PROCESS FOR FORMATI ON OF POLY( ARYLENE ETHERS) W TH LOWNER FI NE PARTI CLE
CONTENT BACKGROUND OF THE | NVENTI ON [ 0001] A variety of nmethods for
prepari ngvandizrseizat i ng pol y(aryl ene) ether honopol ynmer ecanmb2@opedyners are
well known in the art. Many are described in U S. Pat. No. 6,407,200. One
est abl i shed nmethod for making the polynmers involves precipitating the
polymer after the conclusion of the polynerization reaction fromthe
reacti on nprbEESS GWR RIRNIA THSN A yol‘?(ﬁﬁnsﬁl*!@ RIrISHS bxmﬂtmiwems)mw th a

pol ymer anti-solvent such as net hanol or ueous nethanol or the like with
agitation (stirring or shaki ng P&RHGEE G Nind then filtering the
resulting precipitate. Such a procedure is often suitable for efficiently
produci ng high yields of the desired poly(aryl ene ether) polynmer product.
However, BAgE@RAQUIE0HE HIT IAMAEKON o0 t he process. For exanple, the
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parti cl e hsimppoljees andleupobzbmstare%elhkmvonet@rast Many are descnbgcomozqs Ht.nes can be

eeponst g8 ot (B kSR BIBRY ST AR S IE aRLPIETRIBY e
of poIy(@byhenahemhemhddymjmghépﬂﬁﬁ@ﬂmmmUamﬂodﬁymng:&bﬁgﬁsmxdﬁenwhwhines
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r Iesul ti n\%ﬁﬁd@ﬁs mﬁm?aﬁ ??th?ﬁﬁ@@ﬁ%glgm%m (mﬁmglatk hl%aﬁfngl@f ﬁesmf)eandrtmsltmlwg tri ]gger
al ar s, ich shut o e powder transpor rou a transpor ine, for
exanpl e, HSTEIIPERICGR{laL; ﬁ‘&?hta(fr%ceg‘i“%s ‘?fﬁnéu%}?ﬁ{%b"rfgﬂﬁ'& YdF%‘chmg 1gh 1 0003] As
a second yi@dstRlihe defircdBEHAlend &&erﬁﬁ&ﬁﬁ&ﬁﬁod&& highveowdRrard donRs can nmake it
dlfflcult to efficiently separate the p %@» powder fromgas in drying
t r anspor tdranpaclsig the\prgces. Fasyrmple) the thé(araz eﬁﬁhl?raﬂapw@@r@rodﬂi:w&@/ thi§ vent
T nes 1T o o b O L e ok,

i nes [ s i Cu [ su g s

Mor eover pagtigles havagehpasticld sifq lnssghanahoetr38apieroggters @pl osi on hazards if powder
handl i ng invo t r stallation of
expensi ve safg¥§§£%g§3%gheﬁ%ﬂﬂmﬁk”bréQ¥éﬂgﬁgﬁ§?|fﬁﬁhﬁgﬁgggmkﬁ'addltlon to
transpormnwnduﬂkﬁwpmnebléﬂaﬁﬁiheﬁyrwgenmsmgim@yh@sm@amabemph@bbeﬁat|c

o SR EMERcARAD PR FRET BEOap AR B, B Brodyey o, For
fines ofﬂmﬂﬁﬁasndwnnaweamhemﬂmhg@mgﬂﬁ@ﬁmdamH®R\andmmenﬂumpnmahues to ensure
proper feegcg s“? asnr ed>r(o s, resulting in inc ase(gl IO ss}) %1 e lte glrf): sue ess ta? reduci ng
fine partTcre CoRtent dirl n&; B LY r? 1] Tﬁr &he' °&Y Fu PYE Wave been
reportedtnéefmemanwhehsﬁﬂﬂﬁth@@n&hfu@ﬁ@ﬂahkmghaum&by&amymﬁmemn@bher W th
reduced gomder flﬁe | evel.s is alsgrdescrlbed in US. Pat. No. 7,205, 377.
The net hdW LOIFPISERY LUCHRE FYRPYNUBEAT ng a nonohydric phenol in the

pr esence of a[@obVANE sRBAl @aCP TP bencrdBh@preSent&bsth poin@ePlid USEmake it
poly(aryl ene ether) resin and then renoving a portion of the solvent to

pr oduce STl endl St i o Ralet R T 08 G BORYRE TEBRIEYSPR

concent r gfHch SRNM ] @O adcimbiRgh SIATHRE BeRnWytBmaNnd PbdsivRduéitisdhs e Ci pi t at e
the poly(arylene ether) in the formof a precipitation mxture. The

concent r dtetimemherei Binaralel hefinpadron theHset anica @ificalf addise-consyane (Tei nd -
10 Q) i mﬁasﬁ' Iﬁt)ﬁb‘)'erbcﬁé ﬁ[reg'enbé off ffhe§ OIHRUIDEL 1Y éxBloTsJBﬁ ha@Rkds 1%\)%1%Pﬂandﬂ_
precipitation m xture has a tenperature of at |east about (Teioud - 40 Q)

af t er it gnvobieprgeritaghwith air, thisggo@pitatingtheppgtadlatione expensiye safgg cdiigebtses a

nmet hod of pre ticles.
The et hod” colepy o+ IR, B ARG haRRd St i BEOLEE M E8RRG00 cec-t a
pol y(ar ylfenecatbh@roplamakit dnengsiubseqecns mmmundmgopem&tmnawdn@qgéomlﬂmed The

B e N -

disclose&ﬂamd@hmemmamevmnmamnoﬂdﬁmﬂumdeampyvamﬁngemmhmﬁqkyﬁedenenmer)s with
reduced flne articles involving adjustnent of a single precipitation
paranetef ({gr t he pol yner/solvent mxture is conbined with the

anti-sol vent. [0008] U.S. Pat. No. 6,407,200 describes a nethod of
preparing poly(arylene ether)s, wherein a portion of the reaction solvent
is renoved after the catal yzed oxidatilve reduction step. Renobval of the

sol vent portion | eaves a concentrated solution of the polyner product. This
solution is subsequently conbined with an anti-solvent, to precipitate the
desired pol yner product. If the tenperature of the concentrated solution is
el evated to specified levels imedi ately before conbination with the
antl-solvent t he generatlon of the unde5|rable flnes may be reduced
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(a) conbining a first mxture conprising a poly(arylene ether) and a
solvent with an anti-solvent to forma second m xture conprising the
sol vent, wbeomnt2st7sol vent, and the pol y(aryl ene et her); pamaS2011/02984€r ei n
step (a) further conprises nore than one process paraneter selected from
the group consisting of (b), (c), (d), (e) and (f): (b) agitating the
second m xture with a shear force generating device at an inpeller tip
speed of 6 m §005] $&8/ approachest&ledi LY il Oﬁbﬁl&lé@n{e&lf&ﬁl ?‘pﬁd\iétﬁ)n%ff step (a)
with a solids content of approximtely roxi mately 50 percent by
wei ght ofPolyreylges siealsyperfece fapargd. riog Pwmple a metf(Od)forrmt:mflag fing a
temper at Ui Rf1oAd)BusERNRRle bk Bordhng LG8 s b GMEA il 1804 NG, DOT 1 ng poi nt
of the anti-sol (e) providing a ratio of the anti-solvent to the
first m ﬁtﬁ@ﬁéW)yTIWemqth @rmpalpvr@damhet@pbnga monehydppplseplathel pyesqnce;  and
(f) prow t wat er by
O%Q&V\%n%%%wtr?%% ﬁé%@é&%%ar% eggfﬂ%ﬁﬁ%%%g%{%? ?Ig%ul%gtg&} ncl ude one
or bot h mémO\(lmg)amtlwmofammveﬁﬁomdgma@mp@enatedeéluwltavuﬂg@s:mld&?biner t han 38
m cr omet n._p reater,t {ror e
M or oot aree TRyl MRS I R BN RO B P Fect ed 1o o
nmet hod f eolyradacdting) ipohe/foan pt mnealpﬂ%tti@emsaxtomrﬂme somgntytddryolupt owellly parti cl e

h t t
2012/ 125 F0PCHPRUBIAbBG AT i 10807 Ty B GRGU BT Her
conpri si ragtlmn@inyﬂfelp@ecqhten@i mik&ir® fasane@parger of afitat ong(1gas - ant)afeonpl ex

net al catal(?yf in a solvent to produce a first mxture of the poly(aryl ene
ether) rdSi9M34°% nixture in the sol vent: (b) renoving a portion of

t he sol vent f[(m)mswe PAtERINOT XS LI dl@chESOQM&ﬁocﬁoiCp? }ﬁf&hﬁ@-ﬁ(ﬂﬁkafyild’n%t m xture;
conbining the mxture of step (b) with an antl-solvent to

and
f orm a sé’%ﬁﬁiwﬁil%td&?%l find particlgiye fﬁe@%ﬁ‘cﬁ)ff(ﬂfl)gesfc‘t%ftbﬁé‘tg ¥ E8&Olor e t han

one procee%o@awmegec@ealp%gkﬁ?leﬁé QMRS RE St QUR aGORShSS 1M aQfispeion. (€) ., (F),
a t he second m xture with a shear force

(g) and agi't

gener at i ﬁﬁb @@QIieéé’f%?EP@WdlpfﬂSlﬂﬂltP@tg rolysarglsaeefherps I@dmsebsttﬁntlaléslewer content (@)
providingrhg first adm xture of step (a) with a solids content of
approximately 10 to approximately 50 percent by weight of the poly(arylene
ether) resin; [0007] U.S. ?&tyntrlﬁﬂ A/ 87,00 Iscipseeampdempuycenghod feeproeipioatidgni xt ure at
| east 5 (g)
providin 3]?\{@? I|leo 0 glrg(ﬁ!tcieéﬂ gtlhdtqéstlmd‘gtgge? grtlen%gi%/ﬁ{r? le Brem\lx}etauoﬁ

appr oxi nmamhyte@aﬁerlhetpml)al{mﬁsoixemmlahge igedipbiggudyith the anti- (dhs)enpr ovi di ng the

anti -sol vent. fp&rﬁg(/fé@' PR 09 F90h Hesc l?espere(tl?orglt(}f\ﬁ% grlrmr%é%() ggyﬂ:ne ether)

wherein the i partlce’slzecarac errs e one of both of :
(1) up t_@vlﬂhﬁmi p&@Bomei tgdsmeaqmn@dmntdsfremavddl alleede savalyledroxtdaave rd8uciber onet er s;

and a (i I gaﬁl é@ @ S|tze 9r %ater t han 1%? ir. m)w1 mlcronetgurs.
1100151 FHPaRGUABY 0blpadyen piuoh fgiseiconacte whiipaa! i PaSHE Rote o
produci ngmcsbmﬁaﬁ }ék&lﬁb@ﬂlueﬁﬂﬁ&hﬁblmdtvﬁth ane el eatotpr&ltakl tiedsshar act eri sti cs,
t he rrethod conpri sin the step of:

polymer product. the temperature of the concentrated solution is elevated to specified

levels immediately before combination with the anti-solvent, the generation of the

undesirable fines may be reduced.

[0009] U.S. Patent No. 6,316,592 discloses a method for separating a polymer resin
from a solution slurry which uses a precipitation aid such as a linear or branched polymer
which absorbs onto the surface of the polymer resin particulates.

[0010] Finally, in U.S. Pat. No. 3,923,738, a method is disclosed for preparing
polyphenylene ether resins with narrow particle size distribution, higher bulk density and of
substantially lower content of dusty, fine particles by precipitation from an organic aromatic

solvent with a non-solvent medium which is capable of forming a two-phase system with the

aromatic solvent.



(a)oxi datively coupling a nononmer conprising nonohydric phenol using an
oxygen contai ning gas and a conplex netal catalyst in a solvent to produce
a first mvetoresonpri sing a poly(arylene ether) and a folwsee1laegs4t hen
conbining the first mxture with an anti-solvent to forma second m xture
conprising the solvent, the anti-solvent and the poly(aryl ene ether)
wherein step (a) conprises nore than one process paraneter selected from
the group congiogij P&pRE heR)and bhkr afptdachds€d ndB derfdins: for a method R)préfict ati ng t he
second m xture with a shear force generating device at an |npeller tip
speed of Plyfarglersyetheg)sgvith improved partige §ig¢ ellapglefifEess i rst mi xture of step (a)
with a solids content of approximately 10 to approxi mately 50 percent by
wei ght of the poly(aryl ene ether) resin,; (d) maintaining a

t enper at SUMMARYEN SAERARIMENTY OF BIE IBMESNTENC | ower than the boiling point
of the anti-s Vi di ' ~ I nt to the
first nlxtureﬂL gagnsﬁmdang%%?%%%ﬁ%?@%%”g?%@%&%%ﬁgﬁ%?gQ@#%ﬁ%ﬁg%%g1; and
(f) provn@ang&mﬂénanummagbVEhWﬂcwmghﬁsMmglmmﬂﬁmﬁemﬁﬁanoﬁmpemtbnkrmater by

i ght; |
\glrel got h Spean Fau}lgle 312? %%av{ri%g o t%at R %sEmeéllt (():fevrsil 1%1%@%00%&5?&@%:5&!15& élrr;SnI Ie::lc t Egﬁ gge

m cr onet epspinatixch, &a«ﬂs tb )owm@ac@mges oil Mes azcelageeammge phvacle 1065 iantharor e

m cronmeters I IF% @% In a further aspect, the invention is directed to
a ponphéﬁV’@ﬁ@og BPOSiHhri si ng a pol y(2, 6-di met hyl1- 1, 4- phenyl ene et her),
wher ei n the paloyphei) 1& Rdiretahect, tenivahis ia difiel ty a@l&tho‘d&& froduding

nmor phol i ne tainin t.al yst rein the i.nproved particle. size

char act erPPEVf Q‘ ngethe é” ! W%Oﬁ{%‘?ww%ﬁ%s%‘% Hearact eﬁétfcﬁcf ¢ %@‘O%Fo%msﬁlgd ¢ (i) up

t o about skBowei ght percent of particles snaller than 38 nlcroneters and a

(ii) nean particle size greater than 100 or nore mcroneters. 0017]
In a further aspect, tH®& i nG@HPINER 2ifEstapiFEEONPEHNG awi&wlém%%al& her
conprising a poly(2sdivedi WRE B dmilsofeRN8 MhENLcEildNBK dure YASrRING dche

pol yphenyl ene ether is essentially free of incorporated di phenoqui none
resi dues, wherein %ﬁ@niﬁﬁ@@@é@Vﬁﬁﬂmﬂ@Fémbﬂ%@béﬁﬁﬁﬁb@é¢|stlcs of the

pol yphenyl ene LG oS (1 QB es BRI one bhdcodatho@P b RBr R 1INt
percent of particles snmaller than 38 mcroneters; ‘and a (i1) nean particle
Si ze grearap CDMH&OD(%KCW)JE(G}W@@WH ers DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [0018] Ab] oG ebiEfnPahellch pRALENAPRLLGALL iR d Of Der
ref erences are incorporated here erence In therr entirety. However,
if atermin the pkﬂsemtmapmbmnapmpwdoﬁﬁmﬂadﬂcms or conflicts mnth aterm
in the incorporated reference nd Brmbremthe plication takes
precedence over the coﬁ? iC FWﬁﬁ Eﬁr%W¥?ﬁ ﬁ%gﬁgﬁﬁﬁfgﬁQCOtgﬁgﬁce.
[0019] Al ranges qmﬁﬁmﬁaag1harﬁmnmaﬁﬁdyﬁobusmuéygkgmhenbmﬁpﬂhnmﬁa and the
endpoi nts are |nd %@Qdently conbi nabl e with each other. [ 0020] The use
of the terns *H9 and "the" and similar referents in the context of
descri bi ng the i nventi qo) ih&isRRGigad kyipératute® (@00t @XM imiOlireCdt {att®) CAbRet 0 be
construed to cover both the sing %lar and the plural, unless otherw se

i ndi cat ed herein dPAtPEEPIINE PYRLH A HEAVEY: context . Further, it shoul d
further be noted that tbe t@fd’ﬂihngfdﬂ’aﬁ& of thé BREQMbT 10aRCiHRixkirksy herei n do
not denote any order, quantlty, inportance but rather are used to

di stingui sh one elﬁﬁéﬁf)ﬁﬂﬁﬂ¥%ﬁ@bﬁé§ torappravgaately érls enchout * used in
connection with a quantjty ﬁ)vld’&ﬂ(’étﬁ@hﬁ&ﬁs&%nﬂlﬁnﬁ% %%Qrﬁb?étl}@ng pochas the
meani ng di ctated by the context (that is, it includes the degree of error
associ ated with newdertemenghiof the particular quantity). [0021] The
pol y(aryl ene %a%fn)th@%@ma%m@l%ts%%a&& sliSindifs e of (et of: BYBFLJ 0N are
known in the art emare describe U Pat . 3, 306, 874,
3, 306, 878bog 5@3@l&h698f¢6‘41t SuBren2 Smﬂllfsml@,nZ@TI}lCI@nl@@nS, @BM%(HG,H}@@YPEQ@@?:

7, 205, 307Ze£K%é}&&§g® S8 %_ d 3,923,738. As indicated, the polymers
are usual are (b OXI Ve y coupl i ng a nonohydric phenol usi ng an
oxygen- contalﬁthlmammhm%mhetmﬁesemuenmkmamstVEmmMEhhrmnwmmglex met al

cat al yst r sui.ta ne.et h S i ncl ude
Those comghieaty PopestRRuSRE VT FupBioufiel SRTHME BT aP IR wicroin
each occubpmengrg the steps of: Z1 is independently halogen unsubstituted or

substituted Cl1-Cl2 hydrocarbyl provided that the hydrocarbyl group is not
tertiary hydrocarbyl, Cl-Cl12 hydrocarﬁ&lthio, Cl- Cl12 hydrocar byl oxy, or
C2- C12 hal ohydrocar byl oxy wherein at | east two carbon atons separate the
hal ogen and oxygen at ons;



Z2 is independently hydrogen, hal ogen, unsubstituted or substituted Cl-Cl2
hydr ocar byl provided that the hydrocarbyl group is not tertiary

hydr ocar byD,200/2€7/8 hydr ocar byl t hi o, Cl-Cl2 hydrocar byl @x¥/UuSee11G293€1 2

hal ohydr ocar byl oxy wherein at | east two carbon atons separate the hal ogen
and oxygen atons. [ 0023] As used herein, the term "hydrocarbyl",
whet her used by itself or as a prefix, suffix, or fragnent of another term
refers to a residue thqg)co@h@mn@bqhhmngghggﬁm@pgxmﬁgh%gﬁﬁmh(ﬂe resi due can
be aliphatic or aromatic, straight-chain, cyclic, bicyclic, branched,
saturated, or unsaRlGPEUsAE an PXXESR CRIlABING &#t A 1 cowmisk Histal eHAYHIn &l i phat i c,
aromatic, stfal Ntofa BprkfCd d st RLEHELE e pAIARGIRUAILH Al A

unsat ur at ed hydr ocar bon noi eti es. However, when the hydrocarbyl residue is
descri bed as substintthgsetvenit nay optlonally contai n heteroatons over and
above the carbon and hy og g%g% f | Thus,
when specifically descrl ﬁ%% S g%??ﬁtg %oﬁ%mﬁ§%ﬁg§2&%§ﬁﬁkgg?due can

al so contain one qmommﬁeCMahmgeﬂi@mbnspuﬂmndo gr oups, cyano gr oups,
carboxylic acid groups,, ester grouns sul f.on [ QURS
sul f oxyl groups, sulfoﬁéhldgmargﬂls ennxﬁkeOfé%pqgfwuhananuﬁ?vemﬁ %F%U%s,
carbonyl groups, awcomw mikanps, or the |ike; hydroxyl groups, or the i ke,
or it can contain. het ro tons within thﬁ backbone of the %¥grqc
resi due. F G ) 1T SQRLRCE MOF ULONCREOCESS PRI £ T AT e hyI
group fogﬁﬁ@cbmnﬁmgef«@qepﬁﬁaghmﬂmnnal 3, 5- dinethyl 1, 4- phenyl group or an
termnal 2,6-dinmethyl unjt mnth t he di -n-hut n onent of an

oxi dat i ve polynerlzatld cafgfapag the second Pﬁﬁﬁéfmthi% h%%ﬁ?ﬁﬁ%ts t he
poly(aryl ene et heraevttaat@nmpendﬂu@sp&d\bf5@19§t>1t1yssof about 0.25 to about 1
deciliter per grantneasured at 25C in chloroform Wthin this rang t he
pol y(aryl ene ether) int®h nsPEVidi %%ﬁﬁ?mﬁgﬁmﬁeﬁéﬁﬁdp‘@ﬂgi$%d%%ﬁﬁp‘ﬁJG
deciliter per gramgyRixgnspl qotd%tdxymﬁa?@bp&céﬁb%%ﬁghpwmé) y@BGdnki ter per
gram even nore specifically about 0.4 to about 5 deC|I| er per gram
[0026] In sone enb¥iThisfits, the pol y(aryl ene ether) is characterized by a
wei ght aver age mol ecul af, Weh@ £ At rRERYY RIEGHN xR L0k, sWOGEELN 2
rati o of the weight average nDIecu ar weight to the peak nol ecul ar wei ght
is about 1.3 : 1 tbamthobeiling pdint ofithardnti-sphert; r ange, the ratio can be about
1.5 : 1 to about 3 : pe : 1, nore
specifically about 1. G(gF ?hkkggkhxﬂggﬂﬂgTﬁiéﬂw?ﬁmégtggggggﬁ?lcalIy 1.7

1 to about 2.1 : 1wmgheﬁpmky@amybeh%1ethmnyumnﬂeédlwmlmeight di stribution
is typically anal yzed theerIP1 cil a m1 w%p(ﬂﬁan enf%ggtéggstgfl 000 000
atom c mass units. Lf erei, 1 he ermC' éjé]k mof écul a ‘hntt

defined as the nns@madnnmﬁgy,occurrlng nnlecular wei ght in the nDIecuIar
wei ght distribution In statistjcal terns, wei ght is the
mode of t he. PR MREPERe kP ShEr PR R SabE B B P Bhen ¢ he

nol ecul abwweisghieighspdainesianeths Bnaker chinGRatiogmneRh; end@etihadaspeficlas gel
permeation chromato h t he eak nol ecul ar wei ght is the poly(arylene

et her) nﬁtzééfﬂa'ﬁfgt%%on‘? %‘treflhcéo f'§Hest point in a plot of nolecular weight

on the Xx-axi S[ooespm&n&hwsﬁanmmbntlblelsxana@tecsto aPh@sRuf gsadcg determ ning a
mol ecul ar MEI%ht di stribution usi per meati on chronat ography are known
y

in the amplyarylene)egige Fithippeypdp %ﬂ?%@t‘t‘f%t@“ttt?é Bomghad grrapisingtther) is a
pol y( 2, GSQb%ethyl 1, 4- phenyl ene ether) prepared with a

nmor phol i ne- contalnlng catal yst, wherein a purified sanple of

pol y(2, 6-di met hy1-1, tihlenypélﬂéﬂ‘@imphf’@raefpwfWnﬁlsggdnwhtﬂﬂcof t he

pol y(2, 6-di et hyl h%nmﬁfﬁ 'af%B g%h B&{talmhg 1 0InHEREm %&F&%’taﬁ’b&tﬁ %t(ﬁpaf rom

met hanol , reslurrying, an atlon § nono nol ecul ar wei ght
distribution int h@lwnttecpmdaqie a/\étsglhtxtlneﬁgeprefng%goltf(@ryler@@Gleﬁ(aod at om ¢ nass
units, and conpris i,9h t pol y(2, 6-
dinethyl-l,4-phenf%%ﬁé&%?ﬁég%gﬁghnﬁqﬁghﬁ% g%ﬁ E%Emg &hgﬁ&%Eaﬂbﬁ%% fifteen
ti mes the nunber amem@gmxtmﬂ @airiaimg e sg]rvtentoﬂletamfescdm ael theipélyfasdensanpl e. I n
sone enbodi nent s, Q purified sanple after separation into six equal
poly(2,6-dinethy1 % phenylene ether) weight fractions of decreasing

nol ecul ar wei ght conprises a first, highest nolecular weight fraction
conprises at |least 10 nol e percent of poly(2,6-dinethyl-1, 4-phenyl ene
ether) conprising a term nal nnrpholiﬁb-substituted phenoxy group. The

pol y(2, 6-di net hyl-1, 4- phenyl ene ether) according to these enbodinents is
further described in U S. Patent Application Publication No. US

2011/ 0003962 Al (Carrillo et. al.). [0028] In sonme enbodi nents, the
poly(arylene ether) is essentially free of incorporated di phenoqui none
re5|dues D phenqu|none re5|dues ~nmeans the dlnerlzed nnlety that may

-, = . -



[ 0035] In sonme enbodi nents, the solvent further conprises at |east one
aliphatic alcohol that is a poor solvent for the poly(arylene ether).

Non- | i m twogoexaspbes i ncl ude C3- C8 aliphatic al cohol sPsuais2@&s/oee3pr opanol ,
i sopropanol, n-butanol, t-butanol, n-pentanol, and the like; as well as
conbi nations conprising at | east one of the foregoing aliphatic alcohols. A

preferred al cohol of this type is n-butanol. [0036] The sol vent may
be a m xture GARRIsEPNY RhpAQMRIE hah YAl REREPRRRNG stlbbBhAbhGheddrie@nol 10
various proportions. wever, it is sonmetines preferred that the sol vent

conpri se capsistigast ekt 50 weilGht percent of the aromatic hydrocarbon. In
some especi al ly preferrgd egbpdhMBtSoonl fxSRIWEMY shEQTRcE gél%ra%gl east about
75 wei ght percent of the aronatiT hydrocarbon. [ 0037] As Thenti oned
above, the oxi datidexiceeupl impgllargipspdedot pg/senlessed out in the presence of a

conpl ex netal catalyst. .Cat ~ 1 hj - I he art.
They are descri bed, for(c)exa%)l\(lgﬁé% tﬁé B"tsghﬁ%lgg%é%ﬁ%é&) gﬁh%?&%g&%ﬁg& 875;
3, 306, 874, ref er enappcbxabarig 10 asappeiximasly 30 Serceby whieht of53hOp8y@lne

4,755, 566; and 4, Oquéﬁé%gﬁl._ [ 0038] The conplex nmetal catal yst system
usual |y conprises @a A" ion, such as fromGoup VIIB, VIIB, VIII, or IB

of the Periodic Tabl e, (Andaieambxigratmnperstutehdti@okcon®dmikioese leastdts’ lofver

chrom um nanganes obalt, co r, and, conbi nati ons conprising at |east
one of the for egoitﬁﬁnﬁ SEglaln%?}n‘gdgﬁberaéﬁésPlrv%t; with copper ions (Cut and Cu)
being highly preferred.e)  provid¥d3Oiatid bethe anrpivent®tiad figahakysby Syst em may

further conprise a nitragen-containing |ligand. The nifrogen-containing

| i gand may i ncl ude‘fvelxglbtr‘)?g%ﬂ’ﬁmét,e yﬁi}?"e??ggq%tﬂéqlli’%ds, primary
nonoami nes, secondary nBNoapidIREng thehiti- N enNPMGARINA QS moddihBORpeode! s,

oxi nes, conbi nations conprising at | east one of the foregoing

ni t r ogen- cont ai ni nﬁatFlitQ’a‘?ﬁ.%I}t; and the like. ~ [0040] A variety of
speci fic exanphesindhe fl}fovel blRORR1ZE CRErRkdHAE ihd GRS ofb&h B @Y LFiRd 1 n the
patents referenced above, such as U S. Pat. No. 6,407,200. Non-limting
exanpl es apputidh @/ewhkgqr@qqé@ﬁ RRFHCHS s]np]égﬁl@pg 38 maipngansters; and a (ii) mean particle

N, N -di -t DUt vLHBY | @NEIhATWAGoRRE:sN, N NI, Nl t et ramet hy1- 1, 3- di am nopr opane.
Non-limting exanples of the primary nonoam nes are nbutyl am ne,

sec- but yl am n&)01ablpHoithaiespeatnthe eyvehtomax fireetddrie 2 paliyplienplebattidrani ne bei ng

hi ghly pr e A lmting, ¢ . ' i ncl ude

i - pr oo EE pQRT bl L RRARRAE S, bGP ARG RhoA R RS

di - n- but ybuataing e nofdederived frgmprmedrpiialigekcoidaning icathly stnghexiathpl isprayed t he
tertiary _ampes include triethylam n dj.et hyl - n- bu ami ne, and various
cyelic | aRr A anga by iR ens RO B Wb AR DG PR et
Non- | i m tS0mgighx perpdnesf jaiiticddsistraldrehari8noiatoaeteed; and ni@l) usken particle size

N, N- di et ké%ll et g%n%(?m ne, triethanolam ne, and N-phenyl et hanol am ne.

Non- | i mi (5" ERAHBY M Wi 5% hes i ncl ude oxine and 5- met hyl oxi ne.

Vari ous conbi [l 70RS faftheAypef the: |sat@IT Biesicdand pol9pRasichd ang whi ch cont ai n

such conbi nati ons, y als e used, [0041] Mbst of the ,

ni t r ogenEYRT UM Wﬁ%ﬁgﬁﬁ‘a@‘yﬁ%ﬁpﬁﬁﬁéﬁﬂe BN eV Hle;Pnglé‘?ernﬁﬁ@erH% used at
about 0. Qdsch@aighRubof AooPBhea dPBEnckiRoRPie88udf whBaR M dhbfovehsh@dle sidhe
tertiary nonoam nes may be used at about 0.1 to about 1,500 noles per 100

ol es of HYABHYHF & Bbahenydaester Brlugs o PepraldtaPdo fRwhit aeitbins wi t hin
these ra@%ﬁnt@?argﬁei@gﬁlepﬂﬁaﬂ BORRrQfet@s.AnB ) Hdthlpartict stzegreafe& tha t hout
undue experinmentation. The sel ected concentrations nmay reflect the presence
of ot her 1P@aempiiigmssirent s or products, such as water, that may affect
catal yst efficiency. A suitable nolar ratio of conplex netal catalyst

(measured as noles of netal) to phenol is about 1:50 to about 1:400, with
about 1: IDOPAIGERJIENCRIPRUON O BEYITISNeS er r ed. [ 0042] The conpl ex

metal catalys t] . fur hn [ ,0R, such as
chl oride, br omozng@?} t%eggf ﬁ%@%%ﬁ%@%g& Oﬁgﬂeﬁg&f%naggﬁlﬁ%s%ﬂg%guppI ied to
t he reacthe®m by xfeumee inrthdihentifady. nilowevan ifad tanh in thepratensglplicaion apntallkcal | ne
ek B G I e L e
enbodi nenikes picbelemenptiake omifladting atralfyost the anproses! refofepes. 1 on, a secondary
al kyl enedi am ne |igand, a secondary nonoam ne, and a tertiary nonoam ne. In
a highly preferred enbodi nent, the cor?pl ex netal catalyst conprises copper
ion, N, N -dit-butyl ethyl enedi am ne, di-n-butylam ne, and

di net hyl - n- but yl am ne [ 0044] Various techniques can be used to
initially prepare the poly(arylene ether). In very general terns, a

reacti on vessel can be first be charged with the reaction solvent, a
portion of the poly(arylene ether) nonomer(s), the conplex netal catalyst,

e ..



[ 0053] The process further conprises conbining the concentrated sol ution
wth an anti-solvent, so as to precipitate the poly(arylene ether). As
ment i onedwakzo12¢25t7he t enperature of the concentrated solpariusnotii®2speci fi ed
for the tinme period inmedi ately before conbination with the anti-sol vent

"I medi ately before” in this context neans the specified tenperature as it
is conbined with the anti-solvent. As a practical matter, the tenperature
of the concenfgoad LAl sttt diQMosERNerIf afteﬁaﬁmertﬁ%eaénd s tawﬁle\@lna Hifls about 30
seconds of mixing with the anti-sol vent. 054] The tenperature of
the conc@ftingwerieady ermtprbigayittheachpthPleast about 60 C, or at |least about 70
C or at leas O()Q@]OFEG: B0 ofthe Rrm@ta laﬁésan 3RQ Yhe OhdSimilar referellttggll‘:’tﬁl A variety
of antl-solvents may be conbined with the concentrated solution to

preci pi t apeicxtioédgotiyipathylinatia (hmeylallyrlhélneecqn@h@ chrang)iagdiode cpistrized lon t he
anti-sol v, 0, . i i ncl ude

al kanol s aV|§ﬁRq X 1 gﬁ%a’ g%%%%%§sgﬁ%ﬁ%§§&%e (%ﬁg%l&%%%ﬁhe | i ke; ketones
havi ng thpmewkmﬂdbouanQﬁhnmnboﬁmakbhnmﬂ@uoheasmahemuneﬂhaﬁd%uhedIike and
al kanes haX [hrf])glk Vrglntd(()) nag elfllgtet gn Tt ar boarllltl ﬁance bu%r khee)r(aarIe]%Sedatnd the
like; and combinattons "Thereor. y% ¢ e Rb%f SRPTanse ISR es
nethanol<hwmgﬁﬂnhmenm@nnhmmamxmﬂsmmxmpmﬁarhbMHbmmahnkmnusobumamol

t - but anol | i ke re thereof

- oo vl ST AT A S ing e BT SR PR Mhetgl o o
C3- Cb ahﬁﬂm@hﬁmmﬁgkadﬁﬂmﬁQ%o@%&ﬂ@hﬁnwﬂmﬂmﬁma@ﬁhepﬂﬁ@@ﬁ@ﬂﬁmqb n- but ano

i sobut anol ent anol ,. 2-met hyl -1 - but anol - et hyl - 2- butano
3-nethyl - 1- b[@gﬁ‘ﬂo IW%} €r) BV RHS P?nté}@-atﬂ? E%t“ﬁ‘“y‘ln ﬂPIS BerB‘H‘é)H&Fe

(neopent Whowh 60RO, ,Mmycdfqeﬁmraaabmbehmwmd Nos? 3tmxem@l3,,3034ahexanol ,

2- nethyl-l-gentanol nt anol g -3-gentano

4- et hy| 399éAP%rei00.642 rf’et%ﬂ%725 %‘&fﬁ%n%fm’ %)On%?% 075 7 eht 2 61787.633;

3- et hy1-,24 pemt a0 las imhdiRUNKd pdymPRAtARRALY p%epeatéawy ox;tramttmbhn a

2, 3-di met hyl -1 -but anol , 2, 3- dlnethyl 2- but anol , i met'’hyl - 1butanol,

3, 3- di metipEbydris phesieb bsinGam g EeRetdR{Aining gﬁﬁtuatherpreswe pt)fpemeyt #dthanol , 1-
nethylcygbgpggha&ghnﬂ%ﬁnethylcyclopentanol 3- et hyl cycl opent anol ,

cycl ohexanol, and the’like, and m xtures thereof. In another enbodinent,
the anti-sol vele2clmprampe, spigblamt Hanbing cléads ioblydd bosrcopaneons repedtiog anol ,  or
a m xtur eferred anti-solvent conprises methanol .

[ 0056] AggggﬁéﬁﬂmsP§”§%ggh%PBLqU|pnent can be used to carry out the
precipitation step. For exanple, prfgipitgtioh can be carried out in a
stirred tank vessel equipped with an \agitatiop neans such as a shear force
generating device or the like. In o phodi ngnt, the shear force
generating device is a high-shear ptto-4bl e hi gh shear inpellers are
commercially available from for exp W1 hhel m Si efer GrbH & Co.

Vel bert, Germany, or from | KA WrKks| Anc. , WIm ngton, North Carollna USA.
The shear rates during preC|p|tat|0| in the sflirred tank and in the high
shear honogeni zer may be about 500 sec-1 to about 50, 000 sec- 1.

[0057] Usual Iy, thehqseiaeiqsick agceiepssl y(aryl ene ether) is then isolated,
usi ng any conventi I que.
Suitable filtrati o%lnlgpntc)lE éé‘%‘@lg hgmﬁ‘g{’ ug%hértgétgétl ?Ilr?élg%t ?(292& Z%Q%Ito?%ﬁ%lus rotary
vacuuntfmhvekéﬂﬂedwmwﬁwouhﬂmnvmngmbeﬂu$wlw¢ﬁ@mbﬁkﬁm¢mfw¢©eMSMh@n61the li ke.

Suitable s ' f

ol i a1 1 St Bl TR Shd Y BERAL LY SRRAELER AN 1 rer) 1
t hen usuaﬁhynmaehddgmumﬂngﬂsonuemtionaI t echni ques. washlng may be

R A RS R A T R

sol i d/ | i quidcseyapra@tdednhad ey aiovabyaroupeas it xedarwhdrocielil t@lemlal anti - sol vent
in a stlrr rnative the filtered

ol v ar yirireeabtio Creh B Fi iR uge oo Rn¥ Il ent Visrvn aCkE Spar at i on
process tce®bnh@he sepathid thé Balegeaadd 0Btn ablie. Wwet cake fromthe filter may be
washed with anti-solvent in a stirred tank. The poly(aryl ene

et her)/solvent/anti-solvent mxture can then be separated in a solid/liquid
continuous centrifuge. After separation in the centrifuge, the poly(aryl ene
ether) wet cake can be nmixed a second tinme with anti-solvent in a
continuous stirred tank, followed by & second solid/liquid separation in a
second solid/liquid centrifuge. EMBODI MENTS OF THE | NVENTI ON [ 0059]

In a first aspect, the invention is directed to a nmethod for producing
poly(arylene) ethers with inproved particle size characteristics, the

nmet hod conprising the step of: (a) conmbining a first mxture
conpr|5|ng a pon(arerne ether) and a solvent mnth -an antl-solvent to form

o - o o o, o,




[0063] The first mxture is then conbined according to step (a) wth an
anti-solvent to forma second m xture conprising the solvent, the

ant i - sol weotp12znai7ohe preci pi tated pol y(aryl ene et her). PCypiSe@liiog934t he
anti-solvent is added to the m xture conprising the polymer dissolved in
the solvent. Typically, the anti-solvent is added to the vessel containing
t he pol yner-sol vent m xture, or the polyner solvent mxture is added to a
vessel contai Ning| AhEsedRbienS Bk V@Rt hydDErATd §he@br REdHY itRUY IFBYa MRTIY,
according to various processing paraneters. Methods and devices for

conbi ni ngUHeogEesaref sBolAermaTaters foe igpitlye thieorfpin orlpcerbel adr e readil y
avail abl Gyliolfiens lddue dud REIHBL IR aromaric. srkiOROALin/ S iddhGaredARYE ¢ he
anti - sol vent is selected fromal kanols having 1 to about carbons such as
met hanol sapdtedher unpderateit.ebt gaealshepniaggeanthiragionsoof abphatic tasematigr Yrghat onms, such

as aceto ke, e e on
atons, s 3 g?fn acglglhcfagg#ﬂc %ﬁ%&t@ ﬁg%%@ : ﬁldhﬁy %1 h%c'??éoag%&t?ﬁdgétg%f ﬂo Q\E)er ‘eferred
anti - sol whatl tl@dtyplrop@éﬁ resedueanddscritet! Iaambbtrtuuad pt mgaemiopallysopropanol |
gnggfjﬁprg:’l {oh ogl%toslrler_asng laé%vre#heccggnoh arslcé Islyc{rfré%ehlnll(e%fbers oé %he suf)(sklyuefelt rteQ ! ggf C6I n one
al kanol . T8us, walbh epeCiBicby dekdriad hssubstﬁhtu«ﬂehe If)«irocenbahrpilme dan plso pemmh pne

i sopropanol ut anol , i.sobut anol

ut a
% et by o s i A5 g R PO e gionis SRt P G et sroups.
3- et hy 1~aancmgr@m§ sulfanﬂgdjuﬁetslhlydxyllgrptﬁmp@mharﬁlﬂegrpem yd1faglog o,
cycl opent gnol - hexanal hexanol exano 2- et hyl -1 - tanol ,
2- met hyl & Ob}élrﬁr%ﬂl?&lcar HMWF -~Agiuno %B?ftsa‘?fdflelalif Lﬁédr‘Wll gfo‘%seﬂ’f @Egpe orit
4- et hyl <2n g@ftiaRQtroadmiBithylthd bal@Elan@BDﬂhe hﬁdrmtﬁw lesiue. pent anol ,
3- et hyl - 3- pent anol , 2-ethy] -1-butanaol, 3- di et h){ - 1- but anol ,
2, 3-di met hy1- 0 ﬁh@%ﬁ‘tﬂexa@lﬁ%r%t’hwlIibbtéitaahléﬂmet@ 808P FREIRY PY Teagfinanol |
3, 3- di metpy derditdabs 8aRheth M ftg%lﬁsectrtaﬁtr@fmnaﬂz gtk Vi QREMeanol
2- nethylcyclopentano cycl opentanol, cycl ohexanol, and t he li ke,
and m xt @ éé’utYh?’éfrl%‘fomﬂoﬁefﬁﬁﬁtlh@iidaéwhé‘éwlﬂféfﬁtaﬂot ersalght | - sol vent conpri ses
met hanol , i SORJPPRAbme RmBLEABAL, th%olﬂaﬂeﬁé% %h&shﬁrlﬁt%sm HsQys@by preferred
anti - sol vent conpri ses nethanol. Pref erab Y, e anti-solvent 1s nethanol,
and nore apmet()@ﬁacb)hlgput t Herilgert pex gl@hmemur@d)mqib'f’@asclértroﬁsvthWIthmtbenangeo 100
Fgggg? t T}%e : X é{(%}r ene, et n%r 1n?r1ﬂ31 a\hns%o?ai OUt 9 al; i 6 g?uattbtoﬁto Q ﬁ%de%niterpe% é:rgrgl; ¢ Wlatser
conduct ednais sp&glﬁaalgzt abbnﬁterBStta Akow e5sieb1heq pktrrgmml ewtrt io@npagfidaly himt @ans such
as a shear for(ﬁlg g 1Eerati ng device or the like. Typically, the agitation
means i s ‘AUGH & er. [ 0066] Process paraneters (b), (c),
(d), (e) and (60)26]\/\mrseme depbdinkmel ttaespdlrﬂyﬂyrtge btRery &rdh@dSie ERADY A3tAiMOS, an
advant ageous affect on the partjcl e sl ze characteristics of the resulting
pol ymer ﬁ?’?f@l&?c‘?o %ﬁﬂt@& k g UIE‘ra‘)’elélft YRRt ﬂfenw§$f5rat’era§’é’rrpl oyi ng

the procesgedfk a«e@h%%@@aﬂ%ewhaﬂa owolr oY i desabene or wekiRapf 1 (i) up
to about 50 wei ght percent of particles snmaller than 38 mcroneters, (ii) a

nmean par ff#EEehgTasa eyt berabouiohS nhfoabaitc:dnteeifigally about 1.7 ghezpoutd-Y'Hat end, in
a furt herm&mgﬂflﬁﬁﬂlaboﬁrl%eﬁt% aBé&t@r!?atleEtﬂ(Qbre%e&f‘fh"al@'1r75t1 t@§tﬂﬁ@§ rglates to
the agitation of the m xture conprisi first nmixture and the

anti - sol \Z@ﬁpolw@rrlwmtheroen@%%ﬁtdvemhkdlmlg tmmrypyﬁlﬂngaltafvée%lméhq lrwl@ettled

pol ymer. t. i ncl udi ng
Chatd ng, "N AR Rolag (AR RhE RS ol AR, Bl dhf TG
conduct ednqltstuhgwalgbt iy datidied artke wesgsemnpnlychirghe shizaylan wopditliethe | n anot her
enbodi ne fi .M. xt n

precipita |leoch1 llgfltts)&rmt%ae(uo i neﬁggﬂf ppenggtﬂ!letlfie%}éﬁﬁ lelglrvevt% a tllrrlegng)gé

agitati omhesruclhcua;e vaigt 'dirstrrirbutgomﬂn hmnmcsameuhemhem elrernx:dmtulaywpnghtahed bl ades. I n
any event tthe recrl{% t| o ﬁ&) r.ed P ess 21 sed to
combi ne CREMFFFE ?fﬂf 8ng? TFHec 3 %%Wéff? ?%C ‘aﬁf %%%p ymﬁhf Hea

t enper at wicdecdbn tveight ﬁﬂarmly@rigzlleﬁdrmhaeme&&ﬂrwa@it vete higheww podinoih atpie of at e of
m xing of the first mxture with the anti-solvent and the conposition of
the resulting second m xture (for instance inlet valves that allow for
addition of the anti-solvent and first mxture to the tank or the |like, as
wel | as outlet or draining valves). [0068] As the agitation in the
precipitation vessel is reduced, the r?artr cle size characteristics
referenced above generally inprove. In one enbodinent, the inpeller tip

speed is 6 nis or less. [0069] In another enbodinent, the inpeller tip
speed is 5 ms or less. [0070] In another enbodinment, the inpeller tip
speed is 4 mis or less. [0071] In a further enbodinment, the inpeller tip
speed is 3 nm's or Iess. [0072] In a further enbodr rrent the inpeller tip



[0082] The tenperature of the first mxture, the tenperature of the
anti-solvent, and the final tenperature of the resulting second m xture
play a roveor/ihoparticle size characteristics of thePCTalSatied2y3ai yner.
Thus, as the final tenperature of the polynersolvent/anti-solvent mxture
is reduced, one or both of the particle size characteristics referenced
above generally inprove. [0083] In one enbodinent, the polyner is
conbi ned pWidddiat B8RO MBOL-aki@heheE b rbaifee bn tHe yté%[smPTr(kl%dlfrbsrf%F déférﬁﬁﬁiﬁ% Thi's
m xture is added to the anti-solvent maintained at a tenperature that is
| ess t hart nsgeqg]ar gsighhdipribHionfusna RCkRSFpRAian tiramgpeply are known in the art,

pol ymer - sol Ve anil SRk ¥Bbaifit UAEpdiNalyR9E ohBFR DRI 6-dime[0064] L1
anot her enbodi nent, enperature of the anti-solvent is between 25 C and
49 C, thwberpylane iethien) @re@alfed wath atnegrplealiag-gerdaipig cafelyst, wherein a purified sample

pol ymer - g4 t{ = 80l\ ] nor e
preferabl?bﬁg Jé@ﬁ%ggF%4§ﬁ%5%%kéﬁﬁb%H%ngﬁgggg?mﬁ%cgdgﬁgpﬁg6guﬁggglnent,

t he t enpérdaphendewmf ethdneinaglt¢nesplaipiftion ﬁomenmm zezllﬁymgdar@léismtlonmns a
providing a final e r f the pol - sol Ve nt/an xture
bt *bet viedrag B s PIBP LA Bty R K RELR S LRI 50 0000, 2. o
par anet eratongy mags utnhe ahd C(shpra;ssplessttherrﬁir&qm td 202 aght @iré¢ent afpohi?,b- sol vent to

o o citas Bl TeraR e B et Bl B b Gb DE-GRREPap Ry

| nprove. average mlo&hGaf fweldhust, thé Entdd purtied agthprentn, sohiaenibadhhﬁnt@fth@pﬁrifreﬂol vent to

pol ynmer-sol vent m xture by wei ght | r pproxi matel y
5:1. am{’%éé@]se%a%?ﬂé‘%tﬁé?‘ e&%ﬁk oy f%s@&)“ %[ykg% ng"%/yé qesemf%s" 0 4.5:1. In
anot her  enb@shs FBMcreatife mroﬁi:hl@r Wégﬂt czﬁpﬂseg5 first, highest{i61&R)ar ki gBNOAJNGH

enbodi nent, the ratio Is :1, In another enbodi ment, the ratio is

2:1. [00SOPPYsss Argash sl m@}%’eﬁm@ﬁpdy{%dlﬁ&ﬁ%l14§3h9n>éenf cthep) camptifieg 2
embodi ne@érrmﬂah]ﬁlogp'l%lugﬁsub§tlt§teé-ﬂhe[ngg)9n%])%ﬁ nriRRRLES-aeRdRdi e Heny 1&&%@# on is

3.5:1. In a further € ment, "process paraneter (f) of the
first as mdmewéb@g emodimenta rduier describaddp Ui Patsat Applicatiag| Rpblgations t he
anmount OH«M@k%klhﬂxhbézﬁ@?@mﬁﬁe&?ﬁt decreases, one or both of the particle
size characteristics referenced above generally i nprove. [0093] In
one enbodi nent0028 hlersemp smhedimantarthd polgentede eben eesseptitlbyriode ofi . e. the

met hanol .j 4] 3]

per cent f%% %%%%gﬁﬁk%ﬁmmmegw(&g?g%nﬁﬁnaﬁﬁgggé?%ggbﬁ&ﬂﬁﬂhe83?8%3% I n

anot her embogihremby fdmerlethesmﬂatpermeymmemzmoﬁ rmnclegmnwanseto the/polglagtenei n t he
met hanol ‘et ers c%nte[rl\llyeateiiolr ﬂsealfqhter})?&f: qrtl)\%d 10n S c}esc[rg)aggﬂsUg P&ﬁencf t tO 2

percent wa haho hn ano
enbodi rrer3t306$t7ep{a(>a)symhesﬁm pn’@(dﬁﬂdne‘anhietrshey ogidagiel peBsnerinaionrof m)r e of the

(o) “and (RPOTHE DhraEcago iy ARG eoRsT ot R BonRaabPat ed n (his

enbodi nmemlipheasiainosesidd @bdt&%almﬂeﬁam}ﬂa&)vﬁeﬁkﬂeQﬁ\lbﬂ‘(bgydr(cl}J)le@]d; (c); (b) and (d);

(b) and (e);. (b).and (f,; C an d ; (c) an e ',(c d) and

(e): (d) gaé]%tme?vlp% 3(%)5 amdraeghy dlghenoqutf@eeéﬁPhﬁ oo ﬁé@%%ﬂ%nt step
(a) of thg dptdReghifdat id18EeqGmBRIddS afo the ?@@(a@ﬂeﬂgﬁt&rm e e dphesRsRoRAT anet er s
selected fromthe group consisting o (e) and (f). The

d
process painsefaeraed derie rﬁalw(ﬁﬁen%b?f)eﬁﬁwafeé By hfhmfl& fhg PRYBEHTHASRTCAE N Hor i se,

f 1X0BUT 1C cc CO S1 1 0T na (&) 1n b
ag& (e??mllgt ettbg) 1%4;%&1%@ by) Iﬁﬁa ?@rﬁ% (@r mppgnd ?f sﬁé(c;,)(d;(:;nd

(e): (c) residps. a@,_ﬁuseqi perelqlc‘jessep@e)llyafw@ (npyns tlaafqgev(e(g)han( érymg){t,gereqsn)t of [ 0099]
I'n anoth §‘p61 %{{?9&! SR moRL AR c(yﬁﬂmgg thd Q%gﬁ@&f’”hocﬁ t&:‘df) dhne GOMPLshRASy f our or
nor e of & process paranmeters sel ecte ron1€ roup conS|st|%g of (b),

g(r:u)s <(=3 (rjﬂ)) nucleé)r nzagdet{cfriysondiive spregessery PEVIBh@de OEBhvﬁDantM@mlaaﬁWﬂl@(«rEg at (eg)l n
(d). an d%ﬂ%‘%(ﬁﬁ@% bfsﬁob@é} m&%?r]@ééjﬂd’ole 191%\ yﬁ%%.td()l\frﬂg éj%lg% a

[ 0100] Imnmnmnhemiewbnumﬂbﬁveghmﬁpm@aﬁiDbKﬁh@mﬂﬂhﬂb@okuﬂ@MQnmusn®e|ses
process pat AT} s, (RlunE): (9. (&) and (1),



[0101] In a further enbodi nent, the method conprises one or nore of the
process paraneters selected fromthe group consisting of (c), (e) and (f).
[0102] | rwea2bwvi2bep enbodi nent of this aspect, step (a) PCurush@n/oesapri ses
nore than one process paraneters selected fromthe group consisting of (b),
(c), (d), (e) and (f): (b) agitating the second m xture with a shear
force generating device at an inpeller tip speed of 4 ms or |ess;

(c) providi ngiddng] fdrlefimplk Xk @ﬁo%:mgh s%ﬁe% 1, Sheih 5&y@rﬁéﬂe eql%r)qyﬁié ta Bf

approxi mately 20 to approxi nat el percent by ht of the oI y(aryl ene

et her) r@sidgtive polymenzetdan %ﬁﬁrﬂl@?%vlﬁger@l toeﬁﬁiép%iv@r(edlaxethwhé@éewmem xture
bet ween %H)gf)cﬁﬁl g%t § l’jyteaZmEtﬁylééhgloqumone reegllﬁﬁbrgﬁ&lvdf%er}gac?ioﬁ ﬂﬁit@re%ﬁm the
anti-solvent to first mxture by weight approximately 1 to 3.5:1;
and prod@f:f)amlb(myéhnngth@ﬁevﬂé%n@mms@cbBlvblmerr@bwplﬂu@mgwnwomde than 3 percent
wat er by j gﬁlg&l[ wherein the inproved particle size characteristics
of the precipitat Ced poly(aryl ene) ether includes one or both of: (i) upto
about 50 weight percent of particles Somleer than 38 microneters; and a
(ii) nean particle size greater tha 100 or i croneters. [0103]

In a furt enbodi nment further conprises nore
t han one e Ip, comsiesting of (b), (c),

(d), (e)

u 3 ms or less;
(c) providing the first adm xture of step (a) with"a solids content of
approxi matel y 20 to approximately 40 wei ght of the poly(arylene
ether) resjn; W
t enper at ur
rati o of "f

. e ahtl-sol vent Cmnﬁrl‘ing no
nore t han perc t“water by weight; erein the particl
characteristics of the'pgretipitated pol y(aryl ed&)" BHEY “{"icl udes one or
both of: (i) up to about 50 weight percent of particles snaller than 38

m cronet ers; ?JMO]aHé\!vé\)er @E&%Eéﬁﬁlbﬁh&l RUERs Bk $Rl&QU1aF BaRndRGhor nore

m croneters. 04] further enbodinment, theinvention is

di r ect ed Poby(aaylaest Qﬁhﬁui) (fecgr, ppﬁﬁlédtﬂt&fﬁ @S%)@Bly(l)ar%@ld@);lyewh@r ghighar hinqlémalabved
particle si r i (a)
conbi ni névte ?aé]??%ik?{b%c%?lﬁ%%&rcvg hrt }prséfyrgig}%gp%%ﬁl&? i?ra)% %Hggréltg be ?JS a sol vent
with an amair&t@tblbvlmhcnmmnﬁmﬁwra tlwenob«ﬁdylnne«ttbmbradmmhan 8t fngllfoteemg dlevent, the
anti - sol Vet n t her a wher.ein pe(a)
further cop heno lélgn(%lrrlleo or %@ Cﬂalg% asr}lgggrs REET8 gy ct ancP N I3)1§ﬁ’et%hfé)§gr oup
consi st mgamﬂile (Hy)pxec(mt)atlol((ﬁf)the Iﬁcéj(a@mie étlh&r) in a solven( dir)sobzgmttrmtcllurﬁgnt\thchs econd

m xture ear rce t|n evice at a er tip speed of 6
s or o1 detttasS RS SRR el e s PRl G i pl R a

sol i ds cmllﬂteejatwsaﬁeﬁparreaenmﬁhlﬁigtecl@tahen approxi mately 50 percent by wei ght of

the poly(aryl her) resi intaining a.tenperature of the
second m xt urg&)gll] ‘5%%“1@6 C’I}GB\ﬂé’Plyf%g%“%%n%dBPTeP?fﬁd Bb?’ﬁ%’atﬁ’? t he

ant i - sol WeRkerization of 2,6-dimethylphenol in toluene to yield a toluene solution comprising

poly(2,6-dimethyl-1,4-phenylene ether) and 3,3°,5,5’-tetramethyldiphenoquinone, a
poly(2,6-dimethyl-1,4-phenylene ether) essentially free of diphenoquinone can be obtained
by mixing 1 volume of the toluene solution with about 1 to about 4 volumes of methanol or
methanol water mixture. Alternatively, the amount of diphenoquinone side-product
generated during oxidative polymerization can be minimized (e.g., by initiating oxidative
polymerization in the presence of less than 10 weight percent of the monohydric phenol and
adding at least 95 weight percent of the monohydric phenol over the course of at least 50
minutes), and/or the reequilibration of the diphenoquinone into the poly(arylene ether) chain

can be minimized (e.g., by isolating the poly(arylene ether) no more than 200 minutes after

9



(e) providing a ratio of the anti-solvent to the first m xture by wei ght of
approximately 0.5:1 to approximtely 4:1; and (f) providing the

ant i - sol weot20onprwsi ng no nore than 5 percent water byPagiushdar/o293dl
wherein the inproved particle size characteristics include one or both of:
(i) up to about 50 weight percent of particles smaller than 38 mcroneters;
and a (ii) nean particle size greater than 100 or nore mcroneters.

[0105] I Rermhidabbh Bﬁém@aﬁb@?dl??ﬁéﬁzau&be TREB GpRbicRtede BALNKANY IAfiogkiher
contains up to approxinm 40 wei percent of particles smaller than 38

m cr onet drgnt Application ftﬂbh@epn NA- ‘é(%ig‘%/ HEOZAp sBelnamt et dlhe /dicadfipily-at ed

pol y(ar VlhElodsMdR! Rkl Gh B8 adtpiey By FRANIAI 1D k@ Rlingr eat er than 150
m cronet er [0107] In a further enbodi nent, the preclipitated

pol y(ar ylpelyeyeneattmuby élbrﬂtlan rigeaifipcatlp aﬁ@pt@@nm@rﬁteeﬂlxyg@de%n@hhe percent of
particle 38 microneters. [0108] In a further
enbodine%?gﬁﬁk%ﬁ%P%%?gltated poly(aryl ene) ether particles have a nean
particle si ze[Q§)82]glrneamemebl@rmellt?&hmﬁy(memer) comprise§ 608 hethyl-lad-f ur t her
enbodi nen reC| yi( ther. cont

apbr ox a3 RRETIR S FLu 2B TRE b Bl PEO R BBbRel dhec or .
[0110] | Rome 'émbasdmeeme mmdxl)rmmene tthe) praqmiym t-dimdhyidl 4/ plenylesnaderetiher
particles have a.ne reater an 200 m ters.

POnin] R PR HER e B S Ent v Routlier SuabBropd [raheRbehe:
conprisee&ﬁgnmahgayheﬂeueﬁ%eﬁguﬁabmnOBGhiﬂimﬂmsaamu&nhegaengedmnani t he
preci pitated en e.ether is a 1 1, 4- phenyl ene

et her) pﬂé Pgﬁ éﬁh §4§g?ﬂﬁﬁﬂpﬁgﬂgbﬁ? %bzfé% cggvglﬁhereln t he inproved
particle size[@bay agdiyslicascdér) &dﬁ&:oﬁ@hy&h&%{h@ﬂﬁwﬁ% Bﬁ{nohlkfﬂ defiRin@fpe or
both of: (i) up to about 50 weight percent of particles smaller than 38

i cr onet ép$ groaﬂ@ sypEgelly lor%éts%mﬁdmuev et tpdhfdEre e PRa i SPIeaB ror e

M cr omet &k ent are TMDEjJelaa%}oub@asaprwaédwheerméii HFEMainddGoRr €Ci pi t ated
pol yphenyl ene ether is essentially free of |ncor$orated di phenoqui none

resi dues 2. GnHECEYIPhenE CPHPAIHE BACHAY Mixgres 18 wachdea MO Rrpilucs isgreseie

pol yphenlﬂl S éﬁ%%[mén%h@ﬁ@y@ﬂ@en@ RO ChmPBises TMDA Bnd Qo&@%’ En Afouiebght
percent of particles smalier than 38 mcroneters; and a mean particle
si ze gr ed¢sethan hbent 3 @1ght parenns spicdicoleicsy than about 3 W{:lelltmﬂcentnmamot her
enbodi ne - oly
(arylenerg ?jggﬁyg%hg%g%kﬁ{ﬁQg§h§%?%£ﬂ?%g ébﬁgﬁk hgﬂgiﬁ%ﬂhﬁg?égghgTising
nonohydrHmﬁphﬁndMMU&mngmaWObegeMHQMmhammmﬂg gas/ergd ahow dripbekoutst al

catal yst b ffes pse((:)l ;ﬁ ab:t)lﬂ 1R69 ou?? S mo espoil%gun t rl ell’rll?he rher) r eSI & nfe & m xture
in the salvent ]?ﬁ process for preparing poly V S'1's provided

above, |@o@h&ﬂEﬁiahﬁﬁdﬂﬁ@e@ﬁuﬂbmnnmﬁemhmen1méﬁnmuﬁaapmbmﬂﬁhmom The step of

formng the er e ether) is nmeant to enco t hes reviously
toscr i bedosybst st ERETERT A S o e S TG T AP Tne
|ncorporabegnbmgﬁ&&@ﬁﬁ@@ﬁﬂmfmegnmi0115] I n anot her enbodi ment, the nethod
further conpris he step. of collectin erne wth

i mpr oved partﬂggg]é?%@mﬁﬁﬁ?ﬁ&W@r#%@P%%WngﬂFP ésé%@BW@yﬁP %ﬂ@t‘%s

i ndi cat egrié¥iodWsdYont. AQIsRPhXGRTN @AL “RIREI )is Padk iCdeBise @kiggle SAV@fed using
conventional filtration or solid/liquid separation techniques avail able to
the ski | [FBHYRPMYS OV Pixpf Leethen.t M%I%Yﬁnayp% palveréeday Presierefotieri ng
filters, ;o0mMd JURBRs HOLAIMe YAGMHThdlhde! Bphati CARSHORURKSHMRYpMGC AR filters,
bat ch fllters and the |ike. Suitable solid/liquid separation appar at uses

i ncl ude @mqtlﬁ@b@recaémnﬁ@lqr@}wﬂwceem% nifrgleisocarhiqas, fihers egsteds. paidgs.ariy¢dene
ether) | SutREfSHRbldes RN e U RN ARRAY SRk PRbrid SERRL BHESpa/ashi ng may
be perfornmed, for exanple, tional anti-solvent dlrectly on the
filter. Apregringsalvegisynaytalre btpemdpioviders teakdenof mgwhetehieitf orienisr ingy the

solid/li i anti-sol vent
in a stlggeguél g%%&éshpﬁggﬁﬁg%ﬂﬁﬁgﬁgﬁggS§k§%QO%%ﬁﬁﬁggg %?@hland

solid/li dpudldcab(pamtudmg iio)r , tdaha) xyleaes, hml uhhhk,e end)mdthremthereoﬂwe wet cake
fron1thehf%5 eI (H qegwmnth anti-solvent in a stirred tank. The
poly(arylé% %F% % %?ve ? anti-solvent mxture can then be separated in a
solid/liquid continuous centrifuge. After separation in the centrifuge, the
poly(aryl ene ether) wet cake can be m xed a second tine with anti-solvent
in a continuous stirred tank, followed? by a second solid/liquid separation
in a second solid/liquid centrlfuge [0116] The invention can at | east
further include the foll ow ng enbodi nents. Enbodinent 1. A nethod for
produci ng a poly(arylene ether) with i nproved particle size
characteristics, the method conprising the step of: (a) conmbining a
first nlxture conpr|5|ng a poly(arylene ether) and a solvent mnth an

= o o



(c) providing the first mxture of step (a) with a solids content of
approximately 10 to approxi mately 50 percent by wei ght of the poly(aryl ene
et her) res0rp12/125170 (d) nmaintaining a tenperature of tRETASCc@NM293UKt ure at

| east 5 C lower than the boiling point of the anti-solvent; (e)
providing a ratio of the anti-solvent to the first m xture by wei ght of
approximately 0.5:1 to approximately 4:1; and (f) providing the

anti-sol vent gRAPf inSbAE eMBodRERs {RAR VR nPRFEERbmPAIE it 104t ¥R GiBhaticand
wherein the inproved particle size characteristics includes one or both of:

(i) up tolabduat 5 REST ghtenpr Bemelybrylpeg qther). Mondigdlinggxamplsh imBde{ et onet er s;
and a (110, JJRaflc BROANCIEH 3 #Brod RN &hrdp AN, oL AR, HRLRITh GEORA She -

Enbodi ment 2. The nethod of odi'ment "1, wherein the ste a) sol vent
conpr i seghedikepasci@! ascombinpicons yeinpiesairdos keast one of thgpdyegdingeatiph8ic akjebolpet hod of
Enbodi ”E’Atﬁrefeh%d whes e @it i§£-%9tag(ﬁ) solvent is selected fromthe group
consisting o to?uene, xyl€nes, and m xtures thereof. Enbodi nent 4.
The net hod of [EFbbtharehest May3e avhiatued contiireing tag profimyic spdro@mtongodpr i ses

tol uene. a%iPhatif af(:_:(r)rltl)(ﬁ gr{ \%%{[ls ]gr'o (;rrgoensnﬁ;[)whgv%r,?tf iF sE(%rrntl)e gllleggpetfesrre:cll._tlﬁ’t th\té’@gf;,gﬂtn the
step (a) rst “mxture i's onogeneous ’solf Ut on conprising the

pol y( ar ylcemerietaningt abond 50 heighoperent of the aromatkntydehicamnd. 16 sonldespeedllyod of

Enbodi ments. 1-5, erejn the ste a) first mxture is a slurry conprising
Cho_pol y Chay TRy "o triib St 1 an Sl s Tt Rerfint oG . tePhog o
Enbodi nent@natic Gydrotebai. n the tenperature of the first mixture is between
approxi mat el y C and 100, C. .Enbodi nent 8. The nethod of Enbodi nents
1-7, wherein {939 7k Rhperuangd g’oc‘f?’ ﬂ[‘%‘@‘“ﬁ“?’%’fo 108 [TpIongs ‘E?é‘i“?ﬂé)élﬁmék‘br oxi mat el y
40 C and p@Qeree of a complEReE] dilst. TatalRE oMefiN9pe 4t wekaoweNhe arl-1hey Wher ei n
the tenperature of t%e first mxture is between approxinmately 50 C and 70
C aprsaeribrebrer eromplehia Urpliag dNast O EHizd8i Fréfft&/513.906.§lteredirencehe

anti - sol ighe, hsSw@PT 98t Wds s ddre3 10! 4,845 $8eXhddr £092000r ding to step (a) using
a stirred tank vessel or high-shear m xing Enbodi nent 11. The

unp. !
met hod of Enbdi¥ileHrescompioy, mapH eptaly svﬁ@naﬁtaﬁygmwﬁ@ae@%wng%@ha% Cl-C10
al i phat i G| GRIBVIR, v, VHTRGIR TR e PLAodid Pe0108hA OhQhadoiORGioEBS 1- 11,

wherein the anti-solvent is selected fromthe group consisting of nethanol,
et hanol , theseperypa dobmium hiagaiescadeiakexdppdrt dndwambmatiens empiisizghviloastd wi t h
water, and.i l. adm | e - ﬁ‘%ig i . 13. . .The net hod
of Enbodira)g%lr)ftgggo?%% ﬂl%v{ﬂgsr g%%G‘?%rge%%’%gho({o%eﬁtwﬁséCse g?tugﬁ 'B%IP %%g%l e group
consi st i mgefafednret hanol , or net hanol adm xed with water. Enbodi ment

14. The met ho nbodi ment s _ 1-1 erein.according to. parameter (b), the
el ter ci p Lok QORI IR Gy by OGRS EES R bR E L hod b
Enbodi merbstaihink4igamd @henitrogme@ndhiningg kgang angimetude, fobdxampleealkytpekilaetine | p
speed isé%@r)gfs or |less. Enbodine i

t 16. The net.hod of Enbodi ment - 15,

whor ei n_ iceBlarrty SRR, SPOTRY, PURET R e ORI o
| ess. oxines, combinations comprising at least one of the foregoing nitrogen-containing ligands,

and the like.

[0040] A variety of specific examples of the nitrogen-containing ligands are provided

in the patents referenced above, such as U.S. Pat. No. 6,407,200. Non-limiting examples of

the alkylenediamine ligands include N,N'-di-t-butylethylenediamine and N,N,N',N'-

tetramethyl-1,3-diaminopropane. Non-limiting examples of the primary monoamines are n-

butylamine, sec-butylamine, morpholine, and cyclohexylamine, with n-butylamine being

highly preferred. Non-limiting examples of the secondary amines include di-n-propylamine,

di-n-butylamine, and di-t-butylamine, with di-n-butylamine often being preferred. Non-

limiting examples of the tertiary amines include triethylamine, dimethyl-n-butylamine, and

various cyclic tertiary amines, with dimethyl-n-butylamine being highly preferred. Non-

limiting examples of suitable aminoalcohols include N,N-diethylethanolamine,
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Enbodi ment 17. The met hod of Enbodi nents 1-16, wherein according to
paraneter (c), the solids content of the first mxture prior to the

addi ti on w0 20tee1280701 - sol vent i s approxi mately 15 percenPCraS4@ipessent by
wei ght. Enbodi nent 18. The nmet hod of Enbodi ments 1-17, wherein according to
parameter (c), the solids content of the first m xture prior to addition of
the anti-solvent to formthe second m xture is approxi mtely 20 percent to

40 per cenfietdholBli ind MHFRAHIIRADlakhthe. NBR L AR QRaRble FHMRA IR iR 1uke 18,

wherein according to paraneter (c), the solids content of the first m xture
i s appr oXKIERE] RGOV fsts £pmbIBYLaRe PigHb of fietodiifen idXYMPTHEOHet hod of

Enbodi menfis.pleot@in MREERITASEOLAL Ao hOuRAr ameter (c), the solids content of
the first mxture is approximately 10 to 35 percent or |ess by weight.

Enbodi ment  21]00FheMagtoh g ngfosEmbouiimaatigants pontivnee plive, weroardemgnen

par anet er, , e 1 tely 20 to
65 & Enes i b0 bTREIBLE G S, A ROPRERCE MR i BLRIAAET § ng to
par anet erme(ndamint:&hmast bmlped altabpla Ooff totaheutd SO0 nolasipxt 1l0endles df @swmohytian 60
Egt)g?r:etngr% ?n&% Se%eﬁtlontrr% n‘Bpem% tlalﬁ?’ (éong?n({i]iaﬁ(gnssv&gg%nntéese r\a{\hggzg renla}l lgg 1%; er bdylt ﬁgse W)

Enbodi nenkdidy sliﬂ]nm tl‘tre'aﬂn odithofit drtbe cipesmtsation?2 Bhe wheted iconcantcaoionl may t o

paramet er

he rature wherein the t ur e of thes ond
Pty o el bk B ot et DR S e Bty %fs 124,
wher ei n as@Bkfigerco. AD&Il&BEtrﬁﬂar(rEt)q oftchﬁlpl’eatrﬂeml eeitalmemaasmeda@inmembf to the
first mxture b i pI’OXI 75: 0 ap 3.75: 1.
Erbodi merte i Pt kahud 0 B d L o gerERhl Mk Sheamatrer o

par anet efprdf@ted. t he ratlo of the anti-solvent to the first mxture by wei ght
i S approxi mat e(l)g)y 1:1 to 3.5:1. Enbodinent 27. The nethod of Enbodi nents
1- 26, wher ei nl&EEbH; Cﬂalpieé R SRRPESYYE) ) may jgationafly furder inpladephalidg ol vent t o

the firstodiadhl eniBdiMBiotie, bSioMRB oK Wd i alide i6RS af B SpgiRidke the
Enbodi ment 28. The method of Enbodi nents 1-27, wherein accordl ng to

par anet ercaCEIN mixjee b frgiol pnalkalhpakyiivem alkglingjgartly meigsalii akeur e by wei ght
'13 appr oxpARh&§bnlof arul0.§ hok th-ab&TR M m%@be&%o mdi& JrBhdief. Rbndikrodi ment s

28, wherein according to paraneter (f), the anti-solvent corrprl ses 0O
percent to appligxi Irlmp@byreﬁerﬁrdpmb@@mentbthr@hx pftalatabist commpbiodticoeper 30. The

met hod Of IF'IQ&%&Q?? Blﬁglgnbe%?er ce aﬁh 2 s@go%ggrg IH%O&JT? inP %‘hg g‘?ér&ir%/ (TLO)IOS.IIHIH@

anti - sol vent conpr t’o approxi mate percen y wel ght of
wat er . In a highly preferred embodlment the complex metal catalyst comprises copper ion, N,N'-di-

t-butylethylenediamine, di-n-butylamine, and dimethyl-n-butylamine.

[0044] Various techniques can be used to initially prepare the poly(arylene ether). In
very general terms, a reaction vessel can be first be charged with the reaction solvent, a
portion of the poly(arylene ether) monomer(s), the complex metal catalyst, and any other
conventional components, such as surfactants and the like. A stream of oxygen or an oxygen-
containing gas can then be introduced into the reaction vessel, while the remainder of the
poly(arylene ether) monomer is added over a period of time. The sequence and schedule for
monomer-addition can vary considerably. Polymerization can then be carried out, until a
polymer with the desired molecular weight is obtained. As those skilled in the art understand,
polymerization can be carried out as a bulk process or a continuous process.

[0045] The polymerization process conditions, such as reaction time, temperature,
oxygen flow rate, and the like, may be modified based on the target molecular weight and
monomer composition. The endpoint of the polymerization may conveniently be determined

with an in-line viscosity meter. Other procedures may also be carried out during the process.
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Enbodi ment 31. The method of Enbodi nent 1-30, wherein according to
paraneter (f), the anti-solvent conprises O percent to approximtely 2

per cent hbyoweixi2s170f wat er. Enbodi rent 32. The netrhodsed1imndzedi nent s
1-31, conprising two or nore of the process paraneters selected fromthe
group consisting of (b), (c), (d), (e) and (f). Enbodi ment 33. The

nmet hod of Enbodi nents 1-32, conprising three or nore of the process

par anet erxasfles mtRde; il Mot iie GIL WRighOMSdsichifs Ahndih O a(Rddetelinea (d) , (€)
and (f). Enbodi nent 34. The nethod of Enbodi nents 1-33, conprising

four or AgACEOBEME HAd pnsEEE (ha pRerbicd prd HePREMENUREYM t he group consi sting

f (b), J € e intained duri . i7a S a d of
D o heut e 1@)3;6] ﬁ%ﬂn%?#%i sEffé‘}‘ptr A %ﬁgﬁ‘g@% ?‘% ,t;@(% %f’m%rg;) " (o) and ().

Enbodi mentgngd@antiyh éor granidel o #hebiddi(reribgut D536, Winharthis mnghet step (a) furt her
conpri se topV: up

consi st %Sgg{eﬁ%%@?@e(ﬂ%% ?at %?fﬁ?%)sp%ﬁgﬁg)f j%:ls §§énep%fg?%{’ %Jgtg}aﬁjget%?%dot he second
m Xt ur e wiaximem shgeratfropicabogerdetant rgpdeuirceubtangally nplelr then aboy 95 éed of 4
ms or | ems Rreactions can Sc%hr E)Ja Y (;I‘rf]:g }oh% —f ir(gd%([:ts rgtxttnl“llre?at()f S gl}bg antg lg{)n;/etrh a

sol i ds content of approxi Hat el y D Poygppr oXi ma?e]?y 36 per cent by wei ght of
t he pol y(anybend °€t lvec)ystalsnay;form in the solwjonmai nt ai ni ng a tenperature of the

second m xtur en.approxi mately 27.to 45 C e roviding a
PeTo of the DTt B DARRR e W G i s smgitel Shersdioi et of y
l:hl t 0 3.chmplex afechl catalyst withfah aguicous dﬂmgnlhﬁdeamﬂeﬁﬁﬁUkseBﬁt. N?TBJ‘4D$,E(D[? no nore
than 3 per ter . wei ght ; rein the inprov article size
char act graf@gig%%w@né‘l ‘ﬁ‘ggvﬁ}?@g %rexgi‘fttgf?tsoqrm‘%?t)ng&ﬁe"c%m% ‘Ufsegf? S%’TP Wlﬁbr cent
of parti chesag¥Rhfted theteR@ Dl BE polly BRI L FeEcticANWhan {(heée) miTB@dk Rakddeghe Si ze
greater than 100 or nore mcroneters. Enbodi nent 37. The net hod of
Enbodi nerftesPoly(@plengpsraregetiqnsplupian. te fopmisx nedhspiplyeidenpes peitaredotd process

par anet erpy sk 66HABN QM BRe ga@UP consisting of (b), (c), (d), (e) and (f):
(b)agitating the second m xture with a shear force generating device at an

i npel ler tip EPéeNolimitipexypplpedshe cxigyiomy spdchehroperiosee 29841

(c) provig@ignGelid, ahffonBGHE, &iQffas S8R, dndlvadbidshoR rfRlibd c£ORY£OLC@S
approxi mately 20 to approxi mately 40 percent by weight of the poly(arylene
et her) r esitamning compoyndy. Miefemedadhniangg agente ipepae gmbodifienthmckideond mi xt ur e

23, bk S LA RSB POrapbis gyl o 0 1
provi di nghashmagnbls.-Moluwrentvhidoenpmrse mgivindwahaxtractiiaer Qelpergapats watlér by
wei ght ; also be employed. Furthermore, as described in U.S. Pat. No. 6,407,200, the chelated metal
catalyst can be extracted with the water produced in the polymerization reaction, by using a
liquid/liquid centrifuge. Alcohols or water/alcohol mixtures are often used as the extraction
liquid.

[0049] The polymerization reaction medium may comprise an aqueous environment.
As described in U.S. Pat. No. 6,407,200, anti-solvents can be used in combination with the
aqueous media to help drive the precipitation of the copper (I) species. The anti-solvents used
in this stage are often low-molecular weight aliphatic and aromatic hydrocarbons, ketones,
alcohols, and the like. Those skilled in the art would be able to select the most appropriate
type and amount of anti-solvent for the polymerization stage.

[0050] A portion of the reaction solvent is then generally removed after
polymerization of the poly(arylene ether), to produce a concentrated solution which may be
homogeneous or may be a slurry; that is, a suspension of particles in a the solvent. This

concentration step, sometimes referred to as “pre-concentration”, is often carried out after

removal of the complex metal catalyst.
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wherein the inproved particle size characteristics include one or both of:
(i) up to about 50 wei ght percent of particles smaller than 38 m croneters;
and a (iiwormeen2pewticle size greater than 100 or nore RCTASETALS41

Enbodi nent 38. The nethod of Enbodi nents 1-37, wherein the particle size
characteristics include up to approximately 40 wei ght percent of particles
snal [ er than 38 mcroneters. Enbodi ment 39. The method of Enbodinents
1-38, wherein [ddaﬂhmerﬁre.%&pmaz@n GRAsARH Ay calred Suld (5 plIdEE AoBRRak@rticle
size of greater than 150 m croneters. Enbodi ment 40. The net hod of
Enbodi mentigtian yinggher e theat dhpeighianrepairdl ihenelysirylencebradiosierdt i cs

i ncl ude Rk RinBRREOX LB SbMia o‘i&ﬁhrﬁf&he PRES RIE c@féenﬁ%ﬁ V&logs Rl Lgh than 38
m croneters. Enbodi nment 41.° The nethod of Enbodi nents 1-41, wherein
the i nprovéy tyreraf sellent giedeandhleg iaineie ivise¢sets of e lpolyeardenvesdierpdhe i cl e si ze of
greater ulifhf Dol 8FRELRae embodinRIRILLRR1AZ 1ealfiBoIEINOR R eI OC ment s
1-42, wherein the inproved particle size characteristics inct ude up to

appr oxi mané nprea@efwrblyhat lper abentt30ofeiga pericoit éBegmpiign colvantra@gn ircpoeaet er s.
Enbodi nent ,43. The neth f odiments 1-43 wherein the ippr.oved

St T B R i R G R S R R L e
200 m cr paet@rk.some espe&inthoptcfeand eddodiniéres, et hodnoh weigho piromnissibdit43,

wherein t he pol }T(%gryl ene ether) conprises pol yphenyl ene et her.

Enbodi meM{*'#5P"SHe net hod of Enbodi nents 1-44, further conprising the step
of form ng theopo] Xny aiityble Arthetl f@rpre-odncsit@pol My byeraplbghat Fatekymploupl i ng a
monomer conprising a nonohydri.c, phenol using an oxygen containing gas and a
conpl ex %@F'C%%%WQP “}aﬁggc%%g‘f‘i?wﬂ)ﬁ'w{ﬁ%t@‘érﬁaﬁt “68{‘]‘9?%? Ve et her)
resin as agndtbkdridBiling pbid€ abOpé&fe modestly elevafedaBslicBalt 146mosph&e. et hrd of
Enbodi ments 1-45, further conprising the step of isolating the poly(aryl ene
ether) wiltnPInfft R (Bl Plac B B¢ Bat-Bxrhrnget pically @aploved). The poipigicignt 47, A
pol yphenyh&ng rellalio £ RWRE hidlsOe: Ad RAPfurd wWHer®l Widorikadbn RS04 et her),
wherei n the pol yphenyl ene ether contains a noiéty derived froma

mor phol i et Bichplient cdkeaplyest Thegsawiedheqtnd vipsizaads paptiekhethe hose

char act enj, 5tk e iR thelHIs RAUMPRERYL R flDEhd Rbdide one or both of: (i) up
to about 50 weight percent of particles snaller than 38 m crometers; and a
(ii) mean par tGQ08BEThs precegy fwghacombases tQObiomg theraengrntatodredietrog, with an

Enbodi nent... )V (AN . i -1, 4-
phenyl enghté_?ﬁg?r@, Sg%gofﬁgfg%%aﬁ%ﬁ% *l%ﬁéﬁ% Igglﬁ’g' %%1%8@1@2& ?ggee’g%?dﬂgﬁﬁé@#ee of

i ncor por af éd cdigghenabslutionés spesiicdlios the wherperiod inleediatgly befert qoabinagére si ze
characterj.stjcs of . the.pol ybhenylene.ether include one or both of: (i) up
o about 58 PERROEF B BRS Dk PRE b S PR S a el o A
(11) neans payddndliedsvidahgirgiadobrent Aana pidlcad man@t ée mnglecinet ef the

Eoo! MO0 45, TR0 O JBLEEE D LY RO SRSy Ly v

(a) oxi datd anéilsglvemupl i ng a nmonomer conpri si ng nonohydri ¢ phenol using an
oxygen cont ai ni as and a c |l ex metal catalyst in a solvent to produce
a first mxt ukoeo_ggbﬁ&frt_ﬁ@wgmg éggffef@aw}r@ﬁ%s a5 AP Gt at

conbi ni NGeak®obid 705, & X 1ddEiQbYILRD *@lorabichst apduvontct o form a second m xture

conprising the solvent, the anti-solvent and the poly(aryl ene ether);
wherei n step [WPIFAMEHAY OLBHpPIVSRS My Pe CORBiAChYIEN (Br seresarard saldiPRC sel ect ed

fromthe pgf,rcﬁ}i'tﬁte(iﬂiﬂ'pii.cljﬁﬁﬂyﬁge &Be&.@hﬁre(igﬁo pdr@dular (iRt e £dtd solvent employed)

agitating the second mxture with a shear force generating device at an

i npel | er 1t ihg npfnddSwabls apdi-solyenty igglyde alkanols hayigy 1 jr &hwrch ergbanheuchias st mi xt ur e
of step (rﬁe)tha\ﬁ’blt{]]\d%eslﬁée' &%ongf)ﬂatv?r{gt RE (AR tocé§ %lg(ﬁl! a)(onjrsq st a@%(@:g(??é' 4t ely 50

percent by wei ght of the. poly(aryl ene ether) resin; . mal nt ai ni ng
a t enper dtaliks; gfd diecsdurion diveiodbgrieemtarbaasems sChlaphenang; agh the ise:poil | | ng
poi nt of . ant i - eng.. . i .o 0of nti-sol vent
to the f iczrngt8 m%‘l&%(nts ltjlfegéo‘é'y‘dp relfeér ﬁ? arcl)t% Sc“aﬁ%? gi@p%%eﬁgh%ogé%aﬁ%, ILBIIBP%)? ?mat ely 4:1,
and isop(dpynqhrmowitatioh gsobhi@nentiuiol, vent likowpa nsitmg tnoeafidnent han 5 per cent
wat er by e%lo&pl}eﬁt tﬁg gnti—solvent comprises methanol and at least one C;-Cg alkanol. Suitable Cs-

C¢ alkanols include, for example, n-propanol, isopropanol, n-butanol, isobutanol, t-butanol,
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wherein the inproved particle size characteristics includes one or both of:
(i) up to about 50 wei ght percent of particles smaller than 38 m croneters;
and a (iiwormeen2pewticle size greater than 100 or nore RCTASETALS41

Enbodi nent 50. The nethod of Enbodi nent 49, wherein the step (a) sol vent
conprises a C6-Cl8 aromati c hydrocarbon. Enbodi ment 51. The met hod of
Enbodi nents 49-50, wherein the step (a) solvent is selected fromthe group

consi st i RgheRfandlOP HRALI-1 6MaBHES meRH2 Buthhsll fnettRLN B0fanol, 3-methyFpboOdi ment  52.
The met hod of Enbodi nents 49-51, wherein the step (a) sol vent conpri ses

t ol uene. butanol, 2, Bdiyaeihyldrprogzmol pepepist ﬁ@leBnyE}?Bem%dt@m@l Fhexgidr ei n t he

first m étﬁé&ﬁndl% fﬁetﬁﬁ@%ﬁﬂ BUS_ SR DLRAGATR NGy N8 L R M@l ene et her)
and t he sol ven mbodi’ ment '54." The met ho 01‘p Enbodi nent's 49-53,

wher ei n tphletalfql,r“smettlwlxl penganols 3emeshylrlrgenophpd insiindg 2 ohetapd] 3rhathyl-Ene et her)
and the ?J%JltXI?dth—ethyl 1 butﬁliﬁ?%?jﬁégﬁﬁhyg?bmmﬁ é‘?hﬂx‘i’e@@% =hedh BERLSH nglgr 54,

wher ei n e tenperature t mxture 1s between approxinately 30 C
and 100 @utanol, 33dEn¢Ib3dflﬁlmwtn0563dmethNb2 h@tdnainyEnb@wlmeuha@l#ﬂQ 55, wherein

t he tenper re. of the fir reql oxi.mm and 90
c ﬁlﬁ}f d/cln.gel%ta EQ rrf.?%léylcn)g;l el an %ﬁ%t% %?Hen aﬁ@l ag%;leanﬁl tﬁ:%

t enper at uike, anfl ntixteref thesbf. fim xdotitee emBodmeéMﬂhe\ a@pglaxi cnmt}e]ls@s (30m&hant 70 C.
Enbodi ment . The t hod o Errbo n 4 e n.th nti-solvent is
Conor noa N T e RR ST Sirdl s rrgrsty d) by & il fink voseal or
hi gh- sheabmpiisck AGHALIGTP. Embodi ment 59. The nethod of Enbodi nents
49-58, wher ei ant i | vent, cQ i ses a Cl-Cl10 aliphati.c al cohol.

Enbodi ment GOFOO%E]eArY%rt‘%BP%PGS@%%‘HP £ hrgiseglo GREE P e PIRAPIANOP SER| vent s
sel ect ed For @miphe pRE ﬁﬂﬁloﬁ(@ﬁlﬂ;bfﬁéam S innBdifanehk vekiiagebped wigPmopanol ,

met hanol adm xed with water, ethanol adm xed with water, and |soFr opanol
admi xed VBRHHORARCaPS such as a shesfiforgs pesratipg devigreor fhotliksd Ibtnermbedimeaiits 49- 60,

wherei n ther aptd -e%alae{@guevice IS Se iR &fxeﬁsal%laﬁgmemﬁ@uﬁrme of methanol,
or nethanol adm xed wth water. nbodi nent . Thée et hod of

Enbodi nesp@nmggialy aviijsbledrom, é@@éaraplﬁgwtlbeleaﬂi%fﬁe@@bH(&090 Veleert.igsamams ti p
speed i S ;P IS KA WhASE Sinc. wllmmg%ﬂf’%hm}ohﬁé” [g]érz@efhggﬁéﬁpﬂtegfduﬁ@jom nment s

49-62, wherein according to paraneter e inpeller tip speed is 4 nls
or |ess. precipitation 1Emltﬁcﬁdrrﬁemﬂ<6mdmTlhﬁehlglemqerdlomOgEnmmavreﬁta@om@(B@c Wwher ei n

accordin tter (b), the inpeller tip speed is 3 nis or |ess.
Enbodi ne%b&%g@%q_(ﬁ&%mt hod of Enbodi ments 49-64, wherein according to

par anet er (c) [006heUsally.dse menpiewdd moly(arhlend cth@) 1snlnent1w1zeecp psiog artyo t he

3\2?5;; on (:((;rflve;lr| (Eln‘ﬁp lératlgno(lfrvselgélh%d se%&aﬁon t’&‘?}}m liaﬁlgn t?artllsggg}%géa WEE:: glezt by
accordi ngndhmepamarrmlelrs ta@inud3eotagl vadsinc ilire mbntmfuoﬁshﬁmfmg’lﬁd filiexst bitteh pri or

to addltl nof ean | v f ormthe second xture i s approxinmtely
20 per centFo nﬁld e maﬁ%);o\%@ %{Pseparamn ap@%@&?sdﬁﬂ{lgeé;?mmﬁﬁ&s met hod of
Enbodi WE@bEd/H@n(ﬁ&ntrWh@’sEl n accor d| ng to paraneter (c), the solids content
of the first %]: ) apprOX| L%ZOto3 percent by wei i
Erbods ment 68 10CH eI i 6 TB1 HHBBER Hoh<r0m ey NaRBF oYt PR ¢ o
par anet efiechfiuest WasiERY mﬁiﬁb@ﬁaﬂfoﬁﬂéd ofr ckhifplt,iwisl additshal i kSvap piexy wat el y 10
to 35 percent or |less by weight.

the filter. Alternatively, the “powder wet cake” from the filter or solid/liquid separation

apparatus can be mixed with additional anti-solvent in a stirred tank. An alternative method

of washing the filtered poly(arylene ether) uses a two-stage re-slurry and solid/liquid

separation process technique. In this embodiment, the wet cake from the filter may be washed

with anti-solvent in a stirred tank. The poly(arylene ether)/solvent/anti-solvent mixture can

then be separated in a solid/liquid continuous centrifuge. After separation in the centrifuge,

the poly(arylene ether) wet cake can be mixed a second time with anti-solvent in a continuous

stirred tank, followed by a second solid/liquid separation in a second solid/liquid centrifuge.
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Enbodi ment 69. The method of Enbodi nents 49-68, wherein according to
paraneter (d), the tenperature of the second m xture is approximately 20 to
65 C. wo 2Emiadi7oent 70. The net hod of Enbodi nments 49P6%/USedienzdnl
according to paranmeter (d), the tenperature of the second m xture is |ess
than 60 C. Enbodi ment 71. The method of Enbodi nents 49-70, wherein
according to paraneter (d), the tenperature of the second mxture is |less

t han 50 @MBODIMgﬁm@Qﬁimmx}gNTiﬁm met hod of Enbodi ments 49-71, wherein
according to B)ararreter d), the tenperature wherein the tenperature of the

second m xt ur &Ll Ingdystiagpgst, iy igyention is dirgtigshigiapayrodAar progcinget hod of
Enbodi ”E%E(a‘}?e&% eth\é@%&ﬂ lﬂlpﬂ%@ﬁé}h&g s&@ctﬁﬁarcéﬁﬁic‘érthé fkthod B&nﬁr?sidg%@f t he

anti-solvent to the first mxture by weight I's approximtely 0.75:1 t
appr oxi netegloyt 3. 75: 1. Enbodi ment 74. The met hod of Errbodl ment s 49 73,

wher ei n according to pa(ﬁ)a”e%&hb&%%’afﬁﬂ‘?n& ec% %Eghg%lp%ﬂl(éryl%ﬁé%ﬁn% dyfdo the

first mxture by weight 1s approxifnatel ment 75.
The met hod of Enbozclsqlrwmtmthl@amSOWWetrtelfmrne@cwmnmgtmr@cqmlamgtd@r (e), the

ratio of the anti-solvent to the fir tu ht is approxinmately
(s 1.75:1 to 3 25:Piveht: e ant: Sgn%ntaand%hetpn]i’yzaryi?ﬁe Bfer) ﬁ‘B% of Enbodi ments

49-75, wherei wha[em@teqbl(m)gfuttmerpamp\nmt eore(thdn orteipeoceﬂtpamnmtersélﬁ:temrfmm gel vent to

the first m xtur h oximately is 2:1 to 3:1.

Embodi neff® " lggﬁgﬁég) E)df) @ﬁ@gf)rrents 49-76, wherein according to
paranmeter (f), the antimpol vgniing MFREdCRE ittueeritheidhedrdo@p pemeratingpt el y 4.5
percent by wei ght of water. . ErrBo?i nt 78. The nethod of Enbodi nents
49-77, wherein accHieALAY B PR SRSPer © ?;Es?rﬁ‘éssantl -sol vent conprises 0
percent to approxinately) 3 @ﬁfvmfgtth@‘ﬁrsmmﬂ%opitepﬂm &ith abohRdbmERLf 79. The
met hod of Enbodi nent 49-78, wherein_according to paraneter

, . the
anti-sol vent conpriRPERiPaEs 0 Mapprimyey 69 ipﬁ‘ﬁ?félbv “‘Elgﬁé?féé?\?‘)(ll)gﬁfy\]@?ght of
wat er. Enbodi nent §Qur [Llig; met hod of Enbodi ments 49-79, conprising two or
nore of the process paraneters selected fromthe group consisting of (b),
(c), (d), (e) and (f). (EhbyammEa GUPeraHE HdicHsePngfniEMsodiosent s 149e80,

conprising three %aﬁ‘@ié%m‘ﬁflg f)&ﬁtcmt%ﬁ%og@ﬁ @ameters selected fromthe group
consisting of from(b), (c), Enbodi ment 82. The met hod of

Enbodi nents 49- 81, corrriﬁ)l si mg>VfChngra I@mo nbthealm sclrat orteclessmparahet er s

selected fromthe 1.1 1 ) e) and (f).

Enbodi nent 83. The\gngll%{ﬁ)éggﬂg&@%g/g}%ﬁ{%pO@)((@gfelyggﬁ%?cfsl ng process
paranmeters (b), (c), (dy, (ejovaimg thé jnti-solvent cobiioni mentor@dan Thecenet hod of
Enbodi ments 49- 83, rein . the step (a) further conprises nore than one

process paraneter gelrect's dglft‘romthe group consisting of (b), (c), (d), (e)
and (f): whertin)thaigiptratet partitleizs eltomkriziiostintledevdnt or Bots he & up ar ce
(c)

generatin ice at an i er t

o ovt di ngPeat pERLEPortShe Ut ol R o el ful o R heergye

appr oxi mafzelalB ke 16PN MRdrehyte80 percent by wei ght of the poly(aryl ene
et her) resin; |nta|n|nlg a tenperature of the second m xture
oy(arylene(rgg)e

bet ween appr ofd068k | %9& 227‘1’? Mgy, (e p DR WEHG SEP @ PEn et he
ant i - sol ywentpit@dtdied fafillafd prbdicethBys Wela@Btroff the PRy A%k ABbeledctbnhs t 0 3. 5: 1;

and described previously. The particle size characteristics of this particulate product may not fall
within preferred particle size ranges, so resubmitting the material to precipitation process
may be necessary. When the poly(arylene ether) is the precipitated, dried particles, the first
step of the invention process is to combine the particles in a suitable solvent to form a first
mixture, Preferably the solvent used to form the first mixture is a C4-C;g aromatic
hydrocarbon solvent or the like. More preferably the solvent is toluene. The polymer is
preferably taken up in a sufficient amount of solvent to provide the first mixture as a
homogeneous mixture or slurry comprising the polymer and the solvent, with a specified

percent solids content of the polymer by weight.
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(f) providing the anti-solvent conprising no nore than 3 percent water by
wei ght ; wherein the inproved particle size characteristics include
one or bowb20f2/12617) up to about 50 wei ght percent of parCiraisesii®ashi er t han
38 microneters; and a (ii) nmean particle size greater than 100 or nore

m cronet ers. Enbodi nent 85. The nethod of Enbodi nents 49-84, wherein
step (a) further conprises nore than one process paraneter selected from
the group congiosij nig: @ diRure 4Drovidedin ste)a) ARY bE fhimed as needed ) agi tating
the second m xture with a shear force generating device at an inpeller tip
speed of Prefprblyghe jegipgrature of the fiysgixgere 5 bgfwign ppREOFIMAStY 3rﬁ°>€t4§lﬁléogPCet ep (a)
W th a soliedsn GANLEAaR ARLIMIHRE §h¥arth HQWAPRHEX TRl 4@ Per cent by
wei ght of the poly(aryl ene ether) resin,; (d) maintaining a

t enper at tgrepegfture kadpoeto ndlord efigrablyl dis senppigzaturd Of @e first mixture ighetweenvi di ng a
rati o of ant k- 504 tontop: t ] i i - [ OXi mat el y
1.75:1 tgb@ﬁg@ﬂ%%yﬁ%éYﬁﬂfm e'?ﬁﬁeé#%%?ﬁghgg% m%%?%ﬁg%ﬂ%gﬁﬁxﬁgﬁsrising no
nor e t hape@vepeapreokimpalyed "b\and@ ¢t ; wherein the inproved particle
si ze charact eHO%E:‘ T fiirg]tCI 'ugl?e R Q%E)rrl]cer?tfrait d( io)l R hgse?rbglm 50 wei ght
percent of particles Shal T'er® tian §§ M Croneters: and a (ﬁl% mean particle
Si ze gr egbBinetihaion 1€0ti@r asrdsceibed crlnreThe Slvent, tempetandredindesiids 8éntenfthe net hod
of Enbodi ments. 49-85, .wherein the inproved particle size characteristics
Uncl ude G B LERPSREHERANS PHOLE gR e e eIl Blad Bkliter ¢ han 38
m cr onet efisture is such afpabad peré. 87. The nmet hod of Enbodi nents 49-86, wherein
t he i nproved si ze character cs include mean particle size of

rticle. | St
greater than E@égfnﬁ&ﬁfgﬁfé{“&%‘? is then ComEﬁB%%ﬂCH@H’cg g glep fan B Sgyent to

Enbodi menbsn £#Qc8nt mMhes ednfprishe thodereretheRal ko164, 5l 2R rhafiacueri stics
i nclude up to approximately 30 wei ght percent of particles smaller than 38
ni cr onet @PY(arylene ethaehplygicaln thegati-sphyentipiddsd taghe BRBGECHRBPHENAYE 88, t he

i mpr oved ppRhfet GkRIRUZEHE RALART By fistiy Che bLLdIGL B a0RANO BRNELE] @n@ind® Of
greater than 175 m croneters. Enbodi ment 90. The met hod of

Enbodi meriespohgu@gsolghigpiaivic. th B1cipRiy sy edv g amiiug & adiloddogassalcroateintd cs
i ncl ude yp. gna-sangﬁtomgen%@} ¥ aAQiVE hdh bar SE&RRhg gfvfaﬂéastﬂrsdegs&gsmnke%%sot han 38

m cronet ers. . odinent 91.° The nethod of Enbodi nments 49-

wher ei n tNhedyppddayiep for cowbiaingitrepodnar aelventing xjuteswiknib anjesdvaream particl e
si ze of . M LLOTRLE S Enbodi ment 92. The net hod of
Enbodineg%gﬁ%gﬁg%gg&ﬂégg?ﬁ&ﬁ%e |%§foved poly(aryl ene ether) conprises

pol yphenyl ene[@b6#eAs indicated atbarvb dei ang 1301 va8 is SEleteddtoodkandls Babogli meabost 49- 92,

furt h.er %%g}qolnss slugg alt trﬁgth%{o?gncp tLe {i er' %tglges.thgx%n gllréé(tg Ellylu?p %.cgrtbg eEt)o of Sj[ ep (&)
by oxi datively couﬁilng a nononer ’conprising a nnnéﬁyfrlc p%eng?’u5|ng an
oxygen coudtedsntagnegas tanliked agbatiinexhavirigdlve c@btauyeh carhorpatsind, wedhtast 0 pr oduce

e Byt g e R BT L Sl PO P ™
i sol at i n@aha, Plopdil YidpRpaedl hebytanill tifbbuREIOVRMNBR F (he llike, i & Enixture
iRy = SR SN R AR
r ef er enceqiuafoll $8iable@NIA faBlaMols %w&&&xample, n-propanol, isopropanol, n-butanol,

isobutanol, t-butanol, n-pentanol, 2-methyl-1-butanol, 2-methyl-2-butanol, 3-methyl-1-

butanol, 3-methyl-2-butanol, 2,2-dimethyl-1-propanol (neopentyl alcohol), cyclopentanol, 1-

hexanol, 2-hexanol, 3-hexanol, 2-methyl-1-pentanol, 2-methyl-2-pentanol, 2-methyl-3-

pentanol, 4-methyl-i-pentanol, 4-methyl-2-pentanol, 3-methyl-1-pentanol, 3-methyl-2-

pentanol, 3-methyl-3-pentanol, 2-ethyl-1-butanol, 2,3-dimethyl-1-butanol, 2,3-dimethyl-2-

butanol, 2,2-dimethyl-1-butanol, 3,3-dimethyl-1-butanol, 3,3-dimethyl-2-butanol,

cyclopentylmethanol, 1-methylcyclopentanol, 2-methylcyclopentanol, 3-

methylcyclopentanol, cyclohexanol, and the like, and mixtures thereof. In another

embodiment, the anti-solvent comprises methanol, isopropanol, n-butanol, or a mixture
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[0118] Poly(arylene ethers) with | ess fines can be prepared fromthe
separated solid particles that are collected after the work-up of the

pol yrer i 280i20re/meE0t i on, or fromthe internedi ated pol ywrer/tsediaoponl as t he
starting material. In either event, the poly(arylene ether) is dissolved in
an aromati c hydrocarbon sol vent such as toluene or the like to nake a

pol ymer sol ution of specified solid content. The polyner solution is then

conbi ned prddd. RRigARtPrefs@dd ARt solvBn@oRibRSs RictiRhdI0Pra(&888] hédnidsohRAsit ant f 1 ow
rate and the precipitating m xture is constantly 98| tated. The anti -sol vent
|

i s an al insH@OPlkan) BOKAreyHRlh th%awmntcﬂon@ﬂsetswbwt @ercgp i Hivaerepnidyni xed
wth wat %61%h%£%%ﬁ5ngﬁﬁ%g[gﬂogﬁ-rd \%ﬂght percent wa[t(gllg] The raw pol yphenyl ene

powder sanple that Is used for the précipitation studies is analyzed in the
Synpat ec Iase[OOGﬁ]fTﬁrpa@ﬂlvmn@éwwtle {ivboeiture MRh 8/ 4aR)solvieirs ¢aidecied ka2 are 38
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characteristics referenced above generally improve. In one embodiment, the impeller tip

speed is 6 m/s or less.

[0069] In another embodiment, the impeller tip speed is 5 m/s or less.

[0070] In another embodiment, the impeller tip speed is 4 m/s or less.

[0071] In a further embodiment, the impeller tip speed is 3 m/s or less.

[0072] In a further embodiment, the impeller tip speed is 2 to 4 m/s.

[0073] Of course, the design specifications and proportions of the particular
precipitation tank or vessel that is used will govern the optimal rate of agitation and will take

into consideration such factors as the impeller diameter and the impeller rotational speed, as
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homogeneous mixture comprising the polymer and the solvent, and to provide a solution of
the polymer in the solvent with a specified percent solids content by weight. As the solids
content of the polymer-solvent mixture is increased, one or both of the particle size
characteristics referenced above generally improve.

[0075] In one embodiment, the solids content is 15 to 45 percent by weight.

[0076] In another embodiment, the solids content is 20 to 40 percent by weight.

[0077] In another embodiment, the solids content is approximately 20 percent to 30
percent by weight.

[0078] In a further embodiment, the solids content is 20 percent by weight.

[0079] In a further embodiment, the solids content is 30 percent by weight.

[0080] In a further embodiment, the solids content is 40 percent by weight.

[0081] In a further embodiment, process parameter (d) of the first aspect relates to the
temperature of the second mixture formed by combining the first mixture (from step (a)) and
the anti-solvent, from which the polymer precipitates. As indicated previously, the polymer
is combined with an aromatic hydrocarbon solvent to form the first mixture as a
homogeneous mixture or a slurry.

[0082] The temperature of the first mixture, the temperature of the anti-solvent, and
the final temperature of the resulting second mixture play a role in the particle size
characteristics of the isolated polymer. Thus, as the final temperature of the polymer-
solvent/anti-solvent mixture is reduced, one or both of the particle size characteristics
referenced above generally improve.

[0083] In one embodiment, the polymer is combined with the solvent toluene at 70 °C
to form the first mixture. This mixture is added to the anti-solvent maintained at a
temperature that is less than 50 °C, so that the final temperature of the polymer-solvent/anti-
solvent mixture is less than 50 °C.

[0084] In another embodiment, the temperature of the anti-solvent is between 25 °C
and 49 °C, thus providing a final temperature of the polymer-solvent/anti-solvent mixture of

between 25 °C and 49 °C and more preferably between 25 °C and 40 °C.

19



208.3 400 312.5 Methanol (g) 1000 1000 1000 1000 1000 1000 Water (g) 41.7 O
0 41.7 0 41.7 %solids in polynmer solution 20 40 20
WO 2012/125170 PCT/US2011/029341

[0085] In a further embodiment, the temperature of the anti-solvent is between 22 °C
and 38 °C, thus providing a final temperature of the polymer-solvent/anti-solvent mixture of
between 28 °C and 39 °C.

[0086] In a further embodiment, process parameter (¢) of the first aspect relates to the
ratio of anti-solvent to polymer-solvent mixture by weight. As the weight ratio increases, one
or both of the particle size characteristics referenced above generally improve.

[0087] Thus, in one embodiment, the ratio of anti-solvent to polymer-solvent mixture
by weight is approximately 1:1 to approximately 5:1.

[0088] In another embodiment,. the ratio is 1.5:1 to 4.5:1. In another embodiment,
the ratio is 1.75:4.25.

[0089] In another embodiment, the ratio is 2:1 to 3:1. In another embodiment, the
ratio is 2:1.

[0090] In another embodiment, the ratio is 2.5:1. In another embodiment, the ration
is 3:1.

[0091] In another embodiment, the ration is 3.5:1.

[0092] In a further embodiment, process parameter (f) of the first aspect relates to the
amount of water in the anti-solvent. As the amount of water in the anti-solvent decreases, one
or both of the particle size characteristics referenced above generally improve.

[0093] In one embodiment, there is no water is added to the methanol (i.e., the
methanol is absolute).

[0094] In another embodiment there is O percent to 5 percent water by weight in the
methanol.

[0095] In another embodiment there is O percent to 3 percent water by weight in the
methanol.

[0096] In another embodiment there is O percent to 2 percent water by weight in the
methanol.

[0097] In another embodiment, step (a) of the method further comprises two or more
of the process parameters selected from the group consisting of: (b), (c), (d), (¢) and (f). The
process parameter combinations contemplated in this embodiment comprise, for example, the
following: (b) and (c); (b) and (d); (b) and (e); (b) and (f); (c) and (d); (c) and (e); (c) and (f);
(d) and (e); (d) and (f); and (e) and (f).

[0098] In another embodiment, step (a) of the method further comprises three or more
of the process parameters selected from the group consisting of (b), (c), (d), (e) and (f). The

process parameter combinations contemplated in this embodiment comprise, for example, the
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following: (b), (c) and (d); (b), (¢) and (e); (b), (¢) and (f); (b), (d) and (e); (b), (d) and (F); (b),
(e) and (f); (¢), (d) and (e); (¢), (d) and (f); (¢), (e) and (f); and (d), (e) and (f).

[0099] In another embodiment, step (a) of the method further comprises four or more
of the process parameters selected from the group consisting of (b), (c), (d), (e) and (f). The
process parameter combinations contemplated in this embodiment comprise, for example,
(b), (¢), (d), and (e); (b), (¢), (d), and (f); and (b), (¢), (¢), and (f); and (c), (d), (e), and (f); .

[0100] In another embodiment, step (a) of the method further comprises process
parameters (b), (¢), (d), (e) and (f).

[0101] In a further embodiment, the method comprises one or more of the process
parameters selected from the group consisting of (c), (e) and (f).

[0102] In a further embodiment of this aspect, step (a) further comprises more than
one process parameters selected from the group consisting of (b), (c), (d), (e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 4 m/s or less;

(©) providing the first mixture of step (a) with a solids content of
approximately 20 to approximately 30 percent by weight of the poly(arylene
ether) resin;

()] maintaining a temperature of the second mixture between
approximately 27 to 45 °C;

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 1:1 to 3.5:1; and

63 providing the anti-solvent comprising no more than 3 percent
water by weight;

wherein the improved particle size characteristics of the precipitated poly(arylene)
ether includes one or both of: (i) up to about 50 weight percent of particles smaller than 38
micrometers; and a (ii) mean particle size greater than 100 or more micrometers.

[0103] In a further embodiment of this aspect, step (a) further comprises more than
one process parameters selected from the group consisting of (b), (c), (d), (e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 3 m/s or less;

(©) providing the first admixture of step (a) with a solids content of
approximately 20 to approximately 40 percent by weight of the poly(arylene

ether) resin;
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(d) maintaining a temperature of the second mixture is less than 40
°C:

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 1.75:1 to 3.25:1; and

63 providing the anti-solvent comprising no more than 2 percent
water by weight;

wherein the particle size characteristics of the precipitated poly(arylene) ether
includes one or both of: (i) up to about 50 weight percent of particles smaller than 38
micrometers; and a (ii) mean particle size greater than 100 or more micrometers.

[0104] In a further embodiment, the invention is directed to a method for producing
poly(arylene) ethers with improved particle size characteristics, the method comprising the
step of:

(a) combining a first mixture comprising a poly(arylene ether) and
a solvent with an anti-solvent to form a second mixture comprising the
solvent, the anti-solvent, and the poly(arylene ether); and

wherein step (a) further comprises one or more process parameter selected from the
group consisting of (b), (c), (d), (e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 6 m/s or less;

(©) providing the first mixture of step (a) with a solids content of
approximately 10 to approximately 50 percent by weight of the poly(arylene
ether) resin;

(d) maintaining a temperature of the second mixture at least 5 °C lower
than the boiling point of the anti-solvent;

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 0.5:1 to approximately 4:1; and

63 providing the anti-solvent comprising no more than 5 percent
water by weight; and

wherein the improved particle size characteristics include one or both of: (i) up to
about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle
size greater than 100 or more micrometers.

[0105] In a further embodiment, the precipitated poly(arylene) ether contains up to

approximately 40 weight percent of particles smaller than 38 micrometers.
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[0106] In a further embodiment, the precipitated poly(arylene) ether particles have a
mean particle size of greater than 150 micrometers.

[0107] In a further embodiment, the precipitated poly(arylene) ether contains up to
approximately 30 weight percent of particles smaller than 38 micrometers.

[0108] In a further embodiment, the precipitated poly(arylene) ether particles have a
mean particle size of greater than 175 micrometers.

[0109] In a further embodiment, the precipitated poly(arylene) ether contains up to
approximately 20 weight percent of particles smaller than 38 micrometers.

[0110] In a further embodiment, the precipitated poly(arylene) ether particles have a
mean particle size of greater than 200 micrometers.

[0111] In a further embodiment, the precipitated poly(arylene) ether comprises
polyphenylene ether.

[0112] In a further embodiment, the precipitated polyphenylene ether is a poly(2,6-
dimethyl-1,4-phenylene ether) prepared with a morpholine-containing catalyst, wherein the
improved particle size characteristics of the polyphenylene ether include one or both of: (i) up
to about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle
size greater than 100 or more micrometers.

[0113] In a further embodiment, the precipitated polyphenylene ether is essentially
free of incorporated diphenoquinone residues, wherein the improved particle size
characteristics of the polyphenylene ether include one or both of: (i) up to about 50 weight
percent of particles smaller than 38 micrometers; and a (ii) mean particle size greater than
100 or more micrometers.

[0114] In another embodiment, the method further comprises the step of forming the
poly (arylene ether) of step (a) by oxidatively coupling a monomer comprising monohydric
phenol using an oxygen containing gas and a complex metal catalyst in a solvent to produce
the poly(arylene ether) resin as a mixture in the solvent. The process for preparing
poly(arylene) ethers is provided above, in the Detailed Description Section of this
application. The step of forming the poly (arylene ether) is meant to encompass these
previously described substrate and condition variations, as well as variations incorporated by
reference.

[0115] In another embodiment, the method further comprises the step of collecting
the poly(arylene ether) with improved particle size characteristics from the second mixture.
As indicated previously, the poly(arylene ether) particles are isolated using conventional

filtration or solid/liquid separation techniques available to the skilled artisan. Suitable
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filtration apparatuses include rotating filters, continuous rotary vacuum filters, continuous
moving bed filters, batch filters, and the like. Suitable solid/liquid separation apparatuses
include continuous solid/liquid centrifuges. 'The filtered poly(arylene ether) is then usually
washed, using conventional techniques. Washing may be performed, for example, with
additional anti-solvent directly on the filter. Alternatively, the “powder wet cake” from the
filter or solid/liquid separation apparatus can be mixed with additional anti-solvent in a
stirred tank. Washing also includes a two-stage re-slurry and solid/liquid separation process
technique. In this embodiment, the wet cake from the filter may be washed with anti-solvent
in a stirred tank. The poly(arylene ether)/solvent/anti-solvent mixture can then be separated in
a solid/liquid continuous centrifuge. After separation in the centrifuge, the poly(arylene ether)
wet cake can be mixed a second time with anti-solvent in a continuous stirred tank, followed
by a second solid/liquid separation in a second solid/liquid centrifuge.

[0116] The invention can at least further include the following embodiments.

Embodiment 1. A method for producing a poly(arylene ether) with improved particle
size characteristics, the method comprising the step of:

(a) combining a first mixture comprising a poly(arylene ether) and
a solvent with an anti-solvent to form a second mixture comprising the
solvent, the anti-solvent, and the poly(arylene ether) with improved particle
size characteristics; and

wherein step (a) further comprises more than one process parameter selected from the
group consisting of (b), (¢), (d), (e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 6 m/s or less;

(©) providing the first mixture of step (a) with a solids content of
approximately 10 to approximately 50 percent by weight of the poly(arylene
ether) resin;

(d) maintaining a temperature of the second mixture at least 5 °C lower
than the boiling point of the anti-solvent;

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 0.5:1 to approximately 4:1; and

63 providing the anti-solvent comprising no more than 5 percent

water by weight; and
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wherein the improved particle size characteristics includes one or both of: (i) up to

about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle

size greater than 100 or more micrometers.

Embodiment 2. The method of Embodiment 1, wherein the step (a) solvent comprises

a C4-Cyg aromatic hydrocarbon.

Embodiment 3. The method of Embodiments 1-2, wherein the step (a) solvent is

selected from the group consisting of toluene, xylenes, and mixtures thereof.

Embodiment 4. The method of Embodiments 1-3, wherein the step (a) solvent

comprises toluene.

Embodiment 5. The method of Embodiments 1-4, wherein the step (a) first mixture is

a homogeneous solution comprising the poly(arylene ether) and the solvent.

Embodiment 6. The method of Embodiments 1-5, wherein the step (a) first mixture is

a slurry comprising the poly(arylene ether) and the solvent.

Embodiment 7. The method of Embodiments 1-6, wherein the temperature of the first

mixture is between approximately 30 °C and 100 °C.

Embodiment 8. The method of Embodiments 1-7, wherein the temperature of the first

mixture is between approximately 40 °C and 90 °C.

Embodiment 9. The method of Embodiments 1-8, wherein the temperature of the first

mixture is between approximately 50 °C and 70 °C.

Embodiment 10. The method of Embodiments 1-9, wherein the anti-solvent is

combined with the first mixture according to step (a) using a stirred tank vessel or high-shear

mixing pump.

Embodiment 11. The method of Embodiments 1-10, wherein the anti-solvent

comprises a C;-Cjp aliphatic alcohol.

Embodiment 12. The method of Embodiments 1-11, wherein the anti-solvent is

selected from the group consisting of methanol, ethanol, isopropanol, methanol admixed with

water, ethanol admixed with water, and isopropanol admixed with water.

Embodiment 13. The method of Embodiments 1-12, wherein the anti-solvent is

selected from the group consisting of methanol, or methanol admixed with water.

Embodiment 14. The method of Embodiments 1-13, wherein according to parameter

(b), the impeller tip speed is 5 m/s or less.

Embodiment 15. The method of Embodiments 1-14, wherein according to parameter

(b), the impeller tip speed is 4 m/s or less.
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Embodiment 16. The method of Embodiments 1-15, wherein according to parameter
(b), the impeller tip speed is 3 n/s or less.

Embodiment 17. The method of Embodiments 1-16, wherein according to parameter
(c), the solids content of the first mixture prior to the addition of the anti-solvent is
approximately 15 percent to 45 percent by weight.

Embodiment 18. The method of Embodiments 1-17, wherein according to parameter
(c), the solids content of the first mixture prior to addition of the anti-solvent to form the
second mixture is approximately 20 percent to 40 percent by weight.

Embodiment 19. The method of Embodiments 1-18, wherein according to parameter
(c), the solids content of the first mixture is approximately 20 to 30 percent by weight.

Embodiment 20. The method of Embodiments 1-19, wherein according to parameter
(c), the solids content of the first mixture is approximately 10 to 35 percent or less by weight.

Embodiment 21. The method of Embodiments 1-20, wherein according to parameter
(d), the temperature of the second mixture is approximately 20 to 65 °C.

Embodiment 22. The method of Embodiments 1-21, wherein according to parameter
(d), the temperature of the second mixture is less than 60 °C.

Embodiment 23. The method of Embodiments 1-22, wherein according to parameter
(d), the temperature of the second mixture is less than 50 °C.

Embodiment 24. The method of Embodiments 1-23, wherein according to parameter
(d), the temperature wherein the temperature of the second mixture is less than 40 °C.

Embodiment 25. The method of Embodiments 1-24, wherein according to parameter
(e), the ratio of the anti-solvent to the first mixture by weight is approximately 0.75:1 to
approximately 3.75:1.

Embodiment 26. The method of Embodiments 1-25, wherein according to parameter
(e), the ratio of the anti-solvent to the first mixture by weight is approximately 1:1 to 3.5:1.

Embodiment 27. The method of Embodiments 1-26, wherein according to parameter
(e), the ratio of the anti-solvent to the first mixture by weight is approximately is 1.75:1 to
3.25:1.

Embodiment 28. The method of Embodiments 1-27, wherein according to parameter
(e), the ratio of the anti-solvent to the first mixture by weight is approximately is 2:1 to 3:1.

Embodiment 29. The method of Embodiments 1-28, wherein according to parameter
(), the anti-solvent comprises 0 percent to approximately 4.5 percent by weight of water.

Embodiment 30. The method of Embodiments 1-29, wherein according to parameter

(), the anti-solvent comprises 0 percent to approximately 3 percent by weight of water.
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Embodiment 31. The method of Embodiment 1-30, wherein according to parameter
(D), the anti-solvent comprises 0 percent to approximately 2 percent by weight of water.

Embodiment 32. The method of Embodiments 1-31, comprising two or more of the
process parameters selected from the group consisting of (b), (¢), (d), (e) and (f).

Embodiment 33. The method of Embodiments 1-32, comprising three or more of the
process parameters selected from the group consisting of from (b), (¢), (d), (e) and (f).

Embodiment 34. The method of Embodiments 1-33, comprising four or more of the
process parameters selected from the group consisting of (b), (¢), (d), (e) and (f).

Embodiment 35. The method of Embodiments 1-34, comprising process parameters
(b), (¢), (d), () and (f).

Embodiment 36. The method of Embodiments 1-35, wherein the step (a) further
comprises more than one process parameter selected from the group consisting of (b), (¢), (d),
(e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 4 m/s or less;

(©) providing the first mixture of step (a) with a solids content of
approximately 20 to approximately 30 percent by weight of the poly(arylene
ether) resin;

()] maintaining a temperature of the second mixture between
approximately 27 to 45 °C;

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 1:1 to 3.5:1; and

63 providing the anti-solvent comprising no more than 3 percent
water by weight;

wherein the improved particle size characteristics include one or both of: (i) up to
about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle
size greater than 100 or more micrometers.

Embodiment 37. The method of Embodiments 1-36, wherein step (a) further
comprises more than one process parameter selected from the group consisting of (b), (c),
(d), (e) and (f):

(b) agitating the second mixture with a shear force generating

device at an impeller tip speed of 3 m/s or less;
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(©) providing the first mixture of step (a) with a solids content of
approximately 20 to approximately 40 percent by weight of the poly(arylene
ether) resin;

()] maintaining a temperature of the second mixture less than 40
°C:

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 1.75:1 to 3.25:1; and

63 providing the anti-solvent comprising no more than 2 percent
water by weight;

wherein the improved particle size characteristics include one or both of: (i) up to
about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle
size greater than 100 or more micrometers.

Embodiment 38. The method of Embodiments 1-37, wherein the particle size
characteristics include up to approximately 40 weight percent of particles smaller than 38
micrometers.

Embodiment 39. The method of Embodiments 1-38, wherein the particle size
characteristics include a mean particle size of greater than 150 micrometers.

Embodiment 40. The method of Embodiments 1-39, wherein the improved particle
size characteristics include up to approximately 30 weight percent of particles smaller than 38
micrometers.

Embodiment 41. The method of Embodiments 1-41, wherein the improved particle
size characteristics include a mean particle size of greater than 175 micrometers.

Embodiment 42. The method of Embodiments 1-42, wherein the improved particle
size characteristics include up to approximately 20 weight percent of particles smaller than 38
micrometers.

Embodiment 43. The method of Embodiments 1-43, wherein the improved particle
size characteristics include a mean particle size of greater than 200 micrometers.

Embodiment 44. The method of Embodiments 1-43, wherein the poly(arylene ether)
comprises polyphenylene ether.

Embodiment 45. The method of Embodiments 1-44, further comprising the step of
forming the poly (arylene ether) of step (a) by oxidatively coupling a monomer comprising a
monohydric phenol using an oxygen containing gas and a complex metal catalyst in a solvent

to produce the poly(arylene ether) resin as a mixture in the solvent.
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125-210 125-210 0-20 425-595 425-595 Mean particle size (mcrons) 301.07
232.29 271.83 389.33 304.97 325.28 Table 1(c). Effect of Material Charges
and PreciywDtatZ/s7€ondi ti ons on Precipitated Powder Charatiuseéigioresst
(Exanpl es 13-17). Exanple No. 13 14 15 16 17

Embodiment 46. The method of Embodiments 1-45, further comprising the step of
isolating the poly(arylene ether) with improved particle size characteristics.

Embodiment 47. A polyphenylene ether comprising a poly(2,6-dimethyl-1,4-
phenylene ether), wherein the polyphenylene ether contains a moiety derived from a
morpholine-containing catalyst, wherein the improved particle size characteristics of the
polyphenylene ether include one or both of: (i) up to about 50 weight percent of particles
smaller than 38 micrometers; and a (ii) mean particle size greater than 100 or more
micrometers.

Embodiment 48. A polyphenylene ether comprising a poly(2,6-dimethyl-1,4-
phenylene ether), wherein the polyphenylene ether is essentially free of incorporated
diphenoquinone residues, wherein the improved particle size characteristics of the
polyphenylene ether include one or both of: (i) up to about 50 weight percent of particles
smaller than 38 micrometers; and a (ii) mean particle size greater than 100 or more
micrometers.

Embodiment 49. A method for producing poly(arylene) ethers with improved particle
size characteristics, the method comprising the step of:

(a) oxidatively coupling a monomer comprising monohydric
phenol using an oxygen containing gas and a complex metal catalyst in a
solvent to produce a first mixture comprising a poly(arylene ether) and a
solvent and combining the first mixture with an anti-solvent to form a second
mixture comprising the solvent, the anti-solvent and the poly(arylene ether);

wherein step (a) further comprises more than one process parameter selected from the
group consisting of (b), (¢), (d), (e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 6 m/s or less;

(©) providing the first mixture of step (a) with a solids content of
approximately 10 to approximately 50 percent by weight of the poly(arylene
ether) resin;

(d) maintaining a temperature of the second mixture at least 5 °C lower
than the boiling point of the anti-solvent;

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 0.5:1 to approximately 4:1; and

63 providing the anti-solvent comprising no more than 5 percent

water by weight; and
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PPE (g) 69.4 200 104.2 66.7 138.9 Tol uene (g) 277.8 300 416.7 266.7 208.3
Met hanol (g) 1000 1000 1000 1000 1000 Water (g) 41.7 0 41.7
WO 2012/125170 PCT/US2011/029341

wherein the improved particle size characteristics includes one or both of: (i) up to
about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle
size greater than 100 or more micrometers.

Embodiment 50. The method of Embodiment 49, wherein the step (a) solvent
comprises a Cs-Cyg aromatic hydrocarbon.

Embodiment 51. The method of Embodiments 49-50, wherein the step (a) solvent is
selected from the group consisting of toluene, xylenes, and mixtures thereof.

Embodiment 52. The method of Embodiments 49-51, wherein the step (a) solvent
comprises toluene.

Embodiment 53. The method of Embodiments 49-52, wherein the first mixture is a
homogeneous solution comprising the poly(arylene ether) and the solvent.

Embodiment 54. The method of Embodiments 49-53, wherein the first mixture is a
slurry comprising the poly(arylene ether) and the solvent.

Embodiment 55. The method of Embodiments 49-54, wherein the temperature of the
first mixture is between approximately 30 °C and 100 °C.

Embodiment 56. The method of Embodiments 49-55, wherein the temperature of the
first mixture is between approximately 40 °C and 90 °C.

Embodiment 57. The method of Embodiments 49-56, wherein the temperature of the
first mixture is between approximately 50 °C and 70 °C.

Embodiment 58. The method of Embodiments 49-57, wherein the anti-solvent is
combined with the first mixture in step (a) using a stirred tank vessel or high-shear mixing
pump.

Embodiment 59. The method of Embodiments 49-58, wherein the anti-solvent
comprises a C;-Cjp aliphatic alcohol.

Embodiment 60. The method of Embodiments 49-59, wherein the anti-solvent is
selected from the group consisting of methanol, ethanol, isopropanol, methanol admixed with
water, ethanol admixed with water, and isopropanol admixed with water.

Embodiment 61. The method of Embodiments 49-60, wherein the anti-solvent is
selected from the group consisting of methanol, or methanol admixed with water.

Embodiment 62, The method of Embodiments 49-61, wherein according to
parameter (b), the impeller tip speed is 5 m/s or less.

Embodiment 63. The method of Embodiments 49-62, wherein according to

parameter (b), the impeller tip speed is 4 m/s or less.
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0 41.7 %solids in polynmer solution 20 40 20 20 40 Water in MeOH (%9 4 0 4
0 4 Met hanol /pol yner solution wt. Ratio 3 2 2 3
WO 2012/125170 PCT/US2011/029341

Embodiment 64. The method of Embodiments 49-63, wherein according to
parameter (b), the impeller tip speed is 3 m/s or less.

Embodiment 65. The method of Embodiments 49-64, wherein according to
parameter (c), the solids content of the first mixture prior to the addition of the anti-solvent is
approximately 15 percent to 45 percent by weight.

Embodiment 66. The method of Embodiments 49-65, wherein according to
parameter (c), the solids content of the first mixture prior to addition of the anti-solvent to
form the second mixture is approximately 20 percent to 40 percent by weight.

Embodiment 67. The method of Embodiments 49-66, wherein according to
parameter (c), the solids content of the first mixture is approximately 20 to 30 percent by
weight.

Embodiment 68. The method of Embodiments 49-67, wherein according to
parameter (c), the solids content of the first mixture is approximately 10 to 35 percent or less
by weight.

Embodiment 69. The method of Embodiments 49-68, wherein according to parameter
(d), the temperature of the second mixture is approximately 20 to 65 °C.

Embodiment 70. The method of Embodiments 49-69, wherein according to
parameter (d), the temperature of the second mixture is less than 60 °C.

Embodiment 71. The method of Embodiments 49-70, wherein according to
parameter (d), the temperature of the second mixture is less than 50 °C.

Embodiment 72. The method of Embodiments 49-71, wherein according to
parameter (d), the temperature wherein the temperature of the second mixture is less than 40
°C.

Embodiment 73. The method of Embodiments 49-72, wherein according to
parameter (e), the ratio of the anti-solvent to the first mixture by weight is approximately
0.75:1 to approximately 3.75:1.

Embodiment 74. The method of Embodiments 49-73, wherein according to
parameter (e), the ratio of the anti-solvent to the first mixture by weight is approximately 1:1
to 3.5:1.

Embodiment 75. The method of Embodiments 49-74, wherein according to
parameter (e), the ratio of the anti-solvent to the first mixture by weight is approximately is

1.75:1 to 3.25:1.
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3 Methanol /PPE ratio 14.4 5 9.6 15 7.2 Anti-solvent Tenp (C) 25 35 35 35 35
Precipitation mxture Tenp (C) 28.6 36.7 36.5 37.7 36.2 Inpeller tip speed
WO 2012/125170 PCT/US2011/029341

Embodiment 76. The method of Embodiments 49-75, wherein according to
parameter (e), the ratio of the anti-solvent to the first mixture by weight is approximately is
2:1t0 3:1.

Embodiment 77. The method of Embodiments 49-76, wherein according to
parameter (f), the anti-solvent comprises 0 percent to approximately 4.5 percent by weight of
water.

Embodiment 78. The method of Embodiments 49-77, wherein according to
parameter (f), the anti-solvent comprises 0 percent to approximately 3 percent by weight of
water.

Embodiment 79. The method of Embodiment 49-78, wherein according to parameter
(D), the anti-solvent comprises 0 percent to approximately 2 percent by weight of water.

Embodiment 80. The method of Embodiments 49-79, comprising two or more of the
process parameters selected from the group consisting of (b), (¢), (d), (e) and (f).

Embodiment 8§1. The method of Embodiments 49-80, comprising three or more of
the process parameters selected from the group consisting of from (b), (c), (d), (e) and (¥).

Embodiment 82. The method of Embodiments 49-81, comprising four or more of the
process parameters selected from the group consisting of (b), (¢), (d), (e) and (f).

Embodiment 83. The method of Embodiments 49-82, comprising process parameters
(b), (¢), (d), () and (f).

Embodiment 84. The method of Embodiments 49-83, wherein the step (a) further
comprises more than one process parameter selected from the group consisting of (b), (¢), (d),
(e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 4 m/s or less;

(©) providing the first mixture of step (a) with a solids content of
approximately 20 to approximately 30 percent by weight of the poly(arylene
ether) resin;

()] maintaining a temperature of the second mixture between
approximately 27 to 45 °C;

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 1:1 to 3.5:1; and

63 providing the anti-solvent comprising no more than 3 percent

water by weight;
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(ms) 5.39 5.39 5.39 5.39 5.39 %fines 17.02 21.03 20.44 25.71 12. 45 Peak
range (mcrons) 125-210 0-20 0-20 0-20 425-595 Mean particle size (mcrons)
245. 07 WO 2012/125170 PCT/US2011/029341

wherein the improved particle size characteristics include one or both of: (i) up to
about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle
size greater than 100 or more micrometers.

Embodiment 85. The method of Embodiments 49-84, wherein step (a) further
comprises more than one process parameter selected from the group consisting of (b), (c),
(d), (e) and (f):

(b) agitating the second mixture with a shear force generating
device at an impeller tip speed of 3 m/s or less;

(©) providing the first mixture of step (a) with a solids content of
approximately 20 to approximately 40 percent by weight of the poly(arylene
ether) resin;

()] maintaining a temperature of the second mixture less than 40
°C:

(e) providing a ratio of the anti-solvent to the first mixture by
weight of approximately 1.75:1 to 3.25:1; and

63 providing the anti-solvent comprising no more than 2 percent
water by weight;

wherein the improved particle size characteristics include one or both of: (i) up to
about 50 weight percent of particles smaller than 38 micrometers; and a (ii) mean particle
size greater than 100 or more micrometers.

Embodiment 86. The method of Embodiments 49-85, wherein the improved particle
size characteristics include up to approximately 40 weight percent of particles smaller than 38
micrometers.

Embodiment 87. The method of Embodiments 49-86, wherein the improved particle
size characteristics include a mean particle size of greater than 150 micrometers.

Embodiment 88. The method of Embodiments 49-87, wherein the improved particle
size characteristics include up to approximately 30 weight percent of particles smaller than 38
micrometers.

Embodiment 89. The method of Embodiments 49-88, the improved particle size
characteristics include a mean particle size of greater than 175 micrometers.

Embodiment 90. The method of Embodiments 49-89, wherein the improved particle
size characteristics include up to approximately 20 weight percent of particles smaller than 38

micrometers.
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239. 69 232.49 185.6 307.31 [0124] Table 2 provides the average of the
percentage fines and the nean particle dianmeter in the precipitated powder
at the diwbepemtspar aneters studied for Table 1 groupedPatasediloge3td
anti-solvent tenperature. It is the average of the isolated paraneters
where the average for 25 Cis the average val ue of the output for exanples
1-4 and 10-13 (anti-solvent tenperature is 25 C) and the average val ue for

35 C is the avgha@feN ) 1UanOinetHdg oPHIBOimbAL 4698 MBS Bre dnpldedfhrdde Tabl e
2. Average Percentage fine at Different Paraneters Studied in Table
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particle di anph@nqibilh@20A%d nféftol of Rh¥ERMed€3P.0f Ghefetn it iftprotlr 13 EX. 5-8,
14-17 25 16. 14 321.2

poly(arylene ether) comprises polyphenylene ether.

Embodiment 93. The method of Embodiments 49-92, further comprising the step of
forming the poly(arylene ether) of step (a) by oxidatively coupling a monomer comprising a
monohydric phenol using an oxygen containing gas and a complex metal catalyst in a solvent
to produce the poly(arylene ether) resin as a mixture in the solvent.

Embodiment 94. The method of Embodiments 49-93, further comprising the step of
isolating the poly(arylene ether) with improved particle size characteristics.

[0117] The following examples illustrate but do not limit the invention. Any

references cited herein are incorporated by reference in their entirety.

EXAMPLES

[0118] Poly(arylene ethers) with less fines can be prepared from the separated solid
particles that are collected after the work-up of the polymerization reaction, or from the
intermediated polymer solution as the starting material. In either event, the poly(arylene
ether) is dissolved in an aromatic hydrocarbon solvent such as toluene or the like to make a
polymer solution of specified solid content. The polymer solution is then combined with an
anti-solvent in a precipitation vessel at a constant flow rate and the precipitating mixture is
constantly agitated. The anti-solvent is an aliphatic alcohol such as methanol or the like,

optionally admixed with water.

MATERIAL CHARACTERIZATION:

[0119] The raw polyphenylene powder sample that is used for the precipitation
studies is analyzed in the Sympatec laser diffraction sensor (Model: HELOS/KR). Particles
that are 38 microns or less in size accounted for 68 wt% of the total powder. The weight
percent of particles of 38 microns or less in size is reported as percent fines. The particle size
range, which had the maximum amount of particles, was 0-20 microns and the mean particle
size was 84.38 microns. Compressibility was calculated (29.5) from the apparent bulk density
(ABD) and packed bulk density (PBD) using equation 1 and a powder flowability number
(N) calculated using equation 2 (valid for 5 < C < 26) and equation 3 (valid for 26 < C < 46)
was 45.5

34



35 16.55 263.8 Inpeller tip speed (ms) Ex. 1-8 Ex.10-17 2.51 13.59 306.3
5.39 19.10 278.7 % Polyner in solution Ex. 1, 3, 5, 8, 11, 13, 15-16 Ex.. 2,

4, 6, 7, WO 202125174, 17 20 17.76 265.8 40 14.93 PCT/US2011/029341
C= 100 (PBD - ABD) Eq. 1
PBD
N=-211*C+111.46 Eq. 2
N=0.078 * C*~8.29 * C +222.2 Eq. 3
EXAMPLE 1:

[0120] A polymer solution of polyphenylene ether in toluene (C;Hg) was prepared by
addition of 104.2 g of polyphenylene ether to 416.7 g (20 percent solids) at 70 °C with
constant agitation till the powder was completely dissolved in the solution. The polymer
solution was subsequently added to a mixture of methanol (CH30OH, 1000 g) and water (H,0,
41.7 g) at 25 °C in about 4-5 minutes with constant agitation in a precipitation tank with 4
baffles at 700 rpm (corresponding to an impeller tip speed of 2.51 ,m/s) using a 4-pitched
blade with an impeller diameter of 6.8 cm and impeller diameter to tank diameter ratio of
0.44. The resulting mixture at 29.4 °C was agitated for 15 additional minutes and then
filtered. The filtered powder was left for drying for 24 hours and then put in an oven at 105
°C and 20 mm Hg vacuum for 4 hours. The dried powder was analyzed using a Sympatec
laser diffraction sensor. Particles with sizes less than 38 microns accounted for 19.81 weight
percent of the total powder. The particle size range, which had the maximum amount of
particles, was 125-210 microns and the calculated mean particle size was 195.01 microns.

[0121] The density and viscosity was estimated based on the temperature and
composition of the mixture. The Reynolds number (Re) as calculated to be 5.3* 10° using the
equation 4.

D2 % N % p
= T

Re Eq. 4
where, D is the diameter of the impeller, N is the number of revolutions, p is the density
and u is the viscosity.
[0122] The power (P) transmitted by the impeller shaft was calculated using equation

5 and the corresponding power transmitted per unit volume was 2.9% 10® Watt/m”’,

b N, *pEN D]
g

Eq. 5

where, N, is the power number = 1.27 for the impeller used and g is the gravitational
conversion factor.
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319.2 Ratio of anti-solvent to polyner solution Ex. 1-2, 5-6, 10-11, 14-15
Ex. 3-4, 7-8, 12-13, 16-17 2 17.30 296.7 3 15.39 288.3 Water in

anti - sol weot2o(9pseEm. 2, 3, 5, 7, 11, 12, 14, 16 Ex. 1, 2CTAS2@,1/019341 13, 15,
17 0 16.61 310.9 4 16.08 274.1

EXAMPLE 1-17:

[0123] Examples 1 to 17 demonstrate the trends in the effect of agitator tip speed
during precipitation, anti-solvent temperature, amount of solids in the polymer solution
before precipitation, ratio of anti-solvent to the polymer solution and amount of water in the
anti-solvent mixture. The material charge, dissolving temperature of polymer solution, anti-
solvent temperature, the temperature of the precipitating mixture upon addition of the
polymer solution and the speed of agitation is specified in Tables 1(a)-(c) and the
precipitation procedure from Example 1 was followed. The range of Reynolds number for
Examples 1 to 17 was 5.1%10° to 1.3*107 and the range of the power dissipated per unit
volume was 2.8*10° to 3.3%10” Watt/nr’.

Table 1(a). Effect of Material Charges and Precipitation Conditions on Precipitated Powder
Characteristics (Examples 1-6).

Example No. 1 2 3 4 5 6

PPE (g) 104.2 200 66.7 138.9 100 208.3
Toluene (g) 416.7 300 266.7 208.3 400 312.5

Methanol (g) 1000 1000 1000 1000 1000 1000
Water (g) 41.7 0 0 41.7 0 41.7
% solids in 20 40 20 40 20 40
polymer solution
Water in MeOH 4 0 0 4 0 4
(%)
Methanol/polymer 2 2 3 3 2 2
solution wt. Ratio
Methanol/PPE ratio 9.6 5 15 7.2 10 4.8
Anti-solvent Temp 25 25 25 25 35 35
O
Precipitation 294 30.6 29.6 28.6 37.8 38
mixture Temp (°C)
Impeller tip speed 2.51 2.51 2.51 2.51 2.51 2.51
(m/s)

% fines 19.81 12.4 10.97 12.8 13.18 13.65
Peak range 125-210 | 425-595 | 125-210 | 425-595 | 125-210 | 425-595
(microns)

Mean particle size 195.01 399.85 | 404.29 | 305.76 326.7 285.41
(microns)
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469.8 476.5 256.9 Methanol (g) 544.7 544.7 793.8 544.7 903.8 Water (g) 11.1
11.1 16.2 11.1 18.1 %solids in polyner solution 13 13 13 40 40

WO 2012/125170 PCT/US2011/029341

Table 1(c). Effect of Material Charges and Precipitation Conditions on Precipitated Powder
Characteristics (Examples 13-17).

Example No. 13 14 15 16 17
PPE (g) 69.4 200 104.2 66.7 138.9
Toluene (g) 277.8 300 416.7 266.7 208.3
Methanol (g) 1000 1000 1000 1000 1000
Water (g) 41.7 0 41.7 0 41.7
% solids in 20 40 20 20 40
polymer solution
Water in MeOH 4 0 4 0 4
(%)
Methanol/polymer 3 2 2 3 3
solution wt. Ratio
Methanol/PPE ratio 14.4 5 9.6 15 7.2
Anti-solvent Temp 25 35 35 35 35
O
Precipitation 28.6 36.7 36.5 37.7 36.2
mixture Temp (°C)
Impeller tip speed 5.39 5.39 5.39 5.39 5.39
(m/s)
% fines 17.02 21.03 20.44 25.71 12.45
Peak range 125-210 0-20 0-20 0-20 425-595
(microns)
Mean particle size 245.07 239.69 | 232.49 185.6 307.31
(microns)

[0124] Table 2 provides the average of the percentage fines and the mean particle

diameter in the precipitated powder at the different parameters studied for Table 1 grouped
according to anti-solvent temperature. It is the average of the isolated parameters where the
average for 25 °C is the average value of the output for examples 1-4 and 10-13 (anti-solvent

temperature is 25 °C) and the average value for 35 °C is the average value of the output for

examples 5-8 and 14-17.
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in MOH (%9 2 2 2 2 2 Methanol /polyner solution wt. Ratio 0.7 0.7 1.5

0.7 2.11 Methanol /PPE ratio 5.3 5.3 11.3 1.7 5.3 Anti-solvent Tenp (C) 50
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Table 2. Average Percentage fine at Different Parameters Studied in Table 1(a)-(c)
(Examples 1-17).

Average % fine| Average of Mean

particles particle diameter
(microns)
Anti-solvent Temp (°C)
Ex. 1-4, 10-13 25 16.14 321.2
Ex. 5-8, 14-17 35 16.55 263.8
Impeller tip speed (m/s)
Ex. 1-8 2.51 13.59 306.3
Ex.10-17 5.39 19.10 278.7
% Polymer in solution
Ex. 1,3,5,8,11, 13, 15-16 20 17.76 265.8
Ex.2,4,6,7,10,12, 14, 17 40 14.93 319.2
Ratio of anti-solvent to polymer solution
Ex. 1-2, 5-6, 10-11, 14-15 2 17.30 296.7
Ex. 3-4,7-8, 12-13, 16-17 3 15.39 288.3
Water in anti-solvent (%)
Ex.2,3,5,7,11,12, 14, 16 0 16.61 310.9
Ex. 1,4,6,8, 10, 13, 15, 17 4 16.08 274.1

[0125] Based on the results, a lower anti-solvent temperature (25 °C versus 35 °C)
gives a lower percentage of fine particle content and a larger average particle size. Slower
agitation speeds (2.51 m/s versus 5.39 m/s) give a lower percentage of fine particle content.
A higher percent polymer in solution (40 percent versus 20 percent) leads to lower percentage
of fines and bigger average size of particles in the precipitated powder. An increase in the
ratio of anti-solvent to polymer solution (3:1 versus 2:1) also leads to lower percentage of
fines and bigger average size of particles in the precipitated powder. An increase in the water
content in the anti-solvent does not change the percentage of fines in the powder significantly

but reduces the mean particle size.

EXAMPLE 18-22:

[0126] Examples 18-22 demonstrate the individual effect of precipitation
temperature, concentration of polyphenylene ether in organic solvent, ratio of the anti-solvent
to polyphenylene ether solution and ratio of the anti-solvent to polyphenylene ether itself on
the particle size of the precipitated polymer. The material charge, dissolving temperature,
anti-solvent temperature, temperature of the precipitating mixture, and the speed of agitation

are specified in Table 3 and the procedure in Example 1 was followed. The impeller
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50 50 50 Precipitation m xture Tenp (C) 50.7 34.1 52.4 52.3 51.3 Inpeller
tip Speed (m's) 3.95 3.95 3.95 3.95 3.95 % fines 14.24 6.91 10.66 18.21
7.88 WO 2012/125170 PCT/US2011/029341

rotational speed is kept constant at 1100 rpm resulting in a constant tip speed of 3.91 m/s
(impeller diameter = 6.8 cm). Also, the energy input per unit mass is kept constant by
keeping the total quantity of polyphenylene ether, toluene, methanol and water constant at
1350 g for all the examples. The amount of water in methanol is kept constant at 2%. The
range of Reynolds number for example 1 to 22 was 5.1% 10° to 1.3*10” and the range of the

power dissipated per unit volume was 2.8%10° to 3.3*10° Watt/m”.

Table 3. Effect of Material Charges and Precipitation Conditions on Precipitated Powder
Characteristics (Examples 18-22).

Example No. 18 19 20 21 22
PPE (g) 103.2 103.2 70.2 317.6 171.3
Toluene (g) 690.9 690.9 469.8 476.5 256.9
Methanol (g) 544.7 544.7 793.8 544.7 903.8
Water (g) 11.1 11.1 16.2 11.1 18.1
% solids in polymer 13 13 13 40 40
solution
Water in MeOH (%) 2 2 2 2 2
Methanol/polymer 0.7 0.7 1.5 0.7 2.11
solution wt. Ratio
Methanol/PPE ratio 5.3 5.3 11.3 1.7 5.3
Anti-solvent Temp (°C) 50 30 50 50 50
Precipitation mixture 50.7 34.1 524 52.3 51.3
Temp (°C)
Impeller tip Speed (m/s) 3.95 3.95 3.95 3.95 3.95
% fines 14.24 6.91 10.66 18.21 7.88
Peak range (microns) 125-210 125-210 | 125-210 | 0-20 125-210
Mean particle size 166.0 185.08 236 164.5 256.6
(microns)
Flowability 79.6 93.7

[0127] In Table 3, between Example 18 and Example 22, the impeller tip speed (3.95
m/s) and the percent water in methanol (2 percent by weight) are held constant. The results
indicate that reducing the precipitation temperature, as in Example 19 compared to Example
18, reduces the percent fine particles. When the anti-solvent to polymer solution ratio is
increased from 0.7 (Example 18) to 1.5 (Example 20) and to 2.11 (Example 22), the percent
fine particles is reduced and the mean particle size increases. Increasing the percent solids in
the polymer solution before precipitation from 13 percent (Example 18) to 40 percent
(Example 22) leads to a lower percentage of fine particles and an increase in particle size. At
the same time, when the methanol to polymer ratio drops to 1.7 in Example 21, the percent

fines increases relative to 22, where the ratio is 5.3, respectively.
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Peak range (mcrons) 125-210 125-210 125-210 0-20 125-210 Mean particle
size (mcrons) 166.0 185.08 236 164.5 256.6 Flowability 79.6 93.7

[0127] | rwOabi2128170bet ween Exanpl e 18 and Exanpl e 22, tireTiusp@liloes34ti p
speed (3.95 m's) and the percent water in methanol (2 percent by weight)
are held constant. The results indicate that reducing the precipitation
tenperature, as in Exanple 19 conpared to Exanple 18, reduces the percent

fine particl eﬁnzg‘y'\hﬁmb oiaftd eﬁmnwﬁpgeeh@e&%emﬁrsofﬁeah&&1 E@bi O s
increased fromO0.7 (Ex R%rrpllg f8) to 5 (Exanpl e 20) anld%{]\g )2611 (Exanpl e

22), the llﬁéﬁré@wanﬂﬁﬁ@%ﬁaﬁ@wn&e&%leaéaméern%ﬁﬂartdﬁg el veRsen hes beej ze

I ncreas e%leschﬁ&f SR RGedd %1oﬁ§%§c1ﬁ9hﬁ19§dlﬁl&lt£ R AR, 18RYH4L gn before
precipitation from 13 percent 8) to 40 percent (Exanple 22) |eads

to a | owshoylébendcrtped drat mramevq@amm@h@mdﬁldatms imag beasde Whilpameingige si ze.
At the s ilf[ %gg%nma@c&p?%f [ﬁ%tuh%ﬂ@(ln tlpwﬁpdeyolg@mu{ %to'ng Sggk(?l V\El tflé)arg‘ th in

Exarrple ercent i nes increases relative e ratio i s
5.3, res pb@tgbs/zejdynodiﬁcatlons may be practiced within the scope of the appended clalms

Therefore, it is to be understood that the above description is intended to be illustrative and
not restrictive. The scope of the invention should, therefore, be determined not with reference
to the above description, but should instead be determined with reference to the following
appended claims, along with the full scope of equivalents to which such claims are entitled.
All patents, patent applications and publications cited in this application are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each

individual patent, patent application or publication were so individually denoted.
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[0128] The foregoing invention has been described in some detail by way of
illustration and exanple, for purposes of clarity and understandi ng. The

i nvent i orwbasihesrrodescri bed with reference to vari ous ®p@Edaiskeig/oeshodi nent s
and techni ques. However, it should be understood that many variations and
nodi fications may be made while remaining within the spirit and scope of
the invention. It will be obvious to one of skill in the art that changes
and nodi fdigghions may be practiced within the scope of the appended clains
Therefore, it is to be understood that the above description is intended to
be illustratiVe andndroddamrrodusingpnaolyfHrleneeips) with ppoyedpaRiciesieshoul d,
therefor%hargge&ggsem@nq@%d%tnpmlh e§fefence to the above description, but
shoul d i nstead be determined wth reference to the foll ow ng appended

clai ms, al ong wi®hconkeningi firssmoyere epmpsipin sy abelitasylens eishend g selkient vathms ar e
entitled. Al pat 1N Shii-sBREAND (GRA! S S@Td'n%@re%ﬂl B%%th%%pllvgﬂsthgbﬁtfad in this
application are hereby mcorporateg y reference in their entirety for all
purposes to the sasrm/eeb(tmhthea@ytafyleacaﬁler)ndnd/l dual patent pat ent
?g?l Ip:‘:gfjl,lgllerr%n sttpp (g} fu{ clorrllllp\ﬂlseerst%ltlosrg Shlari? glltle#rg(%gl %a\farrde?% aele &ec} fromphe rm;'
char actercbssﬁstmgpf(tbbte(c)net)l'(erlarﬂcmpr| sing the step of: (a) conbl n| ng a first

m xture conpri Si ne et he nd.a sol vent th an anti-sol vent
to forma seconé&%‘ri"g%f‘ﬁrtge%‘(c r?%‘? P‘H&et’v @t%‘)ﬁ‘t‘egetlﬂéﬂ CWVIC% {4Pent, and the
pol y(aryl ene et herihipeAsrdipwhesieif 8 ngt &pedsa) further conprises nore than one
process paraneter_ sel cted romthe gr nsi t| ng of (b), (c), (d), (e)
and (f): (b) agi'PaR™PH m@ﬁ? t(fB‘ﬁHHen‘?%f R@W fsofd t?fgﬁpé’e’xé%#e}‘ ating
device at an inpel |gp a pt?]@m&m&ﬁ}dsm@er&nm}swagmloeae,po(y@rypﬁ@ath@j R@nt he first

m xture of step C(la with a solids content of approximtely 10

appr oxi mat el y 50UHBHRERNA/ CRRIYHE BiherRengayesd) Iete Qtlﬁ\étl)th%néé‘? n; (d)

mai ntai ning a tenp[edlﬁtgtgoentg{:thgget@@p&pd mxture at |east 5 C |ower than the
boi ling point of the anti-solvent; (efmﬂrow ding a ratio of the
anti-solvent to <@)h@071rlmgtar%ﬁ%fmlteeant;;ﬁo (ghthedrrstappreIyraigtyio. 5: 1 to
approxi mately 4: 11ap%ﬂﬁnﬁitélyBrsolvdo%ﬁgmhﬁ%‘elﬁﬂltﬂan%0| vent conprising no nore
than 5 percent water by wei ght; and wherein the inproved particle size
characteri sti cs Hnebudas thm@tlfsplvbmtchmpmmg 19 moys than SHtvecent B@entwi vghghtper cent
of particles smallgr, than 38 mcroneters; and a (ii) mean particle size
greater than 100 or nore mcroneters. 2. The nethod of claim1, wherein the
step (a) veweleiretht irgompadi mﬁﬂ;le@i@@hm&mﬁowmﬁud%hmd poleln bio ) uBtolbeutt®t hod of
claim 2, whreln h a IS selecte rom:t ou conS|st|ng
of tol uene,® reer{%sﬁpaghc Sr?tgnx%‘(ﬂrﬁgs hnelfré) 4 anﬁ] H%r%%%aalﬂﬁe%]z 1%a§r, wher ein
t he steptlﬁaa)loepfmeretmlcm)mtdrses t ol uene. 5 The nethod of claim1, wherein

the first m xture nequs soI i on ri sing .the paly(arylene
ether) and thé sol rff‘etg‘g&%g“ ‘HgtWB‘HGIBF ecslteé}(ﬁ% VeWtcé)P’g’FﬁeStaﬁg' Brst mxture
i s a sl unfymdiompdiosdrigr. pol y(aryl ene et her) and the sol vent

A net hod

3. The method of claim 2, wherein the step (a) solvent is selected from the group
consisting of toluene, xylenes, and mixtures thereof.

4. The method of claim 3, wherein the step (a) solvent comprises toluene.

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

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

7. The method of claim 1, wherein the temperature of the first mixture in step (a)
is between approximately 30 °C and 100 °C.

8. The method of claim 7, wherein the temperature of the first mixture in step (a)

is between approximately 40 °C and 90 °C.
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7. The nmethod of claim1l, wherein the tenperature of the first mxture in
step (a) is between approximtely 30 C and 100 C. 8. The nethod of claim?7,
wher ei n twe 2bevmer7at ure of the first mxture in step (aPpPCrashetnesal
approximately 40 C and 90 C. WO 2012/ 125170PCT/ US2011/ 029341 9. The
met hod of claim8, wherein the tenperature of the first mxture in step (a)
is between approximately 50 C and 70 C. 10. The nethod of claiml,

wherein the apti-spleiBthod oF B8R, {Adrein SheORNPdrMELR df/itﬁehﬁr&thﬁxa‘uwﬁtstegi@?t ure
using a stirred tank vessel or high-shear m xing punp. 11. The
met hod ofis keteeamapprowetedy ) thandai®k - sol vent conprises a C1-Cl10 aliphatic

al cohol . 10. 121helNEnSESREN Af wﬁér};@ih@ﬂéanti‘-’é’@ﬁ@ﬁieifti‘ ﬁ%ﬁ"@al) Abhibfh WeRt 1S

sel ected fromthe group consisting of nethanol, anol, 1sopropanol,
met hanol tadinistapidtun vsnasattiated task essel|or AghisResd nakingpyar-er, and i sopr opanol

adm xed wi th !\@t erThe metléodf ofjcisa‘im-lih%hé}?ﬁl%danﬁfsoﬁlkﬂiCmné?se\é\n/g?’ﬁfﬁlg%ﬂpﬂgtm

anti-solvent is selecte romthe group consisting ano r met hanol
adm xed widoholwat er . 14. The nmethod of any of clains 1-13, wherein

according to rangter (b he .i mpel l er ti.p ed Is m.s.or | ess.
T e S e
i npel | er congistiapetaethgnod, erhfagolowopremsol, methanol adixed hvith Reatdnethanbl adhdve 15,

wherein accordi ng to parameter (b the inmpeller tip speed is 3 nis or

| ess. with wafd, H%Opﬁ@?ﬁ(%a%fxeéﬂ)§th8‘fateé'l aims 1-13, wherein according to
par anmet er (c) 13.t heTisahéthsl @emi@nt whdreih i dntirsdlveixieldced BifonDthe g@up he
addition of . the gnt' -s?l vent is %glf)rgxi. tely 15 percent to 45 percent by
wei ght . consisting pgmeppnol, ar methanoladifxed yivaleriar o n accordi ng to paramet er

(c), the solids comeanéhf oftaig of dikisk 103X vhEBinAEiRding @ Rddididran, @k t he
anti-solvent to formthe second m xture is approxi mtely 20 percent to 40
percent BYPSAKT gpgpeed is S m/s o lgss. The net hod of claim 17, wherein according to

parameter (c)jsthergahd@s mmﬁnn,o Werdif 8ccbbdifdt o Phrahidic® () ShéRiyeRXidpat el y 20

to 30 percent by weight. 20. The nethod of claim 17, wherein

accor di ngreed iphParastes. (c), the solids content of the first mixture is

appr oxi mat ,el Y140 t'?heelﬁetﬂ(?cf (ﬁ%ﬂfimqg, \!i/&?én Qé/comg@m?)arameter (b), tﬁél-imp-gh@r tfﬁEt hod of
any of clainms 1-13, wherein according to paraneter (d), the tenperature of

t he seconpeediixd rseoriless.approxi mately 20 to 65 C. 22. The met hod of
claim 21, wheqein ACGOLMNG 49 PALATELE! whildin b QFaih SIREFAH ), the

solids content of the first mixture prior to the addition of the anti-solvent is approximately 15
percent to 45 percent by weight.

18. The method of claim 17, wherein according to parameter (c), the solids
content of the first mixture prior to addition of the anti-solvent to form the second mixture is
approximately 20 percent to 40 percent by weight.

19. The method of claim 17, wherein according to parameter (c), the solids
content of the first mixture is approximately 20 to 30 percent by weight.

20. The method of claim 17, wherein according to parameter (c), the solids
content of the first mixture is approximately 10 to 35 percent or less by weight.

21. The method of any of claims 1-13, wherein according to parameter (d), the
temperature of the second mixture is approximately 20 to 65 °C.

22. The method of claim 21, wherein according to parameter (d), the temperature
of the second mixture is less than 60 °C.

23. The method of claim 21, wherein according to parameter (d), the temperature

of the second mixture is less than 50 °C.

43



of the second m xture is |less than 60 C 23. The nethod of claim 21,
wherein according to paraneter (d), the tenperature of the second m xture
is |less tWwarroB0268170 WO 2012/ 125170PCT/ US2011/ 029341 24. Phe/usetihoeb3af cl ai m
21, wherein according to paraneter (d), the tenperature of the second

m xture is less than 40 C. 25. The nethod of any of clains 1-13, wherein
according to paraneter (e), the ratio of the anti-solvent to the first

m xture by webght 1% ARREONI LN YiwiRrddR adeotd@nABPRAN RIS Me BmpSratire 26. The
met hod of claim 25, wherein according to paraneter (e), the ratio of the

ant i - sol WEHE seeone RExprersiessina k'€ by wei ght is approximately 1:1 to 3.5:1.
27. The met hodoof - cd ke oIS LEUR RGB! Rh8Gint e PR BIn&)e) hBE ratio of
the anti-solvent to the first  mxture by weight is approximately is 1.75:1
t o 3. 25: 1atio of the anpigolphet tortheHigyl wixtuse by weiRhy is ednepreinatelydebrdiong t o par anet er

(e), the L: anti-solvent to the first mxture by weight is
appr oxi ma @f)%l%}a%flyzéf'?ﬁ%b 3:1. 29.The nethod of any of claims 1-13, wherein

accordi ng to par amBicancthdd of cldme 2arnwhergohecentingtopprinses (), thergenf the o

approxi mat el y. 4. er.cent by wei ght. of wate . 30. The nethod of claim
257" wher anr iR PR T Bt ahSe Bt e Ao BB antA ¥ Tent conpri ses o
percent to appr.oxi Tt medtioBofptiin il wikyeinetghlingab paatneter (e3.kheltago nethbod of

oLl 29,4 RE68 S 0810 RAFTE Sl sl 491 et compr s 0
of clains 1-138. comh&hdDofichidmas, witsir€n adcotding tppafeser (e), the ratio of the
anti-solvent to the first mixture by weight is approximately is 2:1 to 3:1.
29. The method of any of claims 1-13, wherein according to parameter (f), the
anti-solvent comprises () percent to approximately 4.5 percent by weight of water.
30. The method of claim 29, wherein according to parameter (f), the anti-solvent
comprises () percent to approximately 3 percent by weight of water.
31. The method of claim 29, wherein according to parameter (f), the anti-solvent
comprises () percent to approximately 2 percent by weight of water.
32. The method of any of claims 1-13, comprising two or more of the process
parameters selected from the group consisting of (b), (c), (d), (e) and (f).
33. The method of any of claims 1-13, comprising three or more of the process
parameters selected from the group consisting of from (b), (c), (d), (e) and (f).
34, The method of any of claims 1-13, comprising four or more of the process
parameters selected from the group consisting of (b), (c), (d), (e) and (f).
35. The method of any of claims 1-13, comprising process parameters (b), (c), (d),
(e) and ().
36. The method of any of claims 1-13, further comprising more than one process
parameter selected from the group consisting of (b), (c), (d), (e) and (f):
(b) agitating the second mixture with a shear force generating device at an
impeller tip speed of 4 m/s or less;
(¢) providing the first mixture of step (a) with a solids content of approximately
20 to approximately 30 percent by weight of the poly(arylene ether) resin;
(d) maintaining a temperature of the second mixture between approximately 27 to

45 °C;
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paranmeters selected fromthe group consisting of (b), (c), (d), (e) and
(f). 33.The nmethod of any of clains 1-13, conprising three or nore of the
process paoanefessosel ected fromthe group consisting ofPCrrusaio?934(c),
(d), (e) and (f). 34. The method of any of clains 1-13, conprising
four or nore of the process paraneters selected fromthe group consisting
of (b), (c), (d), (e) and (f). 35.The nethod of any of clainms 1-13,

conpri sing pr ocezé)spreaaﬁgﬁtrﬁrosof(tmanu(sebvent(tgl)he ﬁ(rﬁ)ml@tuﬂ: Hyfweight6f The met hod of
any of clainms 1-13, further conpri si (? rmre t han one process paraneter
(b)

sel ected fromthe wm}ﬁn@@ﬁéﬂs@ﬁrﬁgl 8n (c), (d), (e) and (f): (b)
agi tating the sgf VIH}néftﬁéf a%u‘@bfvﬁnt%o&?ﬁé}ﬁg hPRER t%@%e%ehmatgeay WEgil an

inpeller tip spee ms or |ess providing the first mxture of
step (a) whietehn &e srowrptd@ ragivlcemte chiragipintioxinputlepne Ozbotﬁl@f dpprex et & y 30

percent %IMP&Q%M 85% fHaMérEfﬁaXll %%m%hﬁ?e"n) aﬁc?é Féarggle &Eé‘g@h@g a (e)

tenperature o m Xt ure ‘bet ween apprOX|
provi di nghaa 1|06Drm0®fmmmemn$i -soI vent to the first m xture by wei ght of

appr oxi mat el Y3 ov.i di n he ant i -sol vent
conprising no Fr}mr e ehInet (§]10ng %Of ?lalﬁl/gtlelé Bmilel)co% Saher etl}laln he rocessr oved
parti cl e patametet heddcacitfemi mblgmplcmshsudgombe (or (dhx((é)hmdf(f) (i) upto about 50

wei ght percent rtic ) II n croneters: and a (ii) mean
particle size g?@a{)ggt?ml%t ﬁsef@gEBV té}ﬁ S@‘?‘B EeecTaupg depise gdth g of any of
clainms 1-13, furt h@ipel@nprshsddrg3nws er lkdan one process par ameter selected
fromthe group caonsistin nd b itating the
second ni xture WYH° d’é‘ﬁg&rfflrft&%@reg%f)ﬁgﬁpéfc‘p‘?‘fﬁl %@8%%9“&1“ r?ﬂ?é%g‘? Y i p
speed of 3 m's or 2ESSPProLIMaRIPM Shird@t Bheeibhtlos theFok{ dyendth@) RFn{ @) With a

solids content of approximately 20 to approximately 40 percent by weight of
t he pol y(aryl endVepainineestepplregye ol eeindinigue les e @t Ure of the second

m xture less thap ﬁ@w@lng(a@au@n{fwe! mlrsglvamrt@tﬂequgfm&thf'e bgmélglﬁ gfvent to the
first mxture by weig |qgroxwrate 1.75:1 to 1; and

(f) providing the mrqm@wlvé ldoApPilsiy no nore than 2 percent water by
vei ght; wherein fheol; Eg%eﬂu%@fv%ﬁt(‘cbﬁ pidi n&ﬁ@fqunezrﬂe&teh%atéﬂﬁ/l\b@ tone or

both of: (i) uptoaou wei ght percent of particles small ér than 38
mi cr onet evhsreimthd inaprovdd)parislersiggahaipgbestiss meludy enstas bothtedr{l) LYo aroundft e

m cromet %&e%ght percent of particles smaller than 38 micrometers; and a (ii) mean particle size greater
than 100 or more micrometers.

38. The method of any of claims 1-13, wherein the improved particle size
characteristics include up to approximately 40 weight percent of particles smaller than 38
micrometers.

39. The method of any of claims 1-13, wherein the improved particle size
characteristics include a mean particle size of greater than 150 micrometers.

40. The method of any of claims 1-13, wherein the improved particle size
characteristics include up to approximately 30 weight percent of particles smaller than 38
micrometers.

41. The method of any of claims 1-13, the particle size characteristics include a
mean particle size of greater than 175 micrometers.

42. The method of any of claims 1-13, wherein the improved particle size
characteristics include up to approximately 20 weight percent of particles smaller than 38
micrometers.

43. The method of any of claims 1-13, wherein the improved particle size

characteristics include a mean particle size of greater than 200 micrometers.
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38. The net hod of any of clains 1-13, wherein the inproved particle size
characteristics include up to approxi mately 40 wei ght percent of particles
smal | er twearro®Bi2ni7er omet ers. 39. The net hod of any of cl @CwS26118293wher ei n
the inmproved particle size characteristics include a nean particle size of
greater than 150 m croneters. 40. The nmet hod of any of clainms 1-13,
wherein the inproved particle size characteristics include up to

appr oxi mat el y 480 V‘ﬂieﬂhéth&%ﬁﬁ?%f QhinRAL 13 Gh&SinSBIJIR hiryleRABMST cothsseet er s.
41. The method of any of clains 1-13, the particle size characteristics

i ncl ude ®OWEBHYSA? ¢PRt e size of great er than 175 nmicroneters. 42. The nethod
of any of clayss 1Tﬂe%nem(s}%ﬁhgofasnfsmrsome&%&%hghgth@sés of RARAGIRS i Sti cs
i ncl ude up to approxi mat el ercent o articles snmall'er than 38
m cr onet @ely. (ayBnTpdenret mm(abby @m%@ﬁly @Dmlm allelsmeww@m@ﬁmg # onplnggriov ed

200 m o Gt £ SIS E LB B B BT OB RS B SYEE L pER O ™"

any of chknpnb&&WmB¢dhh@ﬁmmnmahempmhydamyWQMe ether) conprises pol yphenyl ene
et her. . The 1- 13 furth o riging the
step of form %63 th@lepng%m?& 8§%¥e %rtgsrcomﬁn %H‘ﬁsegffﬁolt@%%
coupllngpawanﬂemsnmﬁbwmhnmnm@d@mMDmehydhnmx@heaoI u5|ng an oxygen

cont ai ni ng gas.and, a | ex tal catal yst | vent to uce the
pol y(aryl ene %? her?pf)]ec%'g]iqeﬁ]ygge %E?HCQF’BPﬂng %p?lﬁ(lg %F\?&’ﬂ T4 phenyidh 91 ’?’he met hod
of any ofwheteai mspdlyﬁl&nyréwéthmrcommﬁpﬁ insiengderited sbep rﬁﬂrphosla&abmmgmghe
poly(aryl enge et Wth i artic Si z aracteri |cs

A pol yphéﬁ%yétngn‘gﬁ é el%tf%eﬂo aatp%‘l%/?gztﬁ%l’%}?fﬁﬁflﬂ?fei eﬁ“’ﬁ Aylee et her)
wher ei N e IO iy Bhenpb@rse validhe perein behanscl@ siiletandBr hiv@theldr Bhda (ii)

nmor phol i ne-contai ni ng catal yst, wherein the particle size characteristics
of the pélil%ﬁéfﬁ@rséﬁ@g@@tﬁ{eﬁham H T eoT& REETORCESt h of © (i) up to about 50
wei ght percentgof Rap ?Hén?l%n@éfﬁérlc%ﬁlpﬁﬂﬁg'a B8y M CdiRRBY £ 54phé’r2/%n@ efhef)) mean
particle size greater than 100 or nore m croneters.
pol yphenythseén ¢ Relyphearipnd dhards sty cea increomjerl divhengyenope exvlues her ),
wher ei n therdaPhy BAEOYK 'sf%@@ha‘?&c*fb%sués%f%%%ﬂ?héi {e¥ie Eh&EnQlidd JHEQF PRR BE: €F)
di phenoqui none reési dues, wherein the particle size characteristics of the
pol yphenypéneboat Heweighipetedet cdnertioles froller bin 3§ injcrempeters; aabeoul) B&nwei ght
per cent famgﬁr Lie%e%%bmllb@& 4dan;d8na.grometers; and a (ii) mean particle

size gre ter t nore m croneters.

46



