METHOD OF PREPARI NG A PCLY( ARYLENE ETHER) BACKGROUND

Poly(aryl ene ether) resins may be prepared by the
w@xiodatiswe pol yrmerization of a nonohydric phenedT/useob$ie00794

presence of a solvent to forma solution in which the

product poly(aryl ene ether) is soluble. The

pol y( arMI ene et her n be isolated by combining

;) may the
t he” sol TRT8R i FRE ft’]"l%’l%tpi SOMVERTVTYE BIEE pitate the

poly(arylene ether). In practice, it is very
chal l enging to control these precipitations to provide
a final poly(atylene ether) solid having consi stent

BAGKIGROENE) ze. In particular, there is a need for a
nmet hod of precipitating a poly(arylene ether) that

PJI%QEQ&% Liher aféelﬂ@tm 8 vensesdrE@byyinki Hgdafaket pcqyﬁémzatwn of a

Y The above-descri béd and ot her dr awbac
mgpehydrig ardxff'aﬁ»h Hythe pregense |ofva seluentplp formed (fehption n which the

pr@@lﬁfﬁ rpbl'#(ﬁk@%en@ Qtﬂbt)’litsl“st@hﬁ)ld) ofT ki pblyt@ﬂenetemeﬂ)m@oihuh ibarisolated
en 0] I n

by arpRthe e sBRoR i S R aP by BisEinteRlfs Soliiidiene ethen

Inwpractiden itt Isevapp Ichélangirent edritel these | predipitatiooso ips@sdaa final

p&g%‘l@}{eynétﬁé}g sél dqﬁa{\zn%%sﬁte% \Mb%ﬁ%@fe’ m%n qn"ﬂ}ﬁfc%'lz{? Heleds a need

I Ses rate
fograemeéhoctg wérprmpm@mgr @drqéy(g@ames e@eﬁd@a( secblcqs) theqamunt of

uRIRBRHIYRRL Sartitleg! udi ng an apparatus for carrying out
the nethod, are described in detail below BRI EF

THE DRAWNG FIG 1 is a sinplified
mWi ew of a poly(arylene ether) isolation
apparatus 10 i ncluding a high-shear m xi ng punp 50 for

Thoxo mrbo verdege@bepo And @thelr ehrewbddke randsdisatviaotagemndreaalleviated by a

bl SBihilhe. DokbidiDa ?%%FEEgtt\llbeg:sogﬁﬁhnp%';ﬁ%ﬁ@solvem to

fogn@cquyﬁamler@netberr) gtspwr@momswmemlyﬁa@émsethm &qlid; wherein

(RlyRin¥-e3ked) SoluRbn @bmplisdta p@l?(’ar?l@ﬁé‘feﬁffébuiddnﬂ solvent; and
|tl I he Eresent I.hvent 0 ave ObS

w ?releaw%@o%wgd RPLSES (MK NEWH raof %éatw ea?etrép%ao 000
repipesabsecomdsqsele). t o

Other embodiments, including an apparatus for carrying out the method, are described

in detail below.
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a simplified diagrammatic view of a poly(arylene ether) isolation apparatus
10 including a high-shear mixing pump 50 for combining a poly(arylene ether)

solution and an antisolvent.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Having extensively studied the precipitation of poly(arylene ether) resins under
laboratory-scale, pilot plant, and manufacturing conditions, the present inventors have
observed that it can be very difficult to control the precipitation process in order to
provide an isolated poly(arylene ether) resin having a low content of particles smaller

than 38 micrometers (“fines”). It is desirable to reduce fines because their presence
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provide an isol ated poly(arylene ether) resin having a
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range, the velocity may preferably be at least about 5 meters per second, more
preferably at least about 10 meters per second. Also within this range, the velocity
may preferably be up to about 60 meters per second, more preferably up to about 40
meters per second. Apparatus suitable for performing the high-shear combination of
the poly(arylene ether) solution and the antisolvent is described, for example, in
European Patent No. 135,697 Bl to Schreiber.  Suitable apparatus is also
commercially available as, for example, the Siefer Trigonal SM 180 centrifugal pump
from Wilhelm Siefer GmbH & Co., Velbert, Germany.



range, the velocity may preferably be at |east about 5
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copolymers; graft copolymers; poly(arylene ether) ether ionomers; and block
copolymers of alkenyl aromatic compounds, vinyl aromatic compounds, and
poly(arylene ether), and the like; and combinations comprising at least one of the
foregoing; and the like. Poly(arylene ether)s per se, are known polymers comprising a
plurality of structural units of the formula
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In one embodiment, the poly(arylene ether) is the polymerization product of the at
least one monohydric phenol and a dihydric phenol having the structure

HO—D——O0H

wherein D is a divalent aromatic radical. In one embodiment D has the structure
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including, but not limited to, a monovalent hydrocarbon group such as alkyl, aryl,

aralkyl, alkaryl, or cycloalkyl, or an oxy group such as OR? , wherein R* is a
monovalent hydrocarbon group such as alkyl, aryl, aralkyl, alkaryl, or cycloalkyl. In
some particular embodiments Y' comprises a halo group or C,-C alkyl group. The
letter "m" represents any integer from and including zero through the number of
positions on A ! available for substitution; "p" represents an integer from and
including zero through the number of positions on E available for substitution; "t"

represents an integer equal to at least one; "s" is either zero or one; and "u" represents

any integer including zero.
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also include those containing indane structural units such as, for example, is 3-(4-
hydroxyphenyl)-1,1,3-trimethylindan-5-ol, and 1-(4-hydroxyphenyl)-1,3,3-
trimethylindan-5-ol.

The poly(arylene ether) is typically prepared by the oxidative coupling of at least one
monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-trimethylphenol.
Catalyst systems are generally employed for such coupling; they typically contain at
least one heavy metal compound such as a copper, manganese or cobalt compound,
usually in combination with various other materials. The method may, optionally,

further comprise preparing the poly(arylene ether).
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bi s(4- hydroxy-5- nitrophenyl)net hane;
bi s(4- hydroxy-2, 6- di nethyl - 3- net hoxyphenyl ) net hane;
Palttaélrlarl%‘ ﬁﬁe‘fulhi%& W&@%hﬁ)@tfbﬂﬁﬁny ]plﬂ:poses are those that comprise

ik;l eHlgA B&qﬁg)ﬁf(} g%lé‘gr 1no:g¥¥)l Eaar?rgg end group 5 31"he aminoalkyl

rathical( - typibaly Vipteted/ I11) @y cortive pyditiet harthe hgdidxy group. Products

cogtagr{ ég E'léqul %ﬁyﬁggﬁy na obé‘ g@ﬁf@é bﬁy g&ﬂﬁgra in )z}ﬁl f%llqrognate primary
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hyidggqyg L é@mqpéﬁ@prc?]é)é ghtaing ronhreact@p m@xtures in w ch a by-
praducy Hr;muﬁxsqmﬁdmb agl pfeee:mréspékﬁblsy inl mc@pﬁﬁhilidéhﬂe%ndary or tertlary

enbodi nt t.he h es bIS henol
P CHSRET o ) Pranbial GBS ol ABF LAl et et ERRS, “pically
coostrtuummasrnguclnama’(mus 90%d1ylwaghtmf thespapmkr, aisay doptain at least one

o n%alk f’crﬁhtzf an- fl-gllllp(;}%ﬂyh}enyl end groups.

1 (4 hydroxyphenyl -1 3,3- trinmethylindan-5-o0l . The
Thees i(ng prspdaplingon the iptFimsicayisapsity @p theeplpgrylens ether). For
ex@Mplkathe d;ﬁ;lﬂ@b}ﬂéﬂer@hé}ﬁ nﬁt Haeaaﬁ 1rﬁﬂﬁs18ﬂ[§@b§lt§'f xgaasafe@rmtzlsec in
cofalpbpatt B9ut 0ffS & pbosiihE e R pa L i e range
the ntphsio giscodigymby pe aaldayt abount Ailn 08 Ol as10.35ndl/ge aAdgo within

thﬁ%ﬁ‘% QQW&HHQ H&Bsid® nity RPN o 2RBIIGE885br ﬁ%bﬁ‘ﬂg The

sua I'n-co fth various othe
methed isi particularlyeu 1 hercromtrpllingghe pmlputytwﬁ Q:ﬁlprvemtrmsw viscosity

po@ﬂ%‘lén%eetlﬂerﬁ%fdsngfﬂug emp&{eyérﬁ'ﬁddlﬁeﬁ the olyi}If lene ether) has an

. ethér). Parti uIarIy e ul Iy e et
intigsl itrepios ek abgub 0{05lde inab &%Pﬁ reglbﬁ%w% the

polyi(atybet etherd c&mmm la]bt)utc o0t Shog 9Ht191 widightpperétre of a first
o 3R ) LR ! B SRR G5B 003 B 31 Mrers pe
gramm@hd @houtdl:. b topabomti 0 M@lgimpancnmobfbysechimaaﬂmegethm) having
anﬂﬁt?fn@% dlﬁbﬁtféf grededr Jﬂ ﬁq? Qﬁ&ftﬂ.d‘@&‘i’lﬂ@?sgﬁr gﬁﬁf‘ as

utyl armi ne” or am ne as one
constltuents of the OX|dat|ve coupl i ng. reagtion
Thei palyepyieng §qutpqrt)Cfg@hpp@:pmeeg@hpo%egtratlon of poly(arylene ether).

Fdﬁysskmplebltm eatyl(arsmde gfRupSolufioP gl dompatdt aiboed 16 rembout 70
wiEREPERERT of B cBrAohe, iksbppBiednih; 4E. Bulo iy BF the

polyg attyl e yetlzem) m}utsgnst WithinAthsutaegarthe ably(arylene etlhen) ooﬁcdnltratlon
mﬁpbé/ TP feabOlHRGH b@%veié}%qjeﬁ%ht,yor at least about 40 weight percent. Also
within this range, the poly(arylene ether) concentration may be up to about 60 weight
percent, or up to about 50 weight percent. The optimum poly(arylene ether)
concentration will depend on variables including the poly(arylene ether) composition,
the poly(arylene ether) intrinsic viscosity, and the identity of the solvent.

There is no particular limit on the solvent employed in the method. Suitable organic
solvents include aliphatic alcohols, ketones, aliphatic and aromatic hydrocarbons,

chlorohydrocarbons, nitrohydrocarbons, ethers, esters, amides, mixed ether-esters,
7



constituting as nuch as about 90% by wei ght of the
pol ynmer, may contain at |east one of the

wa@niosoasky| - cont ai ni ng and 4- hydr oxybi phenyl epir/Uus2005/000794
groups. There is no particular Iimt on the intrinsic
viscosity of the poly(arylene ether). For exanple, the

suffekidéarandane like haid cdmbinﬁtm tAéredMt I H§)lrc§fe1\féc!5 @ﬁ’ébdﬂhem the

ured at 25C chl m f abo
sofVegt HRBPTifeSdf Lribur 2Bt R Grrbopy ARy ooy ERaBBly peluene,
xyilmes ianditlee Nkes am&rrmytureayhdnmfam Mghbftpraﬁmad s@lvdnt iOtoNyene.
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ene et her nei’t AV
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m&ﬁb&’d hPdibcdfBon, GREMEYIGE th@ﬁéhccﬂ@&ﬁ)mtzhﬂtﬂh@ néthanol or ethanol may

Rl r%e%& s bt e RIS B8 S Bmprise a

lem algphit 50 eveight peebntt dfehg6l-C(argthatichyetrdearon. based on
the total weight of the poly(arylene ether) sol ution.

InArbHeP ehﬁ')'oﬁmﬁcal@ gt?le stonf?:np Fgeﬂgfaxtﬁ{}ﬁﬁg%%? lah C %6 alkanol By

concentratli on ast a
supstanitally fzeq; lta’édi}ﬁaf&(!h%éh@ lelveRty %lmrlseﬁxﬂe@ét H?fwt tOhl| g/elght

pek@RAOVF & TSRAUINLRLY | BNie ehBbAintce@f CR Mk Ipbef8d MBM the ddbvent
t o _about. 60 wei B‘hq-ﬂﬁiﬁg up ‘to about 50 wei ght
COPR Nt inygntiopa] ﬁg@(ﬂé}wf"ene ether) concentration
wi || depend on variables including the poly(aryl ene
Thet pelyjarylomp ethiet)i miutidmés pndfgr(lbilyya dwmogelwony sohitionnslnc other
wipSC 63! by ARt NindiSbidoh B phdiEraB) 180! of TREKGN G solid

part e sol Vent e
pamlmespeg@ilm@rt@l@rlg@m&a@bdwwn.gﬁ@at@r apy|lj picsemeter.  In
on@leﬁiﬂaﬁirﬁent kgt 98@§aryféhé %@F)'s@lu@@ﬂ d@é@ﬁ'&te'xﬁlblt a cloud point when

{earo ar bons, | chl or dr oc f)zf éﬂ él Qgrlgﬁarlbons
cogleder S'or s3p@ple; agn? g Sk @R ey nylgRg gthen) in
tokeak hx’ﬁ&;ohd:dﬁ&ateandleymﬁyl foahiaofdatinos phdse withoat theafisréte dolid

ng?s cglgraﬁ CEIStl(i‘, % 8| d BE)H]? ng rg;(ﬂ;ﬁ% Pla dqunqq%%ﬁ%e %u& Somt ofa
poly(arylene ether) solution (and therefore of determmmg whether a poly(arylene
ether) exhibits such a cloud point) is described in U.S. Patent No. 6,444,779 to Singh

et al,

&2.—

There is no particular limit on the antisolvent employed in the method. Suitable
antisolvents include lower alkanols having one to about ten carbon atoms, such as
methanol, and the like; ketones having three to about ten carbon atoms, such as
acetone, and the like; and alkanes having five to about ten carbon atoms, such as

hexane; and the like; and combinations thereof. A preferred antisolvent comprises
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xyl enes, and the like, and m xtures thereof. A highly

preferred solvent is toluene. In one enbodi nent, the
wenloserss4conpri ses, based on the total wei ght BET/U$2@05/000794

sol vent, about 70 to about 99.9 wei ght percent of a
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L8 ‘arQmat’i ¢ bon.. I'n anof
andi{he Bk, \ad imixtures fhereaht ingnother ewbodimenh thecantisglvent comprises

(aﬁin@ﬁﬁﬂd)l a&y 1 l}%@kﬁ}fahd)lahlbﬁtafnbﬁ &r ainhixtupe tRAIDE. ANEEhIyReferred
ﬁ?l I% ngrlseﬁ §SS than about 0.1 weight percent
OlYeRELOEBTATSIArBIO it

1n this enbodi nment, IS
preferred that the solvent conprises no intentionally
Inzhdtietr €inbOdinadnit,athe | antiFdivens aloy(ransyd ebmit eilhior 99.8 ovaiglitgrercent

métﬁarﬁﬂ £ @rgwut%@él%’l& o) to‘i&’én\%térﬁﬁ() l't{y‘ aBd % \)foggﬁtspe cent

aryl ene et SO ution’ is pre era

Walerd | E@tﬁr@léu, the|antsqlygnt icompsisescout 7 A te ¢ %r%’i wmeht methanol,
abbaiv 5 ng aBot 30 m%rgshlt Breghte@iRhe ! iiﬂnabbuml Ctquahﬁs wdlghtqieecent

enbodi nent ary) ene et her ution does
Wi ‘Preapréfe&{}gy’p ii“tlﬁmé’ﬁn‘c 6YPeses 552 Sl %,Ouésfg weight
pes@htitniethasoloibqan 1 § (& aiowd 2 fetdight-percénplobreyé,cind abbitel.j td sbout
5 &%Igﬂg&qc%hg’afgncent rated, they may form a gel ati nous

the discrete solid particles
characterlstl c of a cloud point. A method of

Thetemparatirergol the pelyéardlope |eﬁterbfrohathsloar5d(th¢ whisspdvent frampediately

befstk WidyQie CRABinbd QiR hafyecedrddRtis rn'iﬁn@' fH&oi&hﬁﬁcHﬁh% for example
In

thpeliiylEas e Smparia i e o P B%ﬂlﬁn?%ﬁe?g g, Vg, the
poly(arylene ether) concentratlon in the solution, the solvent type, the antisolvent
type, and the weight ratio of poly(arylene ether) solution to antisolvent. In one
embodiment, the method comprises combining the poly(arylene ether) at a
temperature of about 60 to about 100°C with the antisolvent at a temperature of about
15 to about 60°C. Within these ranges, the poly(arylene ether) solution temperature
may be at least about 70°C, or at least about 80°C; and the poly(arylene ether)
solution temperature may be up to about 95°C, or up to about 90°C. Also within these
ranges, the antisolvent temperature may be at least about 20°C, or at least about 25°C;
and the antisolvent temperature may be up to about 55°C, or up to about 50°C. The
temperature of the combined poly(arylene ether)-antisolvent mixture may preferably

be about 30 to about 55°C.



There is no particular limt on the antisol vent
enpl oyed in the nethod. Suitable antisolvents include
wo soasn7sakanol s havi ng one to about ten car bonPGE/USE®NS/000794
such as nethanol, and the |ike; ketones having three
to about ten carbon atons, such as acetone, and the
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anti s 0
ﬂasbttmatn @mdam@lramlam@a@umpn eOQBO@IYaImanQﬁ thesmrlcatmaéed solutlon

r@uc@%@h?%@@l ﬁorhnl‘hh UgRh B¢ nﬁ?aﬁ@ |r€oycﬁdpfooﬂﬁnﬁrllet of the heat
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hegteé lyfné]%y% eéhqb{ﬂ:sg]ﬁgpn t(b)t,hﬂ gfbﬁ elilré;lp;egﬁ%qargt%]_a portion of the
somtlhyih@l)fﬁhﬂlpﬁﬁbm’trate& plikﬁ(hwﬂfﬁm%thm ndohntivln, and recirculating a
3- met cycl g tano C a apd _t I
poatllcga élée %( @tg‘# ed Pﬂiygar%]iéﬂ e%{hgry;)bpo uti 8 qlg)(ient dpléﬁearﬁlrhq the
ﬂ@htvescl.vent conpri ses (a) nethanol, and (b)
i sopropanol, n-butanol, or a m xture thereof. A highly

Ccﬂﬁﬁhﬁfgrtﬁg tpenﬁ(mfe!na fher) %mfohs\ﬁﬁl fH%ta{hﬁE‘(Sllvenﬂanﬁ’sr‘QbBlgga%lene
nbodi nen he antlso vent conﬁ es about 60 toO

et]’Wé) RPN e nkhenteod omay.o optiqngliyy dthes ocapprisst separating the
a@&rﬂe ctirystid, fr@n thdpoly (atylaleuttier L Gispersioht h’p&xlid:ﬁﬂbodlment

50 VI SRR e SRLARSE, A8 i
cowapirigéxt fijpeationnin andthemembagirdenthsaparating shabalytargeneether) solid
frdtfy thé Phlgg@g%geu ehgfs)edl ersisl @&Jgémsetsrb% aﬁi%hv eéﬁhtable filtration

rcen
apﬁ@lgg'é% includso getating tt&teésbcs:@fltlwuﬁeﬁogw Ysuwanfilters) gaptinuous
m@ﬂﬂ aRQUEiltdrsD YathabiRers, andethg ikePerSiffableVadlR/liquill separation
rrPer atures of . the §ﬁl§¥1§g I ene et her) solution and
aPpRBLSHR PCs GPRNTIRHS G A  SRVGRES hey are conbi ned
will vary according to many factors, including, for
Thexaethbed allows control of the particle size distribution of the isolated poly(arylene

ether) solid. The desired particle size distribution may vary as a function of, for

example, the poly(arylene ether) composition and intrinsic viscosity. In one
embodiment, the isolated poly(arylene ether) solid has a number-average mean
particle size of about 200 micrometers to about 1,000 micrometers. Within this range,
the mean particle size may be at least about 300 micrometers. Also within this range,
the mean particle size may be up to about 900 micrometers, or up to about 800

micrometers, or up to about 700 micrometers.
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the poly(aryl ene ether) conposition, the poly(arylene
ether) intrinsic viscosity, the poly(aryl ene ether)
w@egnserssiat i on in the sol ution, the sol vent typer/Uus1oes/000794
antisol vent type, and the weight ratio of poly(arylene
ether) solution to antisolvent. In one enbodi nent, the
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pOéy(h@rle)neseﬂmn) isgreatgidt with He famti@@hmeatagentnn @ﬂl@tlon or slurry prior

toSSRABIATRAL . 18 REERE efibbBEndrhCard Hotid YoBERRBher) may be

solutjon Is conducted. in a continu S .pracess sect1on
treglspyitls 2 ggsequp ddctignalizingagent. J0then frctipnalizing ageats, as well as
fufictionulizihg mtmpare%twrﬂﬁaj foy , fexﬂﬁplfe, Bf Ut) PacpndoN 4838, 397 to
SO C romtne S e
vep ey MeBhet bt et BRleHF B iBton N5 AR08} o ivR%
enbodi nent, the flash unit is operated at a pressure
Ohe smbpéiarend rie aametmdhef precimidtinger pelyfmylgne rethep), qohgrising:
coRf¥iNibat y}%cﬁﬂﬁrﬁﬂ{eu%th&;?)sofuﬁoﬁ %tmﬁﬁﬁnt%maf‘ @ ForinSa polg(arylene

gr eat oint of the solvent at
ethgr) lsiéﬁpem@s SQMBrI$IAE { T PO %wlﬁna rﬁﬂ%er) IsAlidiy pdersib dg patigolvent

ohgﬁlséﬁﬂﬁﬁlkﬁ{(ﬂﬁﬁwlhg onB té Bout texsearbo zitofn@SWhél‘éld the poly(arylene
t@ﬂe ixtlcflashjn t ,of the sol

AR CQTPRe hae 16061 SHE et drdr )a SBivERt oWhergip the
poty(arylénsecther) comiprisesga poly(26-dimethgke] 4gthenylpneether)ea pély(2,6-
. | i
dl{ﬁ% ”gi rl]q féjﬂr%gyféf?é %‘%&%0%6 ?{1) h}'l $9 p&feh?fgn% %ﬂﬂeé) » o1 3 mi ture
thereofy wehesqin dhepsolvent repmpsiserya Qaéilh emwplmdﬂcartgﬂneﬁ@d wherein

saff BAbiniHL Icuﬁlgﬁgbstr@lxtdgewfdl ASheaY 8418 8f gleRtePMAR %0@09 s&c’.
portion of the solvent and forma concent r at ed

NERE T AN T W—
coadinihg @anpdly(asylae ¢ther) gslutiomwithf ait Artisolvent to form a poly(arylene
ether) dispersion comprising a poly(arylene ether) solid; wherein the antisolvent
comprises methanol; wherein the poly(arylene ether) solution comprises a
poly(arylene ether) and a solvent; wherein the poly(arylene ether) comprises a
poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic viscosity of about 0.05 to
about 0.3 deciliters/gram at 25°C in chloroform; wherein the solvent comprises
toluene; and wherein said combining comprises mixing with a shear rate of greater
than 75,000 sec™.
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flash vessel. Conbining the poly(aryl ene ether)

solution with the antisolvent forns a poly(aryl ene
wetrdeen)ssai sper si on. The net hod may, optional | ypCT/usionge00794

conprise separating the poly(arylene ether) solid from

the poly(aryl ene ether) dispersion. In one enbodi nent,
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300 microneters. Also W pppn ypps range, the mean
particle size my b%@&i—e—&b&u{—ﬂ(w m croneters, or
up to about 800 m cr onet er &8Iy up to about 700
m croneters. The net hod may, optionally, further

wherep PBEk i theatpacigedt belkpdénsitar arde AdI2tik eth¢ agrrated cbulk density.

CAIBELIONT 5,8 ST PR B o
asafed ex@Nplet a Piosakavarsvidn ésshiog, devieg wﬂablélfwn Hosekasya Micron
Pd?vﬁ{e}l? Xﬂehﬁ @@'C‘Bat}ﬁﬁi goad kuaiiteNy apa, UBAe THeFd M8 inverse

am no, dr oxy, the like., Suita
i%w SRRYSCR; R?ég%é erqSﬂgalua @alumndeﬁawwgty Walpes @s shown
mambd:l: 1f betewi cnelbdbde 1péreént canipysdsibility israblereviatids ComggY, and
ﬂo%’ahl\tt& g nyl?rg% t%g mFijmaI ol ushyﬁfe?'pe% &}élrceelﬁF f%mﬁr@%g},l y vaefues are
0 @rﬂbpdt 20 preférablyy toidbsut( k.3 mors pydﬁ@‘ahlycﬂ to abpuutnlg4 oil,

linseed oil, sesanme oil), unsaturated carboxylic acids
Ta?qué:h as acryl ic acid, crotonic acid, nethacrylic acid

CoHip JHTEWC [Xdp [HIsw 1o CP‘l(SW”UCbnﬁiJ‘vlFlow I'Olal’ﬂp Tow

0.6t cyheiy ar ‘13‘5 Ul)&’) al qoho), eIt uNsSgiur g ani3ges | 23

TSuC @ al [t ee A 230 62 308 [42 36.5 22

2.0 100 145 |81 24.5 61 31.0 41 36.8 |21

3.0 100 I5.0 380 25.0 60 31.4 40 37.0 20

4.0 100 I55 79 255 59 317 39 375 19

5.0 100 16.0 78 26.0 38 32.0 38 38.0 I8

6.0 98 16.5 7T 26.4 57 32.2 37 38.5 17

6.5 97 170 |76 26.7 36 32.5 36 39.0 16

7.0 96 I7.5 75 27.0 35 32.8 35 395 |15

7.5 95 18.0 74 272 4 33.0 34 40.0 14

8.0 94 18.5 73 27.5 33 33.4 33 40.5 13

S 93 19.0 72 28.0 52 337 32 41.0 17

9.0 92 19.5 71 282 51 4.0 31 41.5 I

9.5 91 20.0 70 285 |50 34.2 30 420 |10

0.0 90 20.5 6Y 28.8 49 34.5 29 42.5 9

10.5 89 21.0 638 29.0 48 34.8 28 43.0 8
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preferred functionalizing agent conprises nmaleic
anhydride. In one enbodi nent, the poly(aryl ene ether)

wo soosneated with the functionalizing agent in BO/U$10051000794
or slurry prior to precipitation. In another
enbodi nent, an isolated poly(arylene ether) may be

(TIgeaEg w tzh.sa FFeouy JoCtignat T35y q@ent . [GBiser 7
TSMargonalizing [@ent 9,296 Welel ag 3cHnctyienal 124100 | 6
[TIeT NS, qrE.3ieq®@s beq,30(mr [esanpl[g5.4 n|U5S.” Pasant |5
I2%. 8888, [3BW0 T g 64an (0. VEEF4et  4136,0 anddJapadese | <5
13t grg4 Pugl 1 catifon No.| Z2003-[18338% T 0 Tokiwa &t al.

One enbodi ment 1S a nethod of precipitating a
pol y(aryl ene ether), conprising conbi ning a

Eeg leé@)gﬁ%lﬁﬁ%??a P‘ﬁ’rﬁ’é‘ é&h amn PS?%}ﬂg}gieigle\fﬁé}g Jo?nprlsmg
mp@sﬁ@apydpen& etmé-sr()iryémeu Qifxer)vh@luéom comprising |asmly(@mlene ether)

I
oS0 SN IR 8 AR it

at aoshoar sae of epatey 0 886 eko fozmqaa ao%wlgﬁf cthgRdigpgssion
contjRishpl ( ly}(h@l&heeéthkﬂy )soﬁdmﬂ{d firandfor separating the poly(arylene

etﬁq héél %e :ﬂ%_l leng Rt er}/dlesgeersi%gl §"Bem an RINEE S poly(arylene
ethdrh sohd:o "Bh,ea)o@y(arylmt éthier) Isplitiphenayl be @regtateel by polynzerizing a
m%&%ﬁ%@ o %ﬁ‘g?:ﬁ % s'g rﬁ{(;) iar Hgﬁvesigl tﬁmﬁklﬁﬁﬂ%h %gﬁr)asolutlon may
becprapired hy d@@ﬂﬁmgseeeremomlm gsalated paly@nelgre ether ipp solvent. FIG.
1 gfu@ﬁ‘ﬁt@i oﬁé’é}ﬂbcﬁ@xnm& 1 aryfé?ﬁtelﬂﬁirr RORA6H Hﬁﬁﬁrathssl@t Optional

t at
0D s;wsedﬁi’sérﬁw?#sﬂ o yﬁﬁr&q@ﬂ@?ﬁeﬂ sGlyet prform a
pdAy(hi‘ylafe ather)ssolutéoit 510. ftThén @uz(ajwe(mr wther)esatitiar 510 is then

co & aiesdl g so?v%{l SI Ol alnp8 ¥<§n%[ é)rec nct:cﬁlttrag?x)l sol 59 to form a

erelin e anti so vent C
conbentyatddy pely(arglaee ethietr $01@tmm62(bn Titsnpnecmnfaatlon unlt 30 may

rié% %rﬁgaﬁgﬁhgﬁ%hg rh, Q'}ﬁsﬁ‘ e§%o¥zﬁfbtn »unt$f, &l & RBirculation pump

ar y ene et mpri s
362&%92 NsnHD e dHopt arrtlsalvsﬂtewwtéwe 4@ip epmbingd with the concentrated
Whafyiléiel gthot) S61atbi BZ@ﬁn BipBlshedt AixidgOp@hp B0 16 f&m poly(arylene

5 e B e PSSO B et

optionglr preeipitation tagk Va0t Wheresih@éastinrat endfelepseditagaged anly(arylene

etﬂ%% &?ex%ﬁ)glp%sr@n?%g ‘igecﬁﬁ&gﬁ%rﬂﬁﬂé gfhgrgad n@%hs)féx?gwf & ?erParated by

opsighald¢emnifuge t7ﬁem105@9ra iged polvoitagng anisolvented§0 e@ﬁmplyéaé“slene

eth&$ §oﬁch evo 10rneep &i;ec@tﬁér) sBﬁ&fSZO q:%hveayﬁa;@ \Acfephi@ﬁal%ner 80,
ss i ght
E@#BEWPC eaépbK@W §ﬁ§ Bdéﬁé 38 microneters. It
W || be understood that "snaller

The invention is further illustrated by the following non-limiting examples.
EXAMPLE 1, COMPARATIVE EXAMPLE 1

A solution of 38 weight percent poly(2,6-dimethyl-1,4-phenylene ether) in toluene
was prepared. The poly(2,6-dimethyl-1,4-phenylene ether) had an intrinsic viscosity
of 0.46 deciliters/gram in toluene at 25°C. The solution, at a temperature of 82°C,
was combined with antisolvent consisting of 78% methanol, 19% toluene and 3%
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than 38 mcronmeters” refers to an equival ent spheri cal
di aneter less than 38 mcroneters. One advantage of
wo besiorssent i on is that poly(aryl ene ether) sol P@BEUS2005/000794
prepared by the nethod exhibit inproved flow
properties. For exanple, the poly(arylene ether) may
wﬁ%hétbi tt:m@elfahQW@de)‘iG Yn M&blﬂrihe()ﬁtl@ b U5, ®epdctivaly0 FoY\Ekhample 1,

ok S5 PE95H Bl ORBMYcf oM Db RYBP pPfyrrion

byat shemsteadfol R0,EW. sekl' ometistorirotpr gay widthdeft @ﬁﬁnrméldnﬁyrs and a
mm h@éﬂ 191%51‘:@&8% éPMﬁ@%{&/sédohM Foe o r?rgfaxatlve Exaﬂg)le 2, the

conpressi b termned acco
soufipat mqameelvemswemewmme% ippstiyred ek w@k%awt% having a
rofRfi rhté FNBOARE hid bhenégy ahsd alwhtkfdil@n&h&yless than that of the

ressi bi | be neasure
higl APFLTMETR AL (5 Grme T8 (RGP o obiaiaed Biteoifiued qdried, and
chapradtiaad by putiete shﬁsinal)gxsdﬁmgcml\/lamm BSD€partioln skiestidcabation)

arfy L NS o Rst R aich AL AR e SHAHE e Mhight percent

fiePe" | FRverse e rreI
ofnmrt@xéwt sneadlep thaps38trnicranyeters| dis resudis fproseatseid|in {ipblead, shesy that
b 2
G TASHRICH g Rk bid o RSl IS Soen Y PR i gid he
?@P%F%Y“e@’ﬁad@ & "Flow'. Thus, preferred per cent
conpressibility values are 0 to about 20, preferably O
Tdlde 2bout 17.5, nore preferably O to about 14. Table
TOne enbodiment 1S an appar at u§ B0l pr epari ngCaEx. |
wPight/feaéent 6NparatIBEE)§ mi@opEiless Ng:4.Teans Tor prEPRring a
pol'y(arylene ether) solution conprising a poly(arylene
ether) and a solvent; neans for conbining the
EXAMRIGE 9) EOMPARATIVE &IXAMEBBESNd an antisol vent at a
shear rate of greater than 50,000 sec 1 to forma
pol y(aryl ene ether) dispersion conprising a
Tl@bﬁb@@dlﬁfé en @xﬁltnbférf af@ Coflipapitide TBARDId @ wRERBE a@éd I%chpt that

gy GRS e o (6 PR A %plp%wlﬁoé befioSas 0.40

dezilhes)pran) aad tHd@obahry(cae ydthery sehitieh) camdinéd m%my pody(2,6-

iR oAy BRESROL , T Rert e bl RCFR, 3 o show tha
higlo Ishtar amixingyprbduqes ep asadated poly(aylohe ethgr)chapimgva duted content

of RQLaLBH HRUIVSALYEENe ether) in a solvent. FIG

Table 3

Ex. 1 C.Ex. 2
weight percent of particles <38 micrometers .6 10.7

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from essential
scope thereof. Therefore, it is intended that the invention not be limited to the
particular embodiment disclosed as the best mode contemplated for carrying out this
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1 illustrates one enbodi nent of a poly(aryl ene ether)

i sol ati on apparatus 10. Optional reactor 20 is used to
w@olognessiee a nonohydri c phenol in solvent to POI/DSE05/000794

pol y(aryl ene ether) solution 510. The poly(aryl ene

ether) solution 510 is then concentrated by sol vent

inv@fidvabutithatQRé invediorPWHL RORAS tall @kribdlinkeiitd faBithg! Withi@lthe scope

(ﬁggncentéﬂiaypfoly(arylene ether) solution 520. The

Son unit 30 may conprise a heat exchanger
a flash evaporation unit 34, and a recircul ation
Ab uutpd 3&enwnpatsttlapphd;atﬁﬁa,anﬂrcmlmranfe'remotwantincroep@amdiherein by
mﬁth t he concentrated pol y(aryl ene
reﬁg%gk?nsothlon '520 in high-shear m xing punp 50 to
form pol y(aryl ene ether) dispersion 540. The
pol y(aryl ene ether) dispersion 540 is punped to an
optional precipitation tank 60 where it is stirred and
rel eased as aged pol y(aryl ene ether) dispersion 550.
The aged poly(aryl ene ether) dispersion 550 is
separated by optional centrifuge 70 into conbi ned
sol vent and antisol vent 560 and pol y(aryl ene et her)
solid 570. The poly(arylene ether) solid 570 conveyed
to optional drier 80, which produces dried
pol y(aryl ene ether) solid 580. The invention is
further illustrated by the following non-linmting
exanpl es. EXAMPLE 1, COVPARATI VE EXAMPLE 1 A sol ution
of 38 wei ght percent poly(2, 6-dinethyl-1,4-phenyl ene
ether) in toluene was prepared. The
pol y(2, 6-di net hyl -1, 4- phenyl ene et her) had an
intrinsic viscosity of 0.46 deciliters/gramin tol uene
at 25C. The solution, at a tenperature of 82C, was
conbi ned wth antisol vent consisting of 78% net hanol ,
19%t ol uene and 3%water at a tenperature of 300C, in a
volune ratio of 1:5, respectively. For Exanple 1, the
solution and the antisol vent were conbined using a
hi gh shear punp characterized by a shear rate of
180,000 sec 1, a stator-rotor gap width of 0.15
mllimeters, and a circunferential |inear velocity of
27 meter/second. For Conparative Exanple 2, the
sol ution and antisol vent were conbined in a stirred
tank with an agitator having a rotation rate of 130
rpmand an energy input about forty tinmes |ess than
that of the high shear punp of 130. The precipitates
thus obtained were filtered, dried, and characterized
by particle size analysis using a Mal vern PSD
(particle size distribution)
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anal yzer, which uses a | aser |ight dispersion

technique to determ ne the weight percent of particles
wemabhess4t han 38 microneters. The results, presEnuedos/ono794

Tabl e 2, show that the Exanple 1 precipitate had a

substantially | ower content of "fines" than did the
Clamgsr ati ve Exanple. Table 2 EXAMPLE 2, COMPARATI VE

EXAMPLE 2 The procedure of Exanple 1 and Conparative

Exanple 1 ed, cept the {ntrinsic.

Vi acbsi t RO Ry Ghitnel g Skl

ether) was 0.40 deciliters/gram and the pol.ySar yl ene

et heeomigoingt & apely@mniencn ether2 gelytion oVl 2nsantisolvent to form a

pdl @RI etherfdRP&GSBh %Bﬁpﬁﬁihg h)poly[A91en8 StHef)Soli@y esent ed
in Table 3, again show that hi gh Shear m’xi ng produces
an isplate o] y( | ene et her) havi.ng a reduced
cont Whtir e Rb T lsbs §th§ﬁéprutla PSS AR 1§ giher and o
solveat;iandent i on has been described with reference to a
preferred enbodinent, it will be understood by those

Ki | in t . i . .
ana SitelorAd bt Bt o AR oFBY lf St than
50,0 ssef- wi t hout departing fromthe scope of the

invention. In addition, many nodifications may be nade

to aglapt phdmethod W laifill Yt tHR shEBrekiidhbdiu® 61080 to about
teachi ngs of the invention w thout departing from

sSentfal scope thereof. Therefore, it is intended
that the invention not be |imted to the particul ar
enbodli menThelinsthod € dlaas 11 Whereasdaidanaebiningtcomplis¢sadixfing with

j . ISl j , but that the i ti
a §thp S skt B BabteET: et 1 1'hg wi thin < he scope
of the appended clains. Al cited patents, patent
appl$-cat i %ﬁg methefl of elaym Pepheisit the shater andcBegetosdetine a gap

witet 6f dboly 0 DERGERE E rhillich&ed. r entirety. CLAIMS: 1. A
met hod of precipitating a poly(arylene ether),

conpgi si ng, conpi Ni a poly(arylene ether). sol ution. ..

W tho-an e Sotgd el e BT RGRRRnS eSiol hanh birffafejental tincar
velocstyerfsbout IctoraboutsliOfgnetersgley éeaoyd.ene et her) soli d;

wherein the poly(arylene ether) solution conprises a

pol y§.aryl Re n&ith&f f @fith & wherein said combining is characterized by a
volume ratio of the poly(arylene ether) solution to the antisolvent of about 1:1 to

about 1:10.

7. The method of claim 1, wherein said combining comprises combining
the poly(arylene ether) solution at a temperature of about 70 to about 100 °C with the
antisolvent at a temperature of about 15 to about 60°C.

8. The method of claim 1, wherein the poly(arylene ether) solution
comprises about 10 to about 70 weight percent of the poly(arylene ether), based on the
total weight of the poly(arylene ether) solution.

9. The method of claim 1, wherein the poly(arylene ether) solution does
not exhibit a cloud point.
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sol vent; and wherein said conbi ning conprises m xing
wWth a shear rate of greater than 50,000 sec 1. 2. The
woredosotssed cl ai m 1, wherein the shear rate i s BODUE2005/000794
60, 000 to about 500,000 sec 1. 3. The nethod of claim
1, wherein said conbining conprises mxing wwth a punp
CONpI(.Si NTha @kbar ofdthird 1.0%@ther dconlfiesinge tph@dnodntrating the
ﬁ&@ﬁﬂf 3,tmhg%ﬁin the stator and the rotor define a gap
P ens eSS 01 to about 1 millineter. 5. The
met hod of claim 3, wherein the rotor has a
circunferential |inear velocity of about 1 to about
100 nmeters per second. 6. The method of claiml,
wherein said conbining is characterized by a vol une
rati o of the poly(arylene ether) solution to the
anti sol vent of about 1:1 to about 1:10. 7. The nethod
of claim1l, wherein said conbining conprises conbining
the poly(aryl ene ether) solution at a tenperature of
about 70 to about 100 OC with the antisolvent at a
tenperature of about 15 to about 60C. 8. The nethod of
claim1, wherein the poly(arylene ether) sol ution
conpri ses about 10 to about 70 wei ght percent of the
pol y(aryl ene ether), based on the total weight of the
pol y(aryl ene ether) solution. 9. The nethod of claim
1, wherein the poly(arylene ether) solution does not
exhibit a cloud point.10. The nethod of claim1,
further conprising preconcentrating the poly(aryl ene
et her) sol ution.
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