬁfa%tl@ﬁoﬁﬂﬁo@ét}?&ﬁé@ ar8lcOfBel GalYDAQIEE as,

ran ol ynmers of an al aromati ¢ nononer,
formlaﬁ&f%ﬁ)ﬂém Chgvrpn,gnd PdB0GEom BASF.er ent nononers

such as acrylonitrile, butadiene,

Thei#@?@%}f?ﬁﬁrﬂ(ﬁoﬁﬁ%f g‘% niy éln ; f}%t e é“ﬁ%ole‘égl‘ék ek e 4E GB6ut

20, pag)- Y00 00eatymiamassatnits) (arrm$ iané aC\Oﬂ‘ghtl ®ierage mhaexidaramel glotr of
rubber nodifier and a honopol yner of an
aboﬁ;ﬁ(i{)@ﬂ 8‘5&@ MATE nonormer (as described above),
' wherei n the rubber nodifier nay be a polynerization

ThePp AL sWen® iniktBRShaP&finprisgt-aB1enNONFIAEREAE afirRAR) resin in

nononer, such as butadi ene or isoprene, and wherein

an arheunt ofj sbext-Hdeiabpedl py@xg}a( aeTkentyand ap«dn@ml@se qilegg) Fesin in an
amﬁﬂlggf'oéfo% qbf%ugbo%@ 99% ? erzgnt\’\%hé%at on A &)‘?eﬁtwaghtb{%e 518

mer of an alken romati ¢ nononer and
polj‘z(@l]@b}duirmﬁﬁw)\aﬁd esin jdy(esiine@thei ) e Withiib this lranga thie@mount of

ol arigIHRer PR HiSnSpeB 7 S et GIAER St igHoReroa
lessttﬁa@QP uaﬂt% éﬁ’%{l&mf Wel%ﬁf Feétnt ?feférfb% £ﬂméﬁrth£ﬁ)9ﬂ Jduﬁfto aﬁout

preferred poly(a ar onm i'$ a honopol yner
60 whightipéreentimere @mfcnr rrAh‘ormqafe(rbqi )mﬂmeﬂ]eﬁ nBnge 1s| a:,poly(arylene
ethﬂg{,%%ﬁ %Pl q@éﬁé@l E%lt % ath% !glg{ erdep%, c%?aba% tlYa{ e&ual to about

30 Weighi sditent piefdred] &1d @eatetbapoodauabo abf)utam) vadi glﬁrpﬁi'cent more
aromat.i c nmononer i.s the hopopol yner, derived fr
?’Eﬂéﬁ@y be

pref5pge.e Nithin this range s saapat ghrateplkenyaromatisp 1 (s
lessPthénh of @ 8 t'8?) elgﬁt\l\%&@ﬁﬁ le%gt HoRbr b 1&1‘6@5 ﬂO'Wélght
1 00 ro

prefera m st yfene.
perene pmfcmaqyl,l land ildsy thein ctrlm]upbioya(lmhk 60 Wex Qrt pmemta)loneazref@rred

Asfa¥oiped i Sishaey & » PoBFkSivh artstie) ot By eaval to
abofity DO vl @t efeent] ére\f@r 20061043890 4¥ott 3@3@%{( Pertdpreferred,

honmopol ystyrenes. Suitable at actic ho styrenes
andgreaterdhereercaganl to ab%ﬂpaml@tﬁrcenm@re@x EB3300
from Chevron, and P1800 from BASF. The poI y(aI kenyl

Theg?&g@g}hlt@e BB R MBe BoRMERSEIvaYChRGEe TRAP 64! dm WRY dWilable

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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20, 000- 100, 000 atom c mass units (amu) and a wei ght

aver age nol ecul ar wei ght of about 10, 000- 300, 000 amu.
wab@spzaogaer - sol vent mi xture may conprise a blerwius#04/022194

pol y(al kenyl aromatic) resin in an anount of about 99

to about 1 weight percent and pol y(aryl ene ether)
substastiallyi firccaof sobemil By sibstabidally freetioisaieaut th@.ﬂth‘é@bglnier product

b d h | ht
Cor&?r C@m tbéﬂﬁg%pglgﬁ)?rgr} o m@' T%SJS‘&?;??%(P% Rased en fheryeight
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prodmtgmlatpe mae'mxpeedl 98 ppimarThercoacrmdtiation ofibaluent 70 tlwepcgﬁner

rcent ref.er Ies a e 0 .about
profiftRitiot Sl s Biterd e oot B R B iaRt pece
with ﬂb\ﬁerfrméﬁhaﬁxsaow&* Mied] o IRARr s@Repeedd) GHORH) 16dMty BTower

equal, to about 20 wei ght percent greater than or

COD@%(W@FIO%O%%Wt inghe faalprodper dd copteatrationsef, the sefvent in the

olgrhgl?%rrgﬁ %Iﬂ%t h.dﬁ&t{ﬁ @;Qdé@sqﬁgtt% e%g&‘ﬂ@dt@?ﬁd/?re{h%%%ru@ sErew

spepdl y( al kehyl aromatic) in the bl end may be 1ess than
or equal to about 80 wei ght percent, |ess than or

: ual abo t 70 ht erc nt preferred, and

In Gif @b Bilio e HRmes Hotged & rpites BSbit Wigen & SbstERarty

fredd b€ fsBIveRtd and A% S0 pEIvERi-AERE Gthet)t Raving RirGcthRNEe InSad alternate
pol. y(aI kenyl aromatic) greater_ than or equal to _about

embqlifignte e psthed rﬂmW&P% atRdymerablend, whigh|is sgbansiatly fege of
solx%’c‘%t. ggkaf?ﬁ%@%dgﬁ%{ g Todfig tE]exﬂﬁ qN]gEI?gl‘:eesﬁbét%ﬁﬂ.\lﬁgre%q)lﬂhlvent

ercent nore preferre
inclpd¢ ylendy lconteinitgh et Jeastf twd diffenént nEiyrsab seletiedi fxdmirthe geoup

cong S S Bl et TS so s b e pBohrbtioys,

andpb@lslea@ﬁenef %ﬁ‘n@r)§t rﬁam&waﬂg ﬂr@ ﬁ{e@ bi&dd E&aﬁﬁé&npoty(alkenyl
vessel”. A solution kenyl aromatic) re

arO@h@lc)tahéPpMﬁwlph%ﬁbﬂéne ether) may be forned.
Alternatively, the poly(al kenyl —aromati c) resin may

Thegﬁ%ﬂ’gg’?%’é{’ %ﬁtur&xé ug?gd ¥ g'xeamgfhgﬁ nﬁa te Ghe czq Rbre

ruder n an tiona I'ng s
solveEh®. dihpsd whtentGninciidé haﬂoml‘eddirtbmata: qowe)mehalegém&ﬂtahphatlc

ure ffec the separati on t he sol vent
SO BTG HRIOBSBIF et Faets ToB Hplasemiod SHRIaG SgHeRthcand
mixG@EP OfRERbY. enﬁata%aﬁte‘dr Offbrhi: e@bweﬁ%e fark SilR@irsked Ob €ortho-
devol atilized and is frequently referred to as e

dicljerohenzeng (OBGE), Chhrqhtmzmmm ﬂiéritke t hengwlogena ted aromatic

102390
son B e oS ydchey ekt E R M Stclpgrgpped fghacic
sohenidstaillustedtéd/ by fne&xyldhe chloﬁEa;rdlﬂdrbﬁhni he-dieHlyoethane; and the
likeFJr I%ggﬁuglogenated 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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contains |ess than 1000 parts per mllion (ppm
resi dual solvent based on the weight of the sanple
wo emwsmeBo0i N sone i nstances the anmount of resi dp@i/us2004/022194
solvent in the polyner product isolated my exceed
1000 ppm The concentration of solvent in the polyner

venfihQ dide tfeddRf s Fudtioh 16 Rent'sdtvedt PovERm!the eXtffidr. Such
rate and the extruder screw speed, wth |ower ratios
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poly(aryl ene ether) having Structure 1. an
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to thOtMeides. These sol vents include hal ogenated aromatic

sol vents, hal ogenated aliphatic solvents,
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fEnger conpri ses a non-venting side feeder. A non-
and e likhg 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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abaut [H0000 tal abogt | Oeveighttperdar obaid @dsired Widitivea mr&FérabBSdbout
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efﬁ'aféhf oS ey eﬁﬁél LA Sb1 Wit R hﬁrfxm"f‘z ¥elhoe of energy as
ownstream of the non-venting side eeder 1B rendy
comyodred itd esmpounding theefilidrregpd miyhérain ammyxthalee obemlar device.
roduced by the side feeder additi.on. of the additive, .
AcirinEf At enaareaesnar! g mpdnBisolaten eto iz tiohs is
dis¢TBEHdI t8N1REvide BUYE polyhfer pecHult FMBbutRAé WERT for Md RIULRShdIthg
t he conmpoundi ng step may include a polyetherimde, a

andompepdiss of e pelysesir pod iifenafies thesiselationssterohap baey perfamed.
| vagide, | at |
A SAIET el AN 1o LI A AL

a po one,
conpmiupding it ia apekyrsddr dxonainirize the/eat kiswoyy ofthepsiyiney., and
a conbination conprising at |east one of the
f or eqoi.n 0 rs, and the |ike. Non-limti ) )
In one & °8§*9i55= thd P f-Fﬂmagxglﬁ f%&%%ﬂmwses alifhid geystalline
pol%x_!ﬂlé@%u%h' AsC fqaiad cryStadme apoliéiershid _‘é@%ooi?@téfé. oS@@ble liquid
i bers; carbon bl ack; conductive fillers; carbon

crystalhiae upsdwners na odeserjeed by §hboPrtayNes. 85,8hHmat.19h470; and
46?& ising at | east one of the foregoing fillers; and
"tHe Ti ke. The anmpunt of filler present in the polyner
can range anywhere of about O to about 50 wei ght
Theplllere and bdBedksdlmt ey Heatigdersadiig tite polynidresobenpaditireangy be

pref erab fromapout O to about 20 wei ght percent
any i B el o el Come e Smabare vot | ¢ ed
to, colorants such as pignments or dyes, W

Polghaiid Imhateridls ieMte® acesting, tohart nietils | deg@ived h@anl Ady be
agents, and nold rel ease agents. \Were the additive

transforpad g0 werfel adislesndirentisl oadaRy ibpeblendase witho gue tor agre
addftfURBl 'pdfymers 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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the desired additives. In another enbodi nent, the

pol ymer - sol vent mi xture may further conprise at |east
dowirehi! Ve, A0 Qle Beders ddHeredM rcAd Fdeli& dnipRised # sidb Feeder

introduction into the extruder. It has been found )
ventignd thenepsppasn ypripad b sige-fgedpt eant prgtaperatrsl at about atmospheric
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conpoundi ng/ i sol ati on/ devol atilization is disclosed

b id o) r_product. without the need for
In b BBIfEDL Bl Yo TRt Ril? B0 s Ripoing
int@ddcihg |d etipetlidatdd pbBmicsQbl@EMtOMiGURP viaas Pesre control valve
erformed. A further advantage of adding the filler

locpigd toRea Side yesder alpchertto rAnexirgen Atheasin tthe gxtruder comprises a

dow TR Gylidreih AR d& ¥eddbd&mprisel @ s eBlet & ehf) Gnd'Gbrein
history of the polynmer. In one e ocfl nment, the

theyoksgmesr controls walve ng Jacated Hetwdenethe entrpddr sad the kidg deader vent;

crystalli | yer uch as liquid crystallin
renfoniie vt Topt sy oPybedted obEsrsdliem ipdjie Jia the downstream
verft 4@t ik | sidee feR0bry V@It S add S&oli@mErd Bemich pebduct Bain tHNOSolymer
5,324,795; 4,161,470; and _4,664,972. The fillers and
solyepimpix{iee Whereinnily pRIyEPsidyantdnixiire sempesssnt Pobatey ang a

1 Xt ' e addi ti onal
sol Rk i ¥kn B potfertontoi3 pdipERnedind e 20C1 Lt o6
according to the nethods descri bed herein may be -

In oneamwbodiment, iansystens éfrusepanating lagolgtherefroinyg solvemm thebsystem
bl ended with _.on r  NDr addi.ti onal . pol rs.o .
comfEeP TR £ RENRR . ROBPECIAE SO TP SO 1ogPRyide 2
supefHERiee pdlyaner¥Bhvehighixtet bl Sk@idel el BOSfuntatith ol the means

casting methods, and |ike techniques to provide
for heafing a pelymer ealvent gpiztie, dbe prmmappigation beig viert lepst:anes feed
. f f ' . ' .
inlgEo bR B BR TR lvel AEBROR afRfirHlr- Bljen hfiRure
may benmoduckd émb the rpirideesthei axtnudeluledimg equippyuewitk at dehst one

ol yner-sol vent m xture via ressure contr.ol valve :
ups%ear}/) vent adapteg Tor operation at atmosghe%c 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
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side feeder, wherein the side feeder conprises a side
feeder vent and the upstreamvent and the side-feeder
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S a h
maf BERL bEScftn? bllfied 6ibe KEeer LIRS orhidfog pviep «
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super heat ed pol yner-solvent m xture via the downstream
side feeder, vent,; nd i sqlatin pol r
Flgﬁ’fesdlu%?“d P Hm‘%aﬁee% FYRlary contadients SF (e GsqipRsdcaysten and
metholly MHigEe| v eilfustiitest U SyseMrdS §SmRtHea! YorRpriskE a? nitrogen-
sol vent, and wherein the polynmer conprises a
Prefﬁ&rly%rlwa@ﬁefeéd k) (1) | far @W@lﬂnﬁcﬁjpﬂhmer-sw@vsm@mmoa gear
S
porF E8F o oithooel B ARt R oot Sl (Y o Pl anger (4
Tharﬂlxawemhapgeefmmﬂby heat (&) ool ﬂmv&le Stﬂmpélheaé¢¢ol}mer-solvent

i B Wi fis recedibythviction §f i St even tSoRSpam e et ) o
remiolt€ f;ﬁr TR & GRbInREs PRI GheY lsébe%eak ?&lm&escflﬁé?@ nlngﬁxk@wch

prere pressure control roug
pasgss|thiepgh ¢ pressire contxal vabye (&)aa}anaeShqnt mdmtmg pipet @) tchtke feed

zongxcg(i‘ir ggtgé _rSéerg‘?n (\?/}éﬁtdgr ngB t aHu%O rs&g%/g ck{an, Wt;#élg.t al%xtruc%r (10) is

equiptped g\ﬁﬁﬁf bide Gdedsuld &) z[ﬁ(?&ﬁ?@gdn?ga@ ﬁﬂs&l(i? anal’{ﬂ?,)atUpsheﬁﬁtvent
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(14536ka side %’ﬁ d Y,enbfléi &Jrr@go‘aﬁa Solde%ﬁp\@ﬁam(%)aare Jasated op farrel

1 (F)dend BRI feed&qm M58, Wrhd) odcBing ShivVapotd(38) are

si'de feeder ~being ppe st one
. caphuethineal solapntopemamamnﬁoldt(l%)t ¢mimp¢ted tca oondenser (20) where heat

© I BERRPEP B aPRSEN 5 BgR! BOOhLke o B850 9157
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
wobRoosh2d902 s neant by the expressions in comunpCEUSMO4/022194
wth or to communicate with, the side feeder is said
to be in communication with or to comunicate with
vent 40)eXiHE Yeleter b@ﬁt@l{\%% fdagtedmr @k stfe k&&r@ﬂ@x@a&iﬁ%@ﬁické $1)
understood to 22 2005/ 023902 PCT/ US2004/ 022194
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co-rotafing extruder, a 'srngle-screw extruder, or a
diefacarghhs preemitions indyo asdidt g preventiagr disdol@utias of thelholymer

illustrate t exenpl ary enmbodi nents of the disclosed,
prodyet ePeCIA hiW. PelyRET @ract (15, &ppwp dg darken o fthgryise
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andgpoje(phenylpaestiers) aroknpumpé hy sersiivei tr toxygent adughn tenferaiure
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cladd@)g with t Ipesifieepressnomef wifrogen, enalessigy weith e hovsigesuppli®d with a

PoS{VEIPTEsSTR Y EBAE st SR s P GRIGEE SUPiSPE RO R Ry of
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15) for_renoving sol vent vapors (18) are | ocated on
enclegyreaupplied wih 2 positiveneressurpeoff visigaen, (and the like. Additionally,

td . .
ster SRR 6L 1 acB P ELEAMBTRRLN AR BRGED e fibroBicion ito
the axtwadetle Megass{rizOnaybe effetiedin a (vadiety of meaym\ied egamiple sparging

soJvent (21) s recavered. Downstream.of barrel 4 (17
the pg eé‘)%?‘&ﬁr&)e‘i‘m‘é‘érf e‘W%éP%ﬁ’é‘iﬂ gasand {hspeeftef matntaiyng eoéﬁssze
pred¥Blelor8R fcPt dad M tHeVeBRY helking thepdly@Bsolvent 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
wa odoservonot renoved through the upstream ventBcT/US2004/022194
Sol vent vapors (18) and (32) are condensed and
recovered at condensers (20), (33) and (34). The
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fromemjaegeaamownt cdirsdlveiar inem singlasstepadnidypramicinghe ablythetio mdterial,

esence of Steps which may be taken in order
Wh’% “??Ftﬁ?%lyt%%q%gﬂ &Mt ration of oxygen in the
extruder, or to mnimze the exposure of the hot
Ex.miwmerww@afw fté Giffuéthge and rissletionioff ACKIFheAYMBE Rther-

i ncl ude: ping external parts of the extruder wth
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upp a P those
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170°C and gravity filtered through a S-mlcrometer 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
WO p@s239es i n the vessel hol ding the pol yner - sedwest004/022194
m xture. The pol ymer product produced may be used for
a variety of applications and articles. For exanple,
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singlé bifr®&@@Reric vent (vent 1). The conveying elements of the screws of the side

. [T

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
woROspasker and 240 pounds (108.9 kg) of xPS, pex/osdeey@2194

solution containing 20 percent by weight solids. The

sol ution was heated to about 170C and gravity
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locfed tdetvastediB O thd M delie JIERIrred sS BAREET agll ABRUD, and were
270-280C and was fed through a conbi nation of two

opessted @t wecuyer kavelsi oft ahoyt 2PAnghes of-merpey oifél enilligters He) (a

v, S8 1P PS5 B 3 LA g 2

uare nefe
incheschf paardury (162tradlimetets Fgkt he feed sol ution. The
tenperature of the filter housings was maintai ned at

e filt d | - SO t m xt S
shefE e igh o3l apesrs R Bt ERdepsarovaraysr sl G Hgolvent
renlgve@irt 1R (OISt ReIFhedaAuR (abéit 1einci? HRf (23 tﬂ@hrﬁé‘t@fsqllg) was

25 nm di aneter, tw n- screw, co-rotating interneshing

appliad o dherheghexcgneer rewiving sefvent \@p@uiroma e m@osphenc vents to
vl DR S TP A e B S OB JhGaAd

the oqherﬁtce dmalt ®nperatwe Sgeatl 300°GQbofithed Zﬁtrlﬁdﬂm wig sgtnded and
ho t 20 percent drive torque. The neasured extruder
Pe“% tenperatures were 321, 299, 318, 291, 290,
290, 289 and 290C (die). The extruder was equi pped

Abditt TO0B pbRISA(458 BaRDEbf YoBitceaovet RthR! cdntathliy about 40

cl osed chanber having a nitrogen |ine adapted for the
peresphtbyoveight pheelidsuweicoprepdredhi fikiergd and dsolgfed doe thipdrial and

resifitdlif gtpf)ﬂ%ﬁin?ﬁ!ﬂ\fl%to ﬂo%ﬂ@é’ ?1'81 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
whaoose239af t he extruder. The side feeder was nEGCT/US2004/022194

heated, had a L/D of about 10, and conprised two

screws consisting of forward conveying el enments only.
Exampiehk E‘hel rm'tha] DI provided b en exérh twldaest@lins Bdied on

e TR 1] O FRDED R 5t tagla%as’@ nGeses WRATRRTENE of the
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thee tempateinranes the rpdﬁﬁneleiq)weppemx‘turb haﬁempaaskgﬂtmml@h the heat

oGRS Wl B ol o Sl
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q(ﬁent and barrel 9 (vent 6). The three
indeatgssthm srpreraierer of the @ fomthersabstchermst. aR@sldmb OBICB by GC
GrEf Tro B8O oML oFRGRUATODES Bl Ryl B Torh FITRRing
in rthaa“rmlemlalﬂnzedspolamen ficlkoveing elidtizdtipni shds elay efetermined by gas
rec? Vi vessel . The vacuumvents 26 WD 2005/ 023902
4/ 022194 were simlarly adapted for sol vent
recovery. Vents 3, 4, 5 and 6 were equi pped with Type

Ex&mpRSE iaS. profeé silniRA¢ 18 MyBhgp1eat vﬁﬂ#é&ﬂ@%o‘ﬂiﬂdﬁh@nsvem 10
insert. The extruder screw el ements consisted of both

PereefFhy B iRaehE | sokighselusing &nBRAPHRP ves arrepared bR Gongffininge26.7
pof R8T ) SRS P R 08 B HAACE £ gL B30 e

xP&wﬁﬁdDm:le dive mésmltingelD percéni dgydweightt sodids solitiomarad heated to
flight nd re ward flighted kneadi ng el enen

abayg dgﬂ&e ﬁa‘? SR AT rqugh B Srmigiomesr fvg i baghEhe flrate

wa§ ¥dricesiRdted Kﬁ&%ﬂt 90 phro&l By %‘gﬁi’t $blidiGoRfioh Qz‘p gva‘?efio
neutral flighted kneadi ng el'enents were e oyed.

by digtilaftfey screws were equipped with nelt seals
consi sting of kneadl ng bl ocks rrade up of rearward

Th % sbﬁBB§ %%%nﬁ rhe?%g el &EL thegtgxa gﬁg Wels & e not filtered

ocate e vacuumyv

throughad cminlninammt ofetwm so‘fterédh-mataélﬂltesfplh(ﬁ‘ to I'ilsohaioheif tl’-fa polymenc
oper at ed at vacuum

7 d.b 9,
ma&%@t?@%fhaeg%@{ rzgsorlqﬁleﬂg@d@ﬁw periqymaterial was perieAmsdsin a
25t difiRetel BRMLITARYIQotat gg ﬁﬁéﬂﬂé@mﬁg kaktr&'&? Hy\mage 26 bé&él@ (L/D

absol ute pr essureé, wou read about I nch
= 4sra &rhple g plate; atidnsx aertsHYo oSwaich- \mrd Jocaked wpsmsam of the

NSRSl AT LIRS B R T R
dov(resrenin dff theGdedHigrt( % dpetdtédrad ﬁlailvblg)hlgﬁfevels 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
W@ 960902The devol atilized PPO xPS resin whi chPEIesnew22194
from the die face (nelt tenperature about 310C) of
t he extruder was stranded and pelletized. About 1000
thﬁ?gﬁ‘ilt dgr OG%QEG’OR@I}ION fop cﬁxymia % odnvemfounil i Tatde 1. The residual

O A By el RS E R B VSRS (el Bt

resulted i n approxi mtely 400 pounds (181 kg) of
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and 40 pounds (18 1 kg) of L3050 grade xPS w th ODCB.

The resulting 10 percent by weight solids solution was
Exagplg dgillugrates the application of the present method to a polymer-solvent

mixture comprising po]yphenylene ether and polystyrene. As shown, a relatively low
weight percent solids solution comprising polyphenylene ether and polystyrene tay
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

W 290230210 percent by wei ght solids sol uti on BYT/US2004/022194
renoval of ODCB by distillation. The solution was not
superheated in a shell-and-tube heater and was not

solfrtibn ¢hredgh thepramgtierathabishiuuhlei foomadhe oy m'tencbfeﬁmhpmtzal Both
fil at i o of the polyneric _nater

ExpinglsS PR el T b s b erprnsBp of Josinet rhgacohant
was performed in a 25mmdi aneter tw n-screw,

The dnveitiahi m berehemeﬁlsadnm g¥tail UORR asidulty RrdRE rtslﬁreferred
2-hole die plate; and six vents,

%ﬁlmn% Flt,erfrocic Btﬁe& Wﬂétheeamde@sﬂowdw &y thesed sifed 1arﬂ:ie art that
t h r t t.her
vaRihS! &8, BonBicARaR Gl he MR Gt HRGP s {schffor e
invepomt ed at relatively high | evels of vacuum (about
28 inches of nercury (711 mllinmeters HY)). The
erlc ve and 2 were ocated at extruder
ALGEARIRGRS, pafefl Aty G5, Gk pliaateotre iR boreip by
refhbﬁceaﬁtﬂiéiﬂ@{uretyr espectively. The feed sol ution was
added directly to the extruder at an injection port
| ocated at the downstream edge of barrel nunber 2. A
si de 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
PCTI 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
sanples. TABLE I Solution Mass % Screw speed Exanple
Flow Rate Torque Melt ( j ("C) Barrel Tenperatures (O
(kg/hr) (rpm 1 32.7 20 310 575
321/ 299/ 3181291/ 290/ 290/ 289/290 2 13.9-15.9 20 305
450 317/ 289/ 289/ 290/ 290/ 290/ 2811290
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TABLE 1 CONTINUED T Heating G| T of Solution at T

feed after Heat T feed at the P- Residual ODCB
WEWI3B0ZFeed Tank (C) Exch. (O valve (O forptEus2004/022194

GC (ppn) Exchanger (C) 1 160 270-280 280-285 310 2586

(avg. of 2 runs) 2 - 162 1550 (avg. of 2 sanples)
WlmMmmed_m | lustrates the application of the present

nmet hod to a pol yner-solvent m xture conpri sing

I er_an ol ystyrene. As shawn, a
1 Por KGR Ao iie oo R i Bl ea cSwpithen
conpri sing pol yphenyl ene ether and pol ystyrene may be

1ntmﬂomﬁg$eduparh¢utm/ ipd&yrhé&@oblegt! iRty Re Nt @RBuder, wherein the
% rene contai nj ng m nor anounts of
O Eﬁﬂeaﬁﬁ%ﬁ@? PWIsiEgRmyeBt anot her
errbodl ment wherein the solution was not superheat ed.

renfSvirig Went flomNBe SGsetald A (ﬁ% &ﬁ‘%hfeﬁﬁ?ﬁﬁﬁ‘e vid e ThLtAAth vent

rovided the separation ene
an ﬁlhépwpw@ymwﬁmadfrom (DCB in one step to provide a
pol ymer with m nor anmounts of residual solvent. The

: Lyve as canpared to
oo 388 EboB R ol 18 Rl B DG ATREE 5

2005/ 023902 PCT/ U82004/ 022194 sol ution through the
wheeinr thel @DlM&Bolivsntdninmhre chmprisdshepdlimey dndt £sadferxahdbia the

ro e a nethod for the expedi ent
ey 35 FPIVBIES o o PYIVEIET PO GFALAPBEHRG i 5% 98 o bR, Pfout 73
welgBs p&ean WASSL bh bﬁ‘éj ththl Fefohi bf PolyhePahd 'slﬁ%ﬁ‘tr |af’&];}@{e?&ﬁ Qhe

to preferred enbodinents thereof, but
polynereis 3pebyarpigne piden. skil | ed in the art that
variations and nodifications can be effected within

th ope h nt i
2. PhebaRi Aoy el e NGBl oo oo 15
mmn oftidg pog@bied ohet ﬂ:omlt [§0 nirefoé ﬂ-@ru’reeSSnaﬂchﬁhéreﬁnﬂhb IdeWiistream

veniglos 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,
wWe209p02390ng: i ntroduci ng a superheat ed pol ynmerPGUIY®M/022194
m xture to an extruder, wherein the extruder
conprises an upstream vent and a downstream vent;
of sadvei ng sol vent fromthe superheated pol yner-sol vent
m xture via the upst ream vent and the downstream

ven tJn p product  fromthe
supfﬂ*ﬁ %é%’s Bﬁﬁ b Merﬁpweg i@ the pefumer-solvent
mﬂ@t%i'é/ MR SOhMER S ]ﬂ:ht’férii sFstéd 1613 & i fi‘t)r/ i r'g;if&theaMyﬂer-so]vent

sol vent, wherein the anopun
nnmrq/tnéhe@d:mdem mxture is Iess than or equal to about
75 vvel ght percent based on the total weight of

pol I n ereipn th I is. a_ .
5. Dor SPE Al S8 o 1 8" BSHR PGy eBientithes TaBpgise 2
plukrdlity opstivoaanh vrteof the sepetuad ed at about 750 nm of Hg
or greater or at about 750 mmof Hg or |ess, and
vgherel n the downstream vent is operated at about 750
on—Ig or less. 3. The nethod of claim1l, wherein
50 to about 99 percent of the solvent present
s(?p_er heat ed heated pol yner-solvent m xture is

hrough the upstreamvent; and wherei n about

0 out 50 percent of the sol vent present in the
Quper Beat ed pol ymer-sol vent mixture is removed through
the downstream vent. 4. The nethod of cl a| m 1, vvherel n

truder er.conpri.ses a def
whp il S5 A burbothlal Thie SABL ('SR, dkplfish™y diilongpepaigy or
secahdapO\t;-TH Oalky, Obhéiyl, OHal€HIRE! €hmBioaRkiR uthyax%Qaﬂwh@afy LT
or less. 5. The nethod of claiml or wherein t
halgg)éire@rmoywh%@n\ﬂé rigaski oupasbens atqmpy s@mﬁe dhe balpgen and

o Bk G ST 90, s

lower exdieyly phenyhtlrathialkbda,l Melroarisbriokg er ha]bmmqasudneaynwmem at

[ osi.tio u fromthe feed inlet. 6. The
leaﬂzi”ﬁ&arbé?fl Eq ngraﬁrtﬁéﬁla]% PYEL ¥ ner product is
substantially free 31 WO 2005/023902
9. PCTTLSAR@bILI2144h 1 6f 4,59heteiRtthe 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
/
X

—r @,

wherein R' is hydrogen, C;-Cg alkyl, or halogen; Z' is vinyl, halogen or C;-Cs alkyl;
andpis 0 to 5.
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7. The method of claiml or 4, further conprising
filtering the polyner-solvent mxture in a solution
filtration systemprior to introducing the

pol ymer-solvent mxture to the extruder. 8. The
method of claiml or 4, wherein the poly(aryl ene
ether) conprises a plurality of structural units of
the structure @ Q O 0- @ Q wherein for each

structural unit, each i s independent!|y hal ogen,
r
B o S9RY s Sn Sl ¥ S

aboiite6 @ iweight pblealstt pdly(erytane kﬁ.’ollrer)aam:lmb@m pﬁ@rtat e@otlthéo Iwaighg percent

oxygen atomns: .and each i
poflieE S aftyg Bricanps oif youl wtiinBbrE Hobnisenp chen and
polfisiRyyl akviatia) keyin, hydr ocar bonoxy, 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
formumla R-CGCH (Z')p wherein R is hydrogen, Cl-Cs
al kyl, or halogen; Z' is vinyl, halogen or G -Cs
al kyl; andpi sOto5. 32 10. The nethod of claim1l or 4,
wherei n the pol ymer product conprises about 40 to
about 60 wei ght percent poly(arylene ether) and about
60 to about 40 wei ght percent poly(al kenyl aromatic)
based on the total weight of the poly(aryl ene ether)
and poly(al kenyl aromatic) resin 33

33



