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Polymeric data storage media have been employed in areas such as compact disks
(CD) and recordable or re-writable compact discs (e.g., CD-RW), and similar
relatively low areal density devices, e.g. less than about 1 Gbits/in?, which are
typically read-through devices requiring the employment of a good optical quality

substrate having low birefringence.

Unlike the CD, storage media having high areal density capabilities, typically up to or
greater than about 5 Gbits/in?, employ first surface or near field read/write techniques
in order to increase the areal density. For such storage media, although the optical
quality of the substrate is not relevant, the physical and mechanical properties of the
substrate become increasingly important. For high areal density applications,
including first surface applications, the surface quality of the storage media can affect

the accuracy of the reading device, the ability to store data, and replication qualities of

the substrate.



necessary to satisfy the increasingly exacting requirenents for data
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material substantially free of visible particulate impurities.

In another embodiment, a method of preparing a polymeric material comprises
combining poly(arylene ether) and poly(alkenyl aromatic) to form a mixture;
obtaining a polymeric material from the mixture wherein the polymeric material
comprises poly(arylene ether) and poly(alkenyl,aromatic); purifying the poly(arylene
ether), the poly(alkenyl aromatic), the mixture, the polymeric material, or a
combination of the foregoing; and packaging, storing, or packaging and storing the
polymeric material, wherein the polymeric material is substantially free of visible

particulate impurities.

Other embodiments, including articles made from the polymeric material, are

described below.
BRIEF DESCRIPTION OF DRAWINGS

Figure 1 illustrates a general scheme to prepare clean polymeric material comprising

poly(arylene ether) and poly(alkenyl aromatic);



DETAI LED DESCRI PTI ON Due to the surface quality requirenents of high area
density storage nedia, it is desirable that current data storage nedia are
prepared frommaterials containing limted quantities of particul ate _
inmpurities, whether inorganic or organic. Visible particulate inpurities,
such as gel s and carboni zed polyneric material (black specks), are
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particulate impurities may affect surface quality of storage media thereby affecting

read accuracy, data storage, and replication.

Visible particulates or black specks and microscopic particulates are often present .in
poly(arylene ether) compositions as the poly(arylene ether) is subject to oxidative
degradation at high temperatures. Poly(arylene ether)s tend to form carbonized black
specks when processed at high' shear rates and/or high temperatures. The amine
compounds of catalyst systems employed in the preparation of poly(arylene ether)s
may also contribute to the formation of black specks. Furthermore, when copper is
used as a catalyst in the process to produce the poly(arylene ether), it is suspected that
the copper contributes to the corrosion of stainless steel | present in processing
equipment. The corrosion results in the formation of black specks. 1t is theorized that
~ iron from the stainless steel equipment is oxidized by the copper according to the
formula: Cu'?+ Fe = Fe*? + Cu. Therefore, upon isolation of a poly(arylene ether)

product from the reaction mixture used to prepare the poly(arylene ether), it is
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processing the poly(arylene ether) at high heat, degradation of additives
present in the poly(arylene ether) that have poor thermal stability,
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known method of blending or combining poly(arylene ether) and another polymer

may be used to form a composite material. As the poly(arylene ether) is combined

with other polymeric material, black specks, gels, and other impurities may be formed

or collected during the process to form the composite. Accordingly, the composite

may be processed to remove particulate impurities preseni in the starting components

or impurities that form during the combining process. Alternatively, if the composite

is prepared from clean starting components, care can then be taken not to introduce

impurities into clean composite through processing or handling. Finally, conditions

of isolating, collecting, and storing clean composite polymeric materials are

preferably controlled to minimize the contamination of the composite from impurities

from the surroundings.

As used herein, the term an environment substantially free of particulate impurities is

defined as an environment the meets or exceeds ISO 14644-1 class rating of 10,000.



(CHC13) exhibits fewer than 5 visible specks when viewed in a |ight box.
Particles visible to the naked eye are typically those greater than 40
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known i n ot fifolled, from the purity of the starting materials to the type of packaging used to
contain the final, clean polymeric material to prevent further contamination. A wide
range of techniques may be used to prepare clean polymeric material such as filtration
methods, temperature control, use of inert atmospheres, use of clean rooms, spec'ial'
packaging and storage methods, and the like may be used alone or in combination to

provide a clean composite.

~Figure 1 illustrates a general schematic for the preparation of a clean polymeric
material comprising poly(arylene ether) (PAE) and poly(alkenyl aromatic) (PAA).
" The individual components of poly(arylene ether) (10) and poly(alkenyl aromatic)
(20) may be in any form, such as a powder, flake, pellet, in solution, as a melt, and the
like. In an exemplary embodiment, the poly(arylene ether) is in solution and the
poly(alkenyl aromatic) is in the form of a pellet added to the solution. In another
exemplary embodiment, the poly(arylene ether) is in the form of a powder and the

poly(alkenyl aromatic) is in the form of a pellet. Any combinations of forms are



art toresult in an intimate m xture of two polyneric conponents. Suitable
met hods include melt conpounding, solution blending, powder m xing, and

the like in a mxture of the conponents (40) |
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material (70) may be, isolated &50) fromthe mxture and/or collected (60)
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exenpl ary enbodi nent, the polymeric material may be isolated by
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purification step may ‘occur in the process to produce a clean conposite.

For |nsteﬂ@HéCtefiWéh?}ﬁlfyl(tbﬁryplueﬁeat@mrﬁrtbemmwbor poI y(al kenyl aromatic) may be
purified prior to being conbi ned to forma mxture. A solution m xture of

B e by TRt maAaRI0f s S bRa G i bk BFtere AR oSl o T

pol yner i qéﬂ)an:ang aariow) seehniquéscigienting @oR MBYfofRMPLN M At MGLhfi cation
steps, inclu rrultlple purification steps, that will result in a

conposi t EXpHP ﬁaé mbodimegs, Ssmlyparsmatensl ey bosetatercaspiesipitation from
subst ant ialohiioh of thhiRare! a'nﬁ ‘éhﬁéc‘?ed nRHéHn%tt\%fy if¥hk nPlgﬁl%% Rlig tlgc? oamhzt | ons “of

preparing a clean conposite po ric nma are cont enpl rein,
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corrponent dtersal? The isolated or collected form of the polymeric material (70) may include
any form such as pellets, powders, flakes, and the like. A further purification step-
may be accompiished prior to or during the isolation or collection step. for example,

a melt comprising a poly(arylene ether) and poly(alkenyl aromatic) may be melt

filtered as it is extruded from an extruder.

At any number of points along the general schematic in Figure 1, the components
and/or the mixture may be purified to provide a final clean composite polymeric
material. The “P” in Figure 1 indicates locations where a purification step may occur
in the process to produce a clean composite. For instance, the poly(arylene ether)
and/or poly(alkenyl aromatic) may be purified prior to being combined to form a
mixture. A solution mixture of poly(arylene ether) and poly(alkenyl aromatic) itself
may be purified, for example by filtration, before isolation or collection of the clean
polymeric material. Also contemplated are any combinations of purification steps,

including multiple purification steps, that will result in a composite polymeric
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met hod of m xing, any format of m xtures, any nethod of isolation or
collection, any formof conposite, and the like. In a process to prepare a
cl ean polyneric material, any and all conbinations of options within the
general swWees5/6316/ gure | are contenpl ated herein. For rETamg2he/027d0he
poly(aryl ene ether) may be in the formof a solution that has been
filtered. The poly(alkenyl aromatic) nmay be in the formof a pellet added
to the sol hiaiepial sibstapablyy ey | Framadulae imborifiel M &l Poxdible Hermiatiod yent nay
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is filtere®™BA GPmPBS“esH}da‘gFéfRe' of the polymeric material. The details of a
met hod to prepare a clean conposite polynmeric material will now be

di scussed. 1ol & P0&se T REPIRN b, cIEAE pslyRetit YHaCRAP ARG L 4 c@ﬂtmm&w@fne .
ether) and poly(al kenyl aromatlcf used to prepare the polyneric materi al
ar e i ndepeortons Withgr tegenetabseli¢roe of Piguid 1 ert dootebmplaebbéreint iFak kyariplee of

particul ate i I ties prior to.m.Xi or,. conbi ni the ¢ onent.s. In one
embodi mantt,%e ipfrm’%dgsry ePSfegf%Qb?’gy ha&® ﬂﬁg’%ﬁoqf ﬁqg\%foé’ntgg‘el?%g%‘*f“ ?@;%’Eeﬁe arting
conponent fdly(@ikeRylr blohREcPayobd (R Ithe Toitn Ve HIdiSaddB@WD the soRitiofi &F bot h

i norgani ¢ and organic particulate inpurities resulting from nornal

processi ng’OIYféf)HWseﬂﬂ‘ﬁ? q@rfegaraentxnse.gghwdv«;m@m betrhmpyed fromdhomignre

enbodi nent S ng_..companent s of, pol.y(arvyl ene ether) d

pol y(al kentyfoalgﬁoarrét io?:%tll%?téonngxg)c%sg;}Pfrle%u&t 8\ ﬂ%b@%é@ﬁf'? W%ﬂ%#ﬁi{}&%% ng, but
are conbi nedetiagainder cltsl fooweebnditions ABY sloredlin cRah btdindtsesidhifal ddags from

the m xture. In yet another enbodi nent, both purification of the starting

conponent sSSUPST Ra¢H® guailaple frem AL | Gorparation.némothsr example may incloderthssi t e
| ; - o ol . ey o

b ment aiges SarHORAAY I dory e Aroale) i the ot 0T Sk ind T

fol | ows. mik@r2@FPoRLiIGKAc BIGE) UBR PONA ARGAHD arohtutic) Briilapel pricaTty lignaioat her )

i ncludes p henyl ene et he P nd pol y(arylene ether) copol yners;
graft copdﬁly%g r@?%ﬁ%@ﬁ@?tnﬁéﬁ?&%)‘ t%EPeg}POGn‘GnEFEZ}m #neley) gemposite

polymeric material will now be discussed.

as

In one embodiment, the starting components of poly(arylene ether) and poly(alkenyl
aromatic) used to prepare the polymeric material are independently prepared and/or
purified to be substantially free of particulate impurities prior to mixing or combining
the components. In one embodiment, it is preferable that the poly(arylene ether) is the
starting component to be purified as poly(arylene ether) is known to contain both
inorganic and organic particulate impuritieé resulting from normal processing
methods to prepare the poly(arylene ether). In another embodiment, the starting
components of poly(arylene ether) and poly(alkenyl aromatic) are not purified
independently prior to mixing, but are combined together followed by removal of
particulate impurities from the mixture. In yet another embodiment, both purification
of the starting components as well as the mixture is performed to result in a composite
polymeric material substantially free of particulate impurities. Each embodiment and

the many variations therein will be described in detail as follows.



copol ynmers of al kenyl aromatic conpounds, vinyl aromatic conpounds, and
poly(arylene ether), and the |ike; and conbi nations conprising at Ieast one
of the f Lng: ;and the Iike. Poly(arylene ether)s per ar e

pol ynmer s @r(rﬁ%ﬁ'?/@ﬁﬁ a plurality of structural units of Wé”%zm#%?@’(l)

(1) wherein for. each structural unit, each QL is independently hal ogen,
primary or_ secondary | ower al kyl (e.g., al kyl containing up to 7 carbon

atons), pHaKyem ma!y&@nyleyp etherhmch@as mylyphwmc@hmw@iy andrpoly(arylene
hal ohyd t h |
and oy ge e CABSKEIAE uft, Bpotv B PblfarsBhg S b BE iR RS R PG o

hal ogen, pbp(ﬂﬁﬂh;‘rsObf Sﬂk&[}daamﬂa@d&leboxﬁbd@ﬂds, FW&B}]thoma'ﬂi@' eéthfidtinds, and

hydr ocar bong@/ﬂ Hllohydrocar bonoxy wherein at |east two car bon at ons
separate PR By & eé%&"é%?@é‘ﬂie’aﬁ’?ﬂwﬁom@ﬁatﬂ% qomppsising atyfiepst ongeofitheler st ood
t hat the o " 0 ne or
nor e hal og‘gﬁg%{] %hqmﬁ @é ugFﬁgdrg%'??Fg’ l{%b?ﬂng’ ?%ﬁi"?uﬁa[f o%}é'l%rgg 8 PP‘PE@
groups. Prehgrlylof strecietal @iits of the foymular(l): phenyl , especial ly Cl4 al kyl, and
each Q2 is hydrogen or Cl.4 al kyl. Both honopol yner and copol yner
poly(aryle e ether) are included. The preferred honopolyners are those
cont ai ni ng|Q? 6-@f net hyl phenyl ene ether units. Suitable copolyners include
random copgl rs containing, for exanple, such units in conbination with
2,3,6-tri OF 1, 4-ph enyl ene ether units or copolyners derived from
copol yneri n of 2, 6-dinethylphenol with 2,3,6-trinethyl phenol. Al so

i ncluded a @2 poQY ( ryI em ether) containing noieties prepared by grafting
vinyl nononmers or poly Ps such as pol ystyrenes, as well as coupl ed
poly(aryl ene -ether) in which coupling agents such as | ow nol ecul ar wei ght
pol ycar bonaks ferueadnefuctuPh@iOeueH €F @nﬂ]déﬁé’da%tﬁ %'BR')%EQO R3St bPn 1N
known manner with the_ _hydroxy groups of two poly(arylene ePher chains to
produce aS¢PBRIASY laysralin & gwelkphe Onm‘hly&ﬂp to %CM@OQGWSOLZ)I@M haloalkyl

PCT/ US200 [ f.urth |
conpri si ngﬁgt%zﬁ(g stﬂ%)%égﬁ% ?ﬂem ﬁ%] r(?ré g#"&?‘?é‘ﬁ“‘%%f’uq eWé’ 8‘1’?1‘8{12 are
pol y( 2, 6- atiomst beplapites rtise emdogenherig axrygen m«bmé 206-tHe nmtehyim%aéﬂ e is

ether-co-2,3, 6-tr t phenyl ene et her) such as those described in U.S.
Pat ent No™ dﬁpeﬂé?mb’ng‘yggoggf‘ﬂgﬁk%@“:alpr’% Q1 Secqrdepntlower abkyl3 phemy,

haloalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least two carbon atoms

separate the halogen and oxygen atoms, or the like. It will be understood that the term
“haloalkyl” includes alkyl groups substituted with one or more halogen atoms,
including partiaﬂy and fully halogenated alkyl groups. Preferably, each Q' is alkyl or
phenyl, especially C)4 alkyl, and each Q* is hydrogen or C,4 alkyl.

Both homopolymer and copolymer poly(arylene ether) are included. The preferred
~homopolymers are those containing 2,6-dimethylphenylene ether units. Suitable
copolymers include random copolymers containing, for example, such units in
combination with 2,3,6-trimethyl-1,4-phenylene ether units or copolymers derived
from copolymerization of 2,6-dimethylphenol with 2,3,6-trimethylphenol.  Also
included are poly(arylene ether) containing moieties prepared by grafting vinyl
monomers or polymers such as polystyrenes, as well as coupled poly(arylene ether) in
which coupling agents such as low molecular weight polycarbonates, quinones,
heterocycles and formals undergo reaction in known manner with the hydroxy groups

of two poly(arylene ether) chains to produce a higher molecular weight polymer.
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to Birsak et al. The poly(arylene ether) generally has a nunber average

nol ecul ar wei ght of about 3,000-40,000 atom c nmass units (anu) and a

wei ght average nol ecul ar wei ght of about 20, 000-80,000 amu, as determ ned
by gel peWVO0¥@642hr omat ogr aphy. The pol y(aryl ene et h@CH/usago4loarses an
intrinsic viscosity (1V) of about 0.10 to about 0.60 deciliters per gram
(dl/g), as neasured in chloroformat .25C. Wthin this range an |V of |ess

t han or edudy(atyberebether) fd;ﬂxqmrmélede edmbiratohs semphising ait lesgtidnetsf theout 0. 40
nore preferred. 11s referr ;hlnthls range is an |V of greater than
or equal tB°VabadfHEoP e'ljr%‘ % 31 RRIYE:O-SHnethylphenylgt ré@“él /g nor e
preferred | tal t i |

pol y(aryl er?ie)t(?élt6 ﬁdel?kﬁ]gr? mgﬁ%%%/)veﬁ‘ﬁ% r9(|> lr2153| échﬁﬁ?@yclg"%§/é"go‘fdy“?gr5§? eﬁgqg er) in
conbi nat i Ghscr[b@dem iﬁ $i Pagera Noe 0400, 2081t0 Sjnghtatal. tand U.S.nRatem Nce 6y439084i t i es
are used, nd somewhat on the exact intrinsic viscosities of the
pol y(aryl &% é?lﬁ%t § used and the ultinmate physical properties that are
desired. Suitable poly(arylene ether)s include, for exanple,

pol y(2, 6- mﬂﬁdﬂy(bryleré &ﬁ&?%h@é}ﬂly RisN® hhimber average molecular weight of about
poly(2,3, 6 trlnet | -1, 4-phenyl ene) ether; poly(2, 6-diethyl~ |, 4- phenylene)
et her; pol3y{0P Qﬁf//atoau@mwymnms Aapueayd eriegighit nerage molecular welght of

I I
Bgl ;Eg gt %b&‘gﬂ%&r’%"%ﬁ‘)q&ﬂ"‘éhgag%‘gﬂa‘)"s‘?r‘i’chge‘ R G C&f?"é‘ﬁ?%’lap}iy 4TBkenyl ene)
ether; po |ph5(y?arﬁ}edé @h@myxlnagt hivphe wh@s?@)nse&m rAVPeF Mot 6 19 10830 68+ 4

phenyl ene) 6- di et hox& phenyl ene) et her;
pol y( 2- netdﬁg;ggﬁrsgp@tg{mjdyg};as [HABNTE pféyhlgtqfc@rm at 25°C. Wlthm this range an

| y( 2- et byl t b
L pneny 1SRRG b N OB e i oAl
po: ygg gt gerPrefemdDhAhﬁlméflebre@?dﬁh{n thm*auééfscamm @Fémﬂtephﬁﬂldr%&@l tet her;
o ro enyl ene) e
Bol g; (3" br 8%’ é@o leﬁbE%@}er i’h@ cﬂh%@r%é)ouépﬁérdllgomoeﬁ prcfarigde lbis alshe
f | |
Or 201 NIpBAIBIE 36 YRR 1 AR TAns SUALAllpRIERIEL EALANE KA HARGL | 2e

poly(aryl ene ether) resin |nc u repare
reacti on wiscosityrpody(prybenei eber) izni:dnbinatmlhyﬁetieﬂmﬁngrmt ¢xalﬁ+wtxb;’:1tvh9m two VIO

2005/ 02164 X .PCT/ US2004/ 0276(#: a]q n For e t hose epared by nelt
reaction UFTBRT YESOTYEAEE U \?31"?‘?{“1 oMY an& ﬁ‘emﬁtﬂﬂgﬁﬁ@d‘”ﬁ%’ﬁ%ﬁyl
conmpoundsof lh@%b%@ér’@&n%ﬂﬁb%s@d‘ﬁh@{hb@ﬁrm%ﬂ@ ﬁ}sﬁa?ﬁx‘oﬂﬁmé H@pgxre'd% sifidd d.

citraconic anhydride, citraconic acid, itaconi i taconi ¢ acid,

Suitable poly(arylene ether)s include, for example, poly(2,6-dimethyl-1,4-phenylene
ether); poly(2,3,6-trimethyl-1,4-phenylene) ether; poly(2,6-diethyl-1,4-phenylene)
ether; poly(2-methyl-6-propyl-1,4-phenylene) ether; poly(2,6-dipropyl-1 ,4-phenylene)
ether;  poly(2-ethyl-6-propyl-1,4-phenylene)ether; poly(2,6-dilauryl-1,4-phenylene)
cther; poly(2,6-diphenyl-1,4-phenylene) ether; poly(2,6:dimethoxy-1,4 phenylene)
cther;  poly(2,6-diethoxy-1,4-phenylene)  ether; poly(2-methoxy-6-ethoxy-1,4-
phenylene) ether; poly(2-ethyl-6-stearyloxy-1,4-phenylene) ether; poly(2,6-dichloro-
1,4-phenylene) ether; poly(2-methyl-6-phenyl-1,4-phenylene) ether; poly(2-ethoxy-
1,4-phenylene) ether; poly(2-chloro-1,4-phenylene) ether; poly(2,6-dibromo-1,4-
phenylene) ether; poly(3-bromo-2,6-dimethyl-1,4-phenylene) ether; or a mixture of
the foregoing poly(arylene ether)s.

Suitable base titratable functionalized poly(arylene ether) resins include, for example,

those prepared via reaction with an appropriate acid or anhydride functionalization
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aconitic anhydride, aconitic acid, and their esters and am nes;

al pha- hydroxy carbonyl conpounds i ncluding carboxylic acids such as citric
acid and jd; derivatives of 5-hydroxybenzene-1,2, 4-tricarboxylic
anhydr i de% @b%ozjgbt he 5-acetyl-derivative or a 4-est emCTHSRIMARTAR such
as the phenyl ester; trinellitic anhydride aryl esters, including
trimellitic anhydride phenyl salicylate; and reaction products and

conbi nat i of&ENE ORI EXAiRle ébosleelé@f’aré‘ié’)’of"elth@aﬁtﬂﬂegﬁ|Pﬁb’(afa}mﬂg€ﬂ@ﬁfhe‘ﬂ§1 can be

enpl oyed. ﬁ%}ﬂ?ﬁ&@hhé’aﬁl Yted Q%xé@rae'.rﬁrazsﬁggst pq%g)q r@%ﬁlggcn{nw@ ré,és Jg M th

acidic or at’ent acr f ou ’such
processes funtdricdeid, rmtaabrhatanbydrﬁfe pitdaydrae MtidNiRacehitenhydride, ﬂhé@fw ddfr@f uran

THF) fol | owed. by enchin rbon di oxj de or capping of pol y(aryl ene
(et hez) i n 3onLigsh Q&‘ﬂ qw %Crf} af‘& gSters gndAmiPes pipbadwiPxyitrBende.

Typical ly, cdnﬁ%%n&@ﬁr@lu@fng%%xgﬁ@ 2800 Wchd éWﬁb QBH an@%a‘fﬁ@tam?“{i%n@atrves

functionalization agent "can used (based on t
pol y( aryl eofeS-bydrexybearmheihz4-sgeanbx ylivianhydrigessuchan thmrs -ecptylderivatineoart 6 Wt %

r ef d, %to about 4 wt %e R referred I n one
P hod! moni® SRRV S 68 s PR e e E ARYIHIS GRSt
et her). J{bradmgpmmemﬁay amydﬁaed phbByl PEANSte; t Bd %b&%tn' :ﬁ}n@l{ctsﬁe&fgﬁ‘ nal

hydroxy groups on the poly(arylene éther) chain. The ter r oxy
groups rraycolﬁd)maﬁl@% mmmmhnayat dasprqng off tthe doregoingt amang mghera,ppamg)eagent

via an acy| ct Lon, 9 The ca hosen is
desirably o?fglo ‘% géahwf: ﬂ{yé %gg ?}écé)cﬂa%bep “fll(’%wg%‘ﬂé‘“ﬁ’e?ﬂg‘fz)mt her eby
reduci ng datepr auidft gﬂﬁlf@ riass | suitlb18 IsoPent. NBx RRPITRIF SR ﬂ%c&gé’s iftfude
formati on of gels or black specks during processing at el evated

t enper at urggallation; efapal apdesi ﬁberérgemtéahwlr@ﬁu@e (Tlflﬁ) falloaved| by, quenching of

salicylic t I I 0 rivative thereof, and
the like; »21‘?}% ceérarsb%gf& gllﬁlkcé/rl F%%a% 8f é"f et;‘ ﬁ g’z GPSﬁOI‘g'O@aVVbt nat e and
| i near poltylmllltmydrmydlsde aid chibgtier ﬂ@ﬁxcaﬂ’ﬁ ]él%&ﬁarh@rf jual td fdbut 80 Rveigitst er of

salicylic acid" includes conpounds in which the carboxy group, the hydr oxy
group, or RSHERt ﬁ‘éﬁ/%’) ﬁ“‘?—,‘?ﬂ‘éﬁ‘tm agent san theopiedsrsedy pratthe weight uefethef or

exanpl e, %W(ar le'efh\é ga%@%héggéht %v.r@{rg%haé (19»51 %tnaguo ?ﬁ%mﬁﬁéﬁeﬁafd ic ackd,

salicylic cdrb po S, I'nc
pol ysal i cwhdtab@.rtdrﬁjwc%db|abomehwo?cﬁ1ﬁpe<§altypra&rrw WO 2005/ 021649 -
PCT/ US2004/ 027605 disalicylide and trisalicylidé. The preferred cappi ng

agents ar In So%le ie%lohﬁ:ne% rth %glty?ar%ge ether) comprises a capped poly(arylene ether)..
The capping may be used to prevent the oxidation of terminal hydroxy groups on the
poly(arylene ether) chain. The terminal hydroxy groups may be inactivated by
capping with an inactivating capping agent via an acylation reaction, for example.
The capping agent chosen is desirably one that results in a less reactive poly(arylene
ether) thereby reducing or preventing crosslinking of the polymer chains and the
formation of gels or black specks during processing at elevated temperatures.
Suitable capping agents include, for example, esters of salicylic acid, anthranilic acid,
or a substituted derivative thereof, and the like; esters of salicylic acid, and especially
salicylic carbonate and linear polysalicylates, are preferred. As used herein, the term
“ester of salicylic acid” includes compounds in which the carboxy group, the hydroxy
group, or both have been esterified. Suitable salicylates include, for example, aryl
salicylates such as phenyl salicylate, acetylsalicylic acid, salicylic carbonate, and

polysalicylates, including both linear polysalicylates and cyclic compounds such as
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the polysalicylates, especially linear polysalicylates. Wen capped, the
poly(arylene ether) may be capped to any desirable extent up to 80
percent, nore preferably up to about 90 percent, and even nore preferably
up to 100WSEHeEPRI6H t he hydroxy groups are capped. SuiPCIHIS20044p7s6%
poly(arylene ether) and their preparation are described in United States
Pat. Nos. 4,760,118 to Wiite et al. and 6,306,978 to Braat et al. Capping
pol y(aryl edicalistyhéde and/\ﬁristiiqydihys’ﬁhé prgfeated chpping sgentsadre ealieglli¢ carb@dtecandt he

1 f 1 t ed ; th | th
ehai . Tﬁem"é‘%i‘yﬁ%é«f 65, PRSI0 dineh PLSRUBYRES o vhst cambed, Srepnige ©
reactions §hay nf Fgea Ry deSirdtIe eRERGHSS m&é&ﬂqﬁﬁgﬁg :raen' yl ene

et her). The am noal kyl group, ortho to the term nal’ p of the
pol y(aryl eﬂ@ué%é?l)cemt @%mep@nemfefetabl)dmmw%pdrc@m oﬁthe Hydgixytgamr at ures.
The deconpgsi e eneration, of lmary or
secondary %irr%n %Pen © ngﬁft%)% ﬁ?pc?ﬁg(?f)ﬁ'((ﬁ{y thﬁ’irj aﬂ% Fﬁﬂrﬁé’"éﬁﬂdﬁfﬂﬁ‘%{m V\/m ch
may in turUnigeiiaes PaaNds 64, 160 Mbwhllfwaramswh@w lo7€RsIBEdaPetRY. Cappi ng of
pol y(aryl ene ether) containing am noal kyl gr oups Wi t h polysalicylate is

bel i eved t remove such am no _groups to result in capped term nal
hydr oxy gréﬁﬂ?"&ﬁ paly@rylens hen) withaolysakieylatees sy bﬁitew@fi]tmduce the amount
2- hydr oxy- Nam v, of, _t'he m no
group and #h%%?gg%&ﬁg provi t%éag" p%%ge?glgle%ﬁ Ole-)fq%@'rﬁngo?@?r) Cé’amm)r st abl e

to high tempaoakyirgsups hemeéopesmesabkida@ve CoupHng Fead@GisoMal éniflop aminest S,
such as gel s or black specks, duri n% praocessi ng of the poly(arylene ether).
Based upoﬂ"ttl?Fep’PS?Séé?)PFfﬁiuc? the\gofy(any ngspsPentheraminealky gy, ghO torthehe ar t

ory (ars (EARBIRR rBa ¥F BOHARE i) oMol BYlebelfodSibn ff those

pol y(aryl ene et Frespact Lve of Pvarati ons in
st ruct ur alhigin nerspanatumsm Theadgcompbsmwai bélsavkd nesresuTthm tharrepaidiabibs of

i mpurities may be renoved fromt pol y(arylene ether) i rmedl ately after
the pol ynd? ALY S Ss0neary Bﬁ’t‘"e’oé’?‘ﬂ%@ PTPX\S@OPS | % 198HRO8E "E“H’é‘ P EBGrEPWRs nay be

r enoved paﬂtmlpﬁrﬁi@aﬁl%hpﬂe@me'asf’bﬂqdlm] w&iﬁh@%ﬂze t%e prgﬁéﬁﬁgon

ether) may be Pre pared in such a way as to

i mpur | ti esPOlY(Wé/ | ejlier) pomtpiping m1m)>81kalr grougpivith| pojysaliepiate sl bblyeviel ao

oxi dative coypl SG& Qmu% groeu%gtto 1r%su 1290314)8ed1 ?é'n%m% /y %802%93 7co Ot‘ e
polymer chain and the formation of 2-hydroxy-N,N-alkylbenzamine (salicylamide).
The removal of the amino group and the capping provides a poly(arylene ether) that is
more stable to high temperatures, thereby resulting in fewer degradative products,

such as gels or black specks, during processing of the poly(arylene ether).

Based upon the foregoing, it will be apparent to those skilled in the art that the
contemplated poly(arylene ether) resin may include many of those poly(arylene ether)
resins presently known, irrespective of variations in structural units or ancillary

chemical features.

The particulate impurities may be removed from the poly(arylene ether) immediately
after the polymer is prepared, but before it is isolated or the impurities may be
removed post-preparation and isolation. Furthermore, the poly(arylene ether) may be

prepared in such a way as to minimize the production of impurities.

3

The poly(arylene ether)s are typically prepared by the oxidative coupling of at least
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one nonohydr oxyaromati ¢ conpound in the presence of a catal yst system
oxygen, and solvent. There is no particular limtation on the
m)nohydro&*;\f i, compounds used in the poly(arylene e nt hesi s. '
Sui t abl e mnoﬂﬁ%%%yar omati ¢ conpounds include those a@%zh‘ﬁ‘%a&t’he
followng formula (11) OH wherein each Q is independently hal ogen, primary
or secondary |lower alkyl (e.g., alkyl containing up to 7 carbon atons),
phenyl , haPsamR)ehydeexyatoamatis compepnd de dhepressnge oha Gatal v PusteDaPEXasBxy

wherein atgy] WO o] OfBt: r . the _hgl o . at ons,
or 1 he | D 3sheh0, SRGEOR 86 0RECaRET R Saoh" Sn BRI O
secondary ¢amwundd kseld, in plepolly(aryledeoeth&y Isynthesil. Saaabile awnphydrox yaromatic

hal ohydr ocar bonoxy. rein at |east arbon atong _separate the hal ogen
and oxyge??"éﬁob‘ﬁé%/m\gﬂ‘%[:ﬁ@sia?%@F‘ﬁﬁﬁé’fé‘\ég‘ﬂfW‘“ég‘Fﬂ‘”@(]])s al kyl or phenyl,
especially CM alkyl, and each @ is hydrogen or Cl4 al kyl. Preferred
nonohydr oxyppeno i nclude 2, 6-di net hyl phenol and 2, 3, 6-tri net hyl phenol .
I n one enbodi*gent, the nonohydroxyphenol is 2, 6-dinethyl phenol having a
purity of CGEL an about 99 wei ght percent, preferably greater than
about 99.6 ) percent, and nore preferably greater than about 99. 83
wei ght percepg. Qﬁditionally, t he 2, 6-di net hyl phenol preferably has an
APHA col or of* | eSs than about B2 and nore preferably | ess than about 79.
The oxi dative coupling of the nonohydric phenol uses an oxygen-containi ng

gas, Wwhi ISt 4Bk @l oy I ) i P erred.
Sui tabl e gjralé%rﬁnincéég%ﬁgeiﬁt12@?%?@%]8@?%& %@a%ﬁ%cﬁé&’a?ﬁg?\gﬁeﬂ%]i %?éit iC
al cohol s, alkdt aeetiniag i phatto c 7anchrizoronatins), hypdenylar haloalkyl, aminoalkyl,
chl or ohydr,o¢ar bgns ni rPh g‘roc rbons, ethersg, esters, am des, m xed
et her - est dPArORROPEYY. f5ha OQ& OFH, O’P?Wewherﬁﬂoatjﬁﬁﬂ"\‘%ﬁrb% AOPRWPEPAg at :
| east one thé hhldger QPO E 6188 Vrehé Pk¥.CdHdSeack r(?}’i's thbgen&clﬂﬁy hgﬁroggﬁ,

ed solvents 12

interfere with or enter 1nto the oxidation reaction. Prefer
WO 2005/ 02 mépsn pprimes? o0 a¢@pdagdomver blkyk mbenyd] dakalkyhtliydrévathonory,bons such

as benzen - . hal ogenat ed .hydr ocar bons .such as
di chl or one ah&zgﬁg%&% n%{}{jg)rﬁ % g’?%{ ]%?ﬁﬁkw‘%ﬁrg’ﬁgnﬁ?éﬁ se%ﬁrﬁtﬁa‘gf’ HAIRESE MYy bons
such as chixgpabenasner andliké.c Prefe@bBNzaee Q' is alkyl or phenyl, especially Ci4 '

alkyl, and each Q7 is hydrogen or C)4 alkyl. Preferred monohydroxyphenols include
2,6-dimethylphenol and 2,3,6-trimethylphenol.

In one embodiment, the monohydroxyphenol is 2,6-dimethylphenol having a purity of
greater than about 99 weight percent, preferably greater than about 99.67 weight
percent, and more preferably greater than about 99.83 weight percent. Additionally,
the 2,6-dimethylphenol preferably has an APHA color of less than about 102 and

more preferably less than about 79.

The oxidative coupling of the monohydric phenol uses an oxygen-containing gas,

which is typically oxygen (O,) or air, with oxygen being preferred.

Suitable organic solvents for the oxidative coupling include aliphatic alcohols,
ketones,  aliphatic  and  aromatic  hydrocarbons,  chlorohydrocarbons,
nitrohydrocarbons, ethers, esters, amides, mixed ether-esters, sulfoxides, and the like,
and combinations comprising at least one of the foregoing organic solvents, providing

they do not interfere with or enter into the oxidation reaction. Preferred solvents
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The sol vent may conprise, in addition to a C6-Cl8 aromatic hydrocarbon, a
C3-C8 aliphatic alcohol that is a poor solvent for the poly(aryl ene
ether), such as, for exanple, n-propanol, isopropanol, n-butanol,
t-butanol, n-pentanol, and the like, and conbinations conprising at |east
one of the foregoing C3-C8 aliphatic alcohols. The solvent may further
conprise, in addition to a C6-Cl18 aromati c hydrocarbon and a C3- C8

al i phatic al¥@Pr¥f021¢#8t hanol or ethanol, which act as atTaiseivepoyent for
the poly(arylene et her) The C6-Cl8 aromati c hydrocarbon, the C3-C8

al i phatic al cot](i t he nmet hano] or ethanol may be conbi ned in any
proportion, bffu& Cﬁgv‘ Bromalis dydropasbpns psyeh (ap cbeaemee lueae niid 3dengt | east

about 50 wei g’&togaﬁfeﬁﬁimro&?bohbﬁxc@s&Iﬁororﬁét%tah@c}hb!r@fo‘ﬂﬁadfnb(ﬂﬁ'logelnﬁecpne
enbodi nent, the usgytg?caﬁﬁor sol v nts is used t precipitate a pol y(aryl ene

ether) of a pAMPatc PeRgh & Wé‘f Ghrene a‘FHé’CHP@E?'ﬁFﬂe&t ed poly(arylene
ether) may then be separated fromthe reaction sol vent which contains the
cat al yst and Thesslybntachyi copiprise, mesdduﬁattalaycsét-cst)hﬁﬁa hjdécaltds, PCepar ati on of

t her pol y( aryla?’ ﬁatlgtali](:%ﬁ(}l t‘]é/tpl Ca Oxe 'E:lg%;qo{y(%_ St tﬂ hgj@%a%| Pt al

conpound such 4 YV in
conbi nati on Vﬂxumplv,armrmolotstmopamlt mbutaxhc&,.t-bStAhdlaﬂi}ban@at arhd/tﬁé likg/ sk | ncl ude

cuprous chl Ordoﬁlxgmat lﬁpl&m(fpr%m 9 ieqs opgg{)téglflofg%{ngcr&gﬁlgy c a@gg)ﬁ ecIe cupr ous

iodide, «cupric 1o e, ous su tetraam ne
sul fat e, cuprSiOkyemtfr@b'rﬁaﬁm wmpssﬁ, freddition topr QlSis aromhwctl@/dromrbam mdad®! at e,

cupr ous proP'(%anpﬁancCH&{th m&%gf&l SthargHRL LG | aﬁ(rﬁa%'gﬁlﬁ'i b Vrggu o§3 gl mtate and

cuprous benzoate; and si nmanganese’sa s 9 nst ead of
di rect addi t|p@ly(@ﬂﬂtefféhea)bd"heCeﬁmpbmiucddfdrombcwl, tteal+Cs aliphatie addobal, possi bl e

L0 12002 et S e el A A0 Db OF SRRy, 81 B 2,01 o

aqueous solution of such an aci orm - salt or
hydrat e. The Reefereedythat thwslﬂmcmsahtsloasmbwoﬁﬁ)m»gbdpmmhoﬁthmm.g or

di al kyl am ne, nes.  or Kk | Kk
Non-1imiting aé%ﬁpmggﬁ%ﬁ‘r@o?w f b;e) zfghfmlmr?ggi e gsggogrf}@éor y° Venst'ér"fsfd % ani nes
T

i ncl ude nnno-Pf‘?flwatﬂlar?@lmlgm @ mmcahd mbRciND VQﬂQﬁ/ D& pLipitated
PCT/ US2004/ O%Z%yléieeei}l%»'rﬁ@ tén b%ﬂ&ate@ﬂ@n Qﬁeoxre%éﬂ gén&?whﬁ}e?% taia1d

di butyl am ne, nono- and benzy| am ne, nono- cyclo amn ne, nono-
and di et hanolt%ﬁﬁamé'“ and dlssolved impurities.

Catalyst systems for the preparation of the poly(arylene ether) typically contain at
least one heavy metal compound such as a copper, manganese or cobalt compound,
usually in combination with various other materials. Suitable catalyst systems include
cuprous chloride, cupric chloride, cuprous bromide, cupric bromide, cuprous iodide,
cupric iodide, cuprous sulfate, cupric sulfate, cuprous tetraamine sulfate, cupric
tetraaniine sulfate, cuprous acetate, cupric acetate, cuprous propionate, cupric
butyrate, cupric laurate, cuprous palmitate and cuprous benzoate; and similar
manganese salts and cobalt salts. Instead of direct addition of the above-exemplified
metal salt, it is also possible to add a metal or a metal oxide and an inorganic a;:id,

organic acid or an aqueous solution of such an acid and form the corresponding metal

salt or hydrate.

The catalyst systems may also be complexed with a mono- or dialkylamine, aromatic
amines or N,N'-dialkylalkylenediamines. Non-limiting examples of suitable primary,

secondary or tertiary amines include mono- and dimethylamine, mono- and
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met hyl et hyl am ne, net hyl propyl am ne, net hyl cycl ohexyl am ne,

et hyl i sopropyl am ne, benzyl net hyl am ne, octyl chl or obenzyl am ne,

nmet hyl phenet hyl am ne, benzyl et hyl am ne, dinethyl butylamne, N N -

di al kyl et WP WPRORISH nes such as N, N -di-tert-butyl et hyl &SIHSIMIZT605 ¢

N, N.-di - isopropyl ethyl enediam ne, N,N,N - trialkylethyl enediam nes, N/ N -
di al kyl propyl enedi am nes and N, N, N - trial kyl propyl enedi am nes. At the
conpl et i ondigthyiaiing.e Moo ANgy GHEARYIamKE, Juenpanend sihwylamiiea| (paro-aard

pref er abl yfiib% MEnEd Ao eayE! ﬁﬁl %IBBe{}kaﬁiﬂgf Mofro- @}f?i"‘“di%fhgﬁc%ﬁﬁé to
prepare poly(phenyl ene ether a1 ncltide tHose Gescribed on uropean pat ent
docunment s methyldhdahmz; EP 116iefi3igtopradinel 1167426hkticyclohexianineet hods

for preparing,.pol y(phenyl ene ether)s are described, for exanple, jn US.
Pat. Nos. B‘B%}’E‘%’(X?ﬂf@{‘ém 486; b@?%‘f’ﬁ%@ﬁ@’,‘m&’, 092, 298¢tylghlggebegpdaminens g 553;
3,962, 181; Tardire3 3 29, o 3, : 9, 656y N

3 365,422;m%§, 08‘?’%@%?’?‘5%3 3, ?,%8,2%7‘4.9’]‘15?@% upgﬁ%’iﬂﬁeié‘%lrg’é’g%’ng, WN L be
appar ent t diatkiybetleylersilidniiees isncht s & N'-diktatt-tHuhdeth pletelignhiat.e dngd oONyN'aliy | ene

ether) may. prepared, by .all neth resentl n , _l.rrespectiv f

vari ati ons’ WOB%8§§?§¥WGmwndi ti g\g@:ﬁ' r eagd lgﬁe@pﬂeﬁd’%’%gs. I rﬁéﬁbt her
aspect, t hgiakyRirépyMhedRinfihésnd NINE- ialBSRBYRnedifiRine®! Y(aryl ene ether) are
purified prior to the oxidative coupling. Any known nethod for obtaining

clean starting material may be used. For instance, the nonohydroxyaromatic
conpound  frhiherompletignsetatheireaction proqeps, dhesplxent andior gatalyst areipseferably

i nt roducti%go‘i/e% a&d}}%ﬁﬁ‘i’fdcfoffux{h%rugeemve inpurities present in the
ra

conmpound. An 1 n l1ne Ion systemto filter the feed streamof the
nonohydr oxyaromati ¢ conpound is preferable, but also contenplated are

batch fil tKaswensocdssésheo prepatd polyiplicnyieat dthérhoimtudey tokordegaited @ cl ean
tank or vessel. Purification of_the h‘}/ﬁroxyaronati c conpound hel

s to
omDve  chEWAPEHIOBHERS SAHNGNY Gl 1 6PA2I Ao ! 1624 AR tands BBR1 MDAy
facilitatinguRasidodsGhe ; I 0 ‘
pol y(aryl eﬁ% et ﬁder)q S(}E @%B%@%g%@%ét%ﬁ%%yéggg}e&@g? lé], t he
sol vent usEd. iRat.t Nes.p6,8¢B280, t 52 36486y cSc0 17665 Sp el 020 @083 8RR H)054,553;
preferabl y; bE2eedl 3438305 £I4Y Ro, ' 53688 PBLo5H! 255 542151555 %35,

3,306,875, and 3,306,874. Based upon the foregoing, it will be apparent to those
skilled iq the art that the contemplated poly(arylene ether) may prepared by all
methods presently known, irrespective of variations in processing conditions,

reagents, or catalysts.

In another aspect, the starting materials used to prepare: the poly(arylene ether) are
purified prior to the oxidative coupling. Any known method for obtaining clean
starting material may be used. For instance, the monchydroxyaromatic compound
may be recrystallized or filtered as a solution prior to introduction into the reactor to
remove impurities present in the compound. An in line filtration system to filter the
feed stream of the monohydroxyaromatic compound is preferable, but also
contemplated are batch filtrations of the starting material followed by storage in a
clean tank or vessel. Purification of the hydroxyaromatic compound helps to remove
chain-stoppers and allows for a lower catalyst usage thereby facilitating easier

cleanup and removal of the catalyst from the poly(arylene ether).
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The starting materials used to prepare the catalyst are preferably of high
purity. Additionally, the catalyst streamnay also be filtered prior to
the reaction process. There is no particular Iimtation on the apparatus
used to CWOrNOHN264he pol y(aryl ene ether) preparation. pPChS2@a0L766N may be
carried out both-in the batch, sem -batch, or continuous nodes. Progranmed
addition of portions of the nonohydroxy aromatic conpound at vari ous

poi nts in Fhehermoded, ithe soikyntbesed P |thy pebcedéatoi ﬂﬁaudeyme%)og}(ary'léhacéﬂ%r pisray be
used for the _polynerization, including a single stirred tank reactor, two

or nore coH’fef'-ﬁEHM eg of Preapicapdfer poazAnis Rartignlale impuitiea. bubbl e col urm
reactor, or colum reactor. In one enbodi nent the reaction equi pnent,

such as'r eagt sa HERRRURLS B0 & BlEBER WISVl SR pHchOR: BF BRAT Bldin of the

pol y(aryl ene ether) process are urp eI y for
t he prepar Additionalty, gl oa(adyst stesaen mhy alsh be meredqﬁ:er toof the eghiciari ﬁdcmw pment
reduces the- opportunity of contam nation of the pol y(aryl ene ether) wth

other resins. The reactjon equi pne may al so he washed extra cl ean
sol vent be?aggﬁs "%5’86 h&ﬁm&h@'ﬁwgﬁ? ﬂﬂé"i‘t?? Beedi g Larnaut the B‘géé‘@ﬂfne in the
equi pnent . eth& pidparitioh atMhe @éaclbh n&?%%?aﬁ‘l KONt BRI tHS Bstch &renﬁnbéﬂcﬂ Gorand

ab

transferring material are prefer in a range that woul’d not geherate
addi t i onal congiapeus| medess p%rezr@mmqqi tlcuxeﬂ’rp)ram}s off the esanobidroay mrongatic

pol y(aryl r ol ve ca st, and ot he tjonal reaction
conponent s&%fﬁngsgtavagﬂésgmtn?s ir{'s?bf g é aé% E’HB‘P&@& FIQUS dYRESOYr eact or
whi | e f eedreadtosan®y bé u@ed%ﬂ@ﬁ&'ﬁél?fh\éﬁéﬂf&t ir&llﬂ%@&’@iﬂgleaﬂﬁreﬁrtaﬂ&’&ﬁ&r source
are fed to the reactor. Wen a targeted- nol ecul ar wei ght I's achi evéd, the

addi tion oMo Hemese,QEHNUNS SHiEed dankagacsers dm deriesc b dbibhle ngluagemctqaprlae added
to the rec%‘?&dn??ea%%'r”tlﬁ 85‘ EHB\ d;ﬁh?ﬁ’tn gpswggt ?‘ll%ﬁ?e% E. B deq%,o{r,‘ H’Ssﬁ%;l recovery

of the catalyst conpo Sxture to

i mpr ove thmdmtmagg tam«sl u@edt imdtd prepatfion iofnby pofy(drhRné eed} pebcedt aleyst and
ot her water The water used is preferably deionized or

bl.e,.co ents
den ner al i Pl '«\kgx dedicated equipmen selelycfor therpsensrationlaf poby(asiyene eierlerBies and
sal s, Opuisenah gkl exhpACh! ALLANS IBNliE) ool AEOYS Bl on

of a Cl1-C4 al kanol. The aqueous phase, ai ni
2005/ 02164@1R®‘wﬁqnsmlﬁw oitieohercasias.y The ree&:tlampqmptm-dt fagrlsohtse @agrai C
phase, contal I N ng.jeol g/é er ene ether), via a
i Bkdcl lvent between reactions to remove impurities that may be present
in the equipment. The shear rate of all process equipment used for mixing and

transferring material are preferably in a range that would not generate additional

gel/black specks.

In an-exemplary process of forming poly(arylene ether), a solvent, a catalyst, and
other optional reaction components such as a phase transfer agent, are charged to a
clean reactor while feed streams of a monohydroxyaromatic compound and an oxygen
source are fed to the reactor. When a targeted molecular weight is achieved, the
addition of the oxygen source is ceased and a chelating agent may be added to the
reaction solution to poison the catalyst and to aid in the recovery of the catalyst
component. Additional water may be added to the mixture to improve the mixing and
extraction efficiency of the chelated catalyst and other water-soluble components.
The water used is preferably deionized or demineralized water or water that is
substantially free of minerals and salts. Optionally, the extraction liquid may include

an aqueous solution of a Ci-C,4 alkanol. The aqueous phase, containing chelated
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liquid/liquid separation neans, such as a liquid/liquid centrifuge. In. a
preferred enbodinent, the prepared poly(arylene ether) is subjected to a

mul ti-sta for the efficient removal of catal . [ e
equi prrent qﬁ%ﬂ?ﬁo @ﬂg@a of the-catalyst include m xer-se ?atrgf[sgh'(g?@%os
extraction colums. Suitable chelating agents include, for exanple,

sulfuric acid, acetic a gr nium salts, bjsulfalte salts, and the |iKke.
Many di ffeﬁétﬁl’tysw%ﬁ%&ar%é §&ht Wﬁefms&ha%ee&ontsmna poly(asylpre etheDedatd enpl oy

t hose chel hﬂﬂ@%@%}ﬁre{gi}&ﬁtm@&ﬁ Qha‘FlaQSdeﬁ%l?]@/digué fé?l?l‘tl ge. ona% iﬁar éP2 to

Bennett et ef u ating agents in oxylic

aci d cont aiembndimeoty e presared pal(aagend e}hermsalu’pjeet;ed m)h mﬂtkytlagmelpmiupa“m ne
pol ycar boxyl i c..aci ds

pol r box c acids, m noc lic CI ds,
ami nopol yc A eiigient réé‘&‘?"g‘l of %(fgar%ébi € QUMY fo6‘?’9‘c‘, H’gx'g? jcgta éﬁ ds and
their al k@HCI]umlﬂér,seﬁi&gﬁﬂmt@@trémcdjﬁhﬁg or mixed alkali metal-alkaline
earth metal salts. Specific exanples of chelating agents include, for

exanpl e, sodjium potassium tartrate, nitrilotriacetic acid (NTA), citric
acid, glycShgab léﬁhg}atmeanemwn@u@, femeaniple, sudwric QCE@)T%IQ)?UC acid, ammonium

Ao or ¢ AABTEPURRE RACHECE ke Wiy Ll RBGRd bATIBRERE BRAGhUG | Soct”

one of tFBGplfe&rrtkﬁotbnﬁnplb?Hﬁbslengieﬂ’eﬁﬁl@t Sgen@N@lat AR dhls&i@sedEﬁapE(B 611'a|t YNpreferred
chel ati ng %gent s include nitrilotriacetic acid, ethylenedi am netetraacetic

acid or a AOASI02 i Benneftjet abn‘dsefulétheb@@aaiagﬁntwpkud@ relyéutctions! wcatboxdisar at i on

of the org C mﬁﬁ r q h r

optional | y B 3 ﬁ'gfaggl nﬁmfi% US%?Er apaﬁfggqlﬁ%o 18 8@#&@9@%‘8%

al kanol , apcilybmboxyshm tabﬂg sahimepblycirvbbxyliees acids, dassmicudokyléc palciger, or a
conbi nat| on of the wash sol vents Preferably the water is

dei oni zed @P"’@BWF\% ge@f‘ Wé"&%‘iﬁ‘é‘?ﬂﬁ ic\asids, RRNyCAHBOXWIa191Ys avhtheitse a
chel ating ageMtmdA, %ﬁ(ﬁﬁ?{@ SR MING FRfed] éﬁ%h ]-alkiRe Q:grtf?rlﬁélgln%alt'sn the

organi ¢ phase. In one enbodinment, it Is preferable to renmove substantially
al | of theSpeifid wyxamplesmft d@lajmaagmtqahmm&sfor texampleg| sodivmd foteassiumat al yst

: d t fe to f I ks wh th
boty  ar yi oErotE Rirped . delf (NIATR cuie 2t $cdeocumiirdinBroesasses 021649
PCT/ US200446@ 169 A)n hga@x?ahyﬂhema&nnemaé&s GEHS dRRyIERBShh RepGtAckiRTOVE

entrained water droplets from
acid, salts of the foregoing chelating agents, combinations comprising at least one of

.the foregoing chelating agents, and the like. Especially preferred chelating agents
include nitrilotriacetic acid, ethylenediaminetetraacetic acid or a mono-, di-, tri- and

tetrasodium salt thereof,

Afier separation of the organic phase from the aqueous phase, the orgaﬁic phase may
optionally be washed again with water, an aqueous solution of C,-C, alkanol, another
suitable solvent that does not dissolve the polymer, or a combination of the foregoingv
wash solvents. Pfeferably the water is deionized or demineralized. The aqueous
wash may optionally comprise a chelating agent to remove remaining catalyst that
may be present in the organic phase. In one embodiment, it is preferable to remove
substantially all of the catalyst from the organic phase as it is believed that catalyst
residue may contribute to the formation of gels or black specks when the poly(arylene

ether) 1s later isolated and/or processed.
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t he organi c phase. The water droplets fromthe aqueous phase may contain
salts and other inpurities. In another aspect, the organic phase may
optionally be filtered to renmove organic and inorganic particul ate

| mpuriti ewWOom0e3ex1649t herein prior to the isolation of thecCTaskguaeisbene
ether). As the foregoing filtration involves the renoval of particul ate
inpurities froma solution, the termsolution filtration and sol ution

filtrati onlrSotfel@iBodiwhédt, BRildded sl aftaised B hdlp Kav6Vel dRframed Water RFHIRS froand
equi pnment. Suitable solution filtration systens include filters nade from

a vari ety e onganig phase Jhenvaier dropiets froxm s agueasis phasecgayreenttin saltoand,

pol ynmeric L ral fiber, paper, netal nesh, pulp, ceramc, or a
conbi nat i o{’fhg’ﬁh{%@ﬁ%%regoi ng materials, and the |ike. Particularly useful
filters are sintered netal filters exhibiting high tortuosity, including
the filterb anptlepaspedt, he drphtic phaseanmt sptionallhbe filRae@ té yenfvetonganid ddder

Itself may. be cone, pleated, candle, stack,, K flat, waparound, or a

conbi nat i oHOEENICH Parisplalei IRPUNHEY Rresen! jtRereinTipsiopotoe the Zisolation 1pd the t.e)r may.
be of any gd | a f 1 . ) : or
areater: T e QR0  daPuR ioRaghg R hlole? e RmdTaE EEPRUELR 0 50
m cr onet er gnpsiaitiedh oenplsolptidn, the tidrm sdatidanhAltration eodiadlution Slteation 2stem

m croneters., preferted, and | ess than or equal, to, about 15 mcroneters nore
ot orrea il B Used bERin 6 QerRE SR AP baR e Calimpe. SDiEblst SR o | han
or equal t@irakentsyRerhs RERBORERS malet folll &8ty BRMAERAIURER EaQ,S?QDUt 3

m.croneters nore preferred, and greater than or equal to abou .
m cr onet erexaupis gingdréd metabfckoth gublyreric fibdrenatarh Uibevypdpet, imatdlinneshppudpesses

may include.gravity fil.trati ressure filtration,. vacuumfiltration,
batch fil tcregﬁ'lngh?r %%W?lﬂﬁb%s‘%?"‘f R’r’%ﬁoﬂ%‘,"atﬁpalﬁ’ *H‘(gﬁg? HK:i g igplagyusefilor egoi ng
filtrationfikes heessintared kRl |l filkes oARbitHETARPL Rirudshylt RRdldd kiR Syst ems
or solution filtration steps my be used to filter 'the organic phase. A

si ngl e fiIRreRaredbby BOLLGArReRtinR used or two or nore in series or in
parallel. In one enbodinent, the filters are reusable after treatnment to 2

17 WO 2005F2164R Y r | i i { W thin or
on the filter mat é’?lgzltﬁﬁ@%ﬁés%éﬁd?fb aeb(‘]%gg}t{%%ag%’ aﬁgﬂégtacﬁpﬂ‘d}, Ma%?rquné, .
or a combination of the foregoing, and the like.

The pore size of the filter may be of any size in the range of 0.01 micrometer to 100
micrometers, or greater. Within this range, a pore size of less than or equal to about
50 micrometers can be employed, with less than or equal to about 20 micrometers
preferred, and less than or equal to about 15 micrometers more preferred. Also
preferred within this range is a pore size of greater than or equal to about 0.1
micrometer, with greater than or equal to about 3 micrometers more preferred, and

greater than or equal to about 5 micrometers especially preferred.

Suitable solution filtration processes may include gravity filtration, pressure filtration,
vacuum filtration, batch filtration, continuous filtration, or a combination of the

foregoing filtration methods, and the like.

Any number of solution filtration systems or solution filtration steps may be used to
filter the organic phase. A single filtration system may be used or two or more in

series or in parallel. In one embodiment, the filters are reusable after treatment to
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to clean and reuse a filter nediumare known in the art. Prior to the
filtration, the organic phase of poly(arylene ether) nay optionally be
concentrated to a higher percent solids level to reduce the volune of
‘organi ¢ phase to, be filtered or to facilitate downstream i sol ation
processes. Any technique or apparafuz tﬁlcoRcentrafe tge ?r??n;c phase may
be used. Ex [ aratuses include flash vessels istillation

syst ens, SﬂP# ’2‘§9p The sol vent nay. be evaporatgﬁ UE@%%%?%%Iy at an
el evat ed tenperature for exanple in the range from about 100 t o about

300C, nore prr%(?\fe%@ll ééteh X‘g J \glﬂ'gr?orocfn tﬁpﬁ!\“&' mf:laégaltxtg %thl% bq(t)l and/ or

el evated pressure, Fe in the range rom ab ut 75 bar,
nmor e preferahplyaﬂaﬁdteﬁéeaerngedJﬁmam#mWISmtthﬁ?about 50 bar.. Preferably the
solvent may be renoved by a vacuum flash at tenperatures of about 50C to

about 150C armgiof to lh@qlﬂmﬁ)fth@-laﬁgdﬁlcm%et(ﬂ p%%rmﬂelétﬂg?)tlﬁﬁ)soﬂfonﬂ@r&ury A .
single pass flash may b recirculating fl Care is preferably

taken to pr e\?BPFF“tEN"@r‘O ﬁg‘éf"?r Wﬁrcf’ﬁé?l%ﬁé&’el tp Eedpferths ‘ﬁ’l‘b‘lﬁ ﬁﬁ&a“‘ﬂéﬁ"éﬁiﬁ’om tion.

Fol | owi ng solbdt fileredl bl to &cilfedte lewn@reﬁmlxwatohomaﬁsei heagr ge@ﬁu@epmase t he'
sol ated in any nunber of ways, such as by

oly(arylene et he
Br e%:ll( pi t at i oAPRATY" %IQOB{"‘W?S?‘I theyrediie Phass i b8f“5‘fdheE’éfﬁlP@Fé3hf’pPaTaFPs‘E§ne
enbodi nent , mlruaxdsoﬂlmemessme,ydf@tﬂlah&my@dns tahd Qbg k@ OENeOkohehd magtieOn process,
flash evaporatio ssel s, use of_a di | | ati on_system

ti
conti nuous wW° @onfafeﬁ;{')%%&}) tcf’f"‘y‘i ‘H’Gted 6‘?’“93’3&‘5?1‘1){%5&3%1% i7thg FABEe fi8egoi ng.

| sol ati on maybase ¢00’tolaﬂodt) BE0°6} tﬁ&e Pfefdrabl A Ythd VARG aldut F0QP SboulBfoeE NSt ance,
prior to isola |on e org d‘n Flhae may be concentratedtoahlgher
Ofﬁia

percent sol i 8§ °’Ieé‘°\)'é'|e PrESSyE Rlg 13 @BF“&E‘? Bem ghayt & tasaboyt 4 bar, masey t echni que

or appar at us pte@ermmem& FARe of sHdet ﬁt@ﬁd&h@smms@rdiﬁﬂblpﬂ)eQSE%t n%&%has f: 28h

vessels, distillation syste and the e e organi c phase

pr e- concent ré?"éode %’)ﬁé’ ‘i‘% Hsﬁpdféen&?ff‘“ﬁsdse@g‘f‘\#\g ‘Pé‘bﬁlmuf F%’ng ayd @ preferably

control | ed t cacvuniofibimat IdOe? By it inh odeis ﬁlfm@ﬁlrjﬁ &B:délebasbhashknay?o)E(aEAdS Wlten o
oncentrated, the. amunt e et her ese e concentrate

grganl ¢ phas& {prufit f"érﬂé’g‘ o?arflﬁ({’rf§fa§§' B0 B eé(gﬁlﬁ’f’e’%atf'% ﬁaaéd‘ffﬁ' 99 per cent

by wei ght baseldingulytieedecotyaisitiaei ght of t he pol ymer and organi ¢ sol vent.
Wthin this range, the 18 WO 2005/ 021649 PCT/ US2004/ 027605 .

Following solution filtration or no filtration of the organic phase, the poly(arylene
ether) may be isolated in any number of ways, such as by precipitation and collection
or by removal of the solvent. In one embodiment, the solvent may be removed
through a devolatilization process, flash evaporation using flash vessels, use of a
distillation system, continuous wipe film, spray drying, or a combination of the
foregoing. Isolation may occur in one step or in any number of steps. For instance,
prior to isolation, the organic phase may be cc;ncentrated to a higher percent solids
level to aid in the isolation process. Again, any technique or apparatus to concentrate
the organic phase may be used, such as flash vessels, distillation systems, and the like.
When the organic phase is pre-concentrated, the temperature and processing
conditions are preferably controlled to minimize the formation of gels and/or black

specks.

When concentrated, the amount of poly(arylene ether) present in the concentrated
organic phase (prefiltered or filtrate) may be about 10 to about 99 percent by weight
based on the total weight of the polymer and organic solvent. Within this range, the
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anount of poly(arylene ether) present in the concentrated organi c phase may
be greater than or equal to about 20 wei ght percent, with greater than or
equal to about 30 weight percent preferred, and greater than or equal to
about 40 wo mhosiopescent based on the total of pol yner aad/ggmnmensosol vent
nore preferred. Also within this - range the anmount of poly(aryl ene ether)
present in the concentrated organi c phase nay be |less than or equal to

about 70, Wbt &SBolyvlirflerd eBRPPprekehtANOUE BHcdidfed 6r@dhic phase hRgsbd han or
equal to about 50 weight percent nore preferred. After concentration, the

concent r at Bal6F R ghalste abayt Heweight pereentawith @Iﬁai@ﬁbﬂm o eqvakierabont ed
again priep v&e?%ht SB%L(%H grefgx{edt Qﬁg %M&%Xn %n %gufa‘% %Yr_ler? p\é?ée){% the

pol y(aryl ehe ‘e concentr &

i sol at ed f bayed toheths edtylestt d:lymarnyncbbrgamb%omhthmdﬁe ﬂe&ﬁeﬂbaﬁis@&ﬁmimthld n one
enbodi nment, the poly(arylene ether) is isolated fromthe organic _phase by

preci pi t at TA98¢ g PERRR oy pely(ardeny éﬁhe'afpf?f’&ét BY thei gsincenteatedTpREapie gAASC phase
may be co %quss‘%érr %lﬁp db%%} Y6 With %%Qlil%?:'oq! éﬁ leto alﬂgutpt% ffr@?e%éhene
quid slurry. € preci

et her) and rm a be" cohduct ed,

for exanpl end less thaisdi ¢quabitotabolst SOresight peircfeneh)bﬁerpmfehiad aAcﬁeﬁ b(ﬁr&dntﬁdth@ﬂ,r rate.
Al ternative equi prrent I ncl ude hi gh shear m xing n]:) gri nders or high
Iy

shear m xefectpRREErated exgapispphaseimay 8hduteradnand P%‘F congentised ALan y

avai |l abl e e (Crial B : r rrany
The shear éat es ég{afl%%m%%%ér?@ Jé%\neﬁnﬁt héhstl rreiy c@aﬁf@gﬁ%g Nl hi gh
shear honplgsrmlt nerhermycdlm'aeddm:garﬁﬂﬁhasemay teois@lated Gtbns €' solvent hmmy of

enbodi nment lution may be injected into an anti-solvent or
poor sol v@ﬁt‘“‘%‘%‘?‘ﬁé‘y b&agﬁﬁeﬂht i on nozzle. The poor solvent is preferably
heated and contained in a highly agitated vessel or chanber where sol vent

can be f|a§h6ﬁ’e efnbodinleABthe polJIAyRAL Yekifh Y |seiRBlafidn@bh the otrgﬁué QhdBedy @ crunb

slurried in the anti-sol’'vent. ‘Thé slurry formed by any of -t he fore90|ng
met hods Weﬁlhéﬁl%fdl@weéchkml@tlwg ofitye prsoipitetst i ‘Birabrgaoicl Ehfm onyfhd tration

3 AL A AR e 8 510

filtrati onapparatuses inclu

filters, colid/iyuidisuipyimg ;J@aﬁbxfanbhm@ bebﬁh&i‘ttéd kdreskampR) th 4 §ikreditifk
Suitable solid/liquid separ atjon apparatuses i ncl ude conti nuous

solid/li un%?S%!éﬁ‘ﬂ)PU?fu‘@é& desirearsiEego 5o 2 pblemapyT cQspmeny welndedigh shear
mixing pumps, grinders, or high shear mixer chambers. Suitable high shear impellers

are commercially available from, for example, Wilhelm Siefer GmbH & Co., Velbert,
Germany. The shear rates during precipitation in the stirred tank and in the high shear

homogenizer may be about 500 sec™ to 50,000 sec.

In one embodiment, the polymer solution may be injected‘into an anti-solvent or poor
solvent using an atomization nozzle. The poor solvent is preferably heated and
contained in a highly agitated vessel or chamber where solvent can be flashed off,

leaving the poly(arylene ether) in the form of a crumb slurried in the anti-solvent.

The slurry formed by any of the foregoing methods may then be collected using any
conventional collection filtration or solid/liquid separation technique and apparatus.
Suitable collection 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.
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I n anot her enbodi nent, the collected, precipitated poly(aryl ene ether) may
optionally be further washed one or nore tines before the poly(aryl ene

ether) precipitate is dried. Washing may be perforned, for exanple, with
addi ti onaw%aﬁ{’?/@é?#vent directly on the collection fil P’QF“WO%&?W% ng the
wet cake fromthe collection filter or solid/liquid separation apparatus
wth additjional anti-solvent in a stirred vessel. The anti-solvent used to

wash the pleiogier smBogigient dheiepllestsyigeipiiaied Poly(arylaes etherd sayveptiopally ]
poly(aryle r o 0 ' heylnitlal. | ecte
pol y(aryl eﬁi ﬁgﬁ%gr as}ﬁéggﬁép()ﬁ) a %rét}lsrgésast gggl\fo{hg\t@ggbﬁg%ﬁteﬁ%&a??\%ﬂé]gﬁ)g/ l'iquid
separ at i ondrigak O¥astiing plagrbe. perfolmed, forsexampde] iwignddditidnal avei-scdkent Hireetiyt he

col l ection fiLter or, sg{ii d/liquid separation a araﬁus is washed with
anti-sol vefit the, cal]gthppr er; 35!@' f‘Wémgptng‘('%fF%ee am the co]lectlon. 1ter.or

et her ) | 50l iRt depstalivf RbodFhtth Wifh JRMidrAEMMDLIRGRH 8 GHld 98%R, V" 2
collection filter or 1n a Solird/liquid separation apparatus. e

pol y(aryl eamgi-stdvent isedvie vk ¢hef precipitite nwdmrmiycsolvmtdhhmilﬁdmguﬁwoivcritbeg;jl agai 3
with anti-sqlyvent in.a . continuous stirred tank, f.ollgwed, a soli I qui
separ at i onPOqW?Q’q%I FHDed B! f(‘%{Pé’P@'né“‘ég%r‘f}nﬁj"Pé}Hf‘%i t & y_CBlZeCEﬁdi ed by
known et hgsl§(atylereh@herdt ipreciitai Yisdl04 Y\ﬂ@%ta?@%iﬂfrry v SEIRI/BqAa ¥kpiFation
apparatuses to ‘dry the Ipre(;l pitated poly(Carylene ether) include rotary
paddl e dr ypreeess CSG?:CIWer ndthje remboflinggnd- thedwelicgler srom dhs esliestion bfdtkerderyer s,

and the like. . .The drying may be operated batch-w.se ar contjnupus. In a
preferr edI ® g‘(ﬁl,’“}%flﬁl’%f 'ﬁg a(#’@riaﬁ{j 'gsw?)gbls‘?&'ﬁ’eﬁnqﬁﬁodﬁ?mdﬂ 3 ﬁté‘??d pﬂ&?n@?pher e,
such as nijdlp@aenet @néry/SoluémAanti 36lvet alttinemayf t}feh%ep@bm@ﬁ:ay%gaﬂ.ewﬂﬁ her) .

The precipitate rra?;?be dried at an el evated tenperature and/or at reduced

pressures ¢dectiorcfilter ot i g ooliddiquidy sgperation dmparrive. t B pekyfarylenofthele dryi ng
may be car y ont.r Y e osd L1 qn..of 1.1 ryl ene
et her). Te‘r%%tgéﬂaet g?](eﬁs “#eorééoggyéoﬁlgeagﬁlj%?}ggi %L?){a;t géaﬁrr%;.,vo 'tt)ﬁe) ag%g‘élv@g{)g t% 0 about
400 C. Thecodtiyasusatimredaakf foliayed by asolid/figid s¢parpioavent | ocal i zed anmounts of
- poly(arylene ether) fromgetting trapped in the dryer apparatus resulting

in materi deconposi fion, Such nodifjcations .include, surface finishing
~and equi pgtl}ﬁcoglggtie IR.‘)}YI(?T)’{?HE" RIFFHRIte "W(g’edﬁh}ﬁ%r@' known,methodsitithgnder an
i nert at nogpher, | vy <@ e | The
dryers are p?(gfdg ?gﬁ'ﬁleéﬁgég' prsiglgégHj ?tg‘?ﬂg%rb? ggrﬁggrr%sted g%%i?ﬁ%‘ ets?t:edAI so any
transport pygaohme atierhinclideckotary graddlb| doyers,scomeyer dirpers,vwihid-bedidnyers,ned and

desi gned 20:iescent bed dryers, and the like. The drying may be operated batch-wise or

continuous. In a preferred embodiment, the drying is performed under an inert
atmosphere, such as nitrogen, to minimize the oxidation of the poly(arylene ether).
The precipitate may be dried at an elevated temperature and/or at reduced pressures to
facilitate solvent evaporation. The temperature of the drying may be carefully
controlled to prevent decomposition of the poly(arylene ether). Temperatures for
drying the precipitate may be about 50°C to about 400 °C. The dryer equipment may
. be modified to prevent localized amounts of poly(arylene ether) from getting trapped
in the dryer apparatus resulting in material decomposition. Such modifications
include, surface finishing and equipment design. In one embodiment, the drying is
performed under an inert atmosphere and preferably operated under negative pressure.
The dryers are preferably cleaned prior to use to remove any residues. Also any

transport systems, rotarjl locks, and blowers should be well maintained and designed
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WO 2005/ 021649 PCT/ US2004/ 027605 to m ni m ze pol ymer powder from i ntruding
on bearing and seal surfaces where they mght nelt and degrade from
frictional forces. In_one enbodinent, the dried poly(aryl ene ether) powder
is preferably substantially free of dust and other contam nants.
Accordingly, the poly(arylene ether) may be precipitated, collected,
dried, stored, and/or transported under conditions to prevent the

cont am nat i O¥0 &SR powder from particul ate inpuriti @TUBHHRTEES

surroundi ngs, such as dust and other particul ate contam nants. The use of
clean roons or a clean roomlike environnent may be used. The clean room
envi ronnent B¢ BEEMZE PYlymeGiepiderdeom wipdirgen beawrsya"é §e¥ syrfages wiereitheyr ed air .

Sui t abl e systgp nfeR ah&8ERMAe oS rickibRhl faddesbOr ne- contami nants in the clean
room at nosphere | ncl ude systens corrprl sing high efficiency particulate air
(HEPA) filters col | ect trostatic air f ers the Iike.
I n one enbodlhﬁg?ﬁ stfoﬂgnegh& rﬁﬁ%ﬁ'{ %@F@%ﬁé’ow%éﬁ EF%EEHY&H?%‘@BQHH on,
packagi ng, arfdéof dedtcan@gﬁe:ommmldaas accdraagly,rmeml@{amere&fet)ngaydfe about
100; 000 or bett ui valent to the

maxi mum nunbér 6t e CP@ ?e%"e?’ %‘6 é)gr téanfpoﬂed u%d%%onaﬁg% ©P %N or equal

to 0.5 mecr onlataantapmnmum tbe pdiv@dnt frmA pmhea]atenmmntueafrbmghe)iunahmmgs 10, 000 or
better, my r rat.i.n ut 1 000 1oF better
preferred. ngdlr %%d}]r% a\(/)\é %@erup a%w%a{é C\?\ﬁﬁig’%ﬂé]a'ft%ehegusf’ f%?i}’ QYRS Y hAE i s

i sol ated by peomelikd eatrooment dnayebk; usadd/ Ohe stean embmm:yvnbmmemctreﬁadly in a
positive pre n m alr contin ouslyflltered
to renove a??'ﬁ%’fsﬁszy@gt%{paﬁm USF hee tfﬁ?reécon? 3L|ta?1’ler f}gné?jtotr mmfeoérje %{'nd/ or
transport t helrlpmtw(oataylmne nethhéca)n rpmw;tmosphsre inghudé eysablls yom;brsmlg highd
Substant’ al | Xelleh8, iRl L HIEMT eh BB Lo Y BHELEL B pubfieapgoont Al ner
preferably conprises a sea ans to preven At ro ct‘i on of

i mpurities fihsnikehelnsoner Uulm!lmfgs thee eqyiroprhent uidlaret the me’ltvfoné@édtlgp, cl osi ng
nechani sms, phdid %mg, SHE/EV S ORSocclr HaS c%taﬁ; rdom !!gs'rﬁ %tfgﬁ(ﬁxqu

transport. Suita contalners include any dust- ght er re5| st ant
cont ai ner, f Bftteex Anpeam rogmgpting, of HAPHRG 1SC%PW31€W)}0 tmwlmmmmbmoft railer,
bul k sack COB&rﬁblE’se(lﬁo §(N)?h§aﬁ§g @-sngé'gl%ﬁteﬁﬁﬁkércéqualstg@ %Jcﬁpﬁle@?&l &GibicPags,

‘'seal abl e jars, .. I n one enbodi nent yene et her)
present in t Fot. of“@&ﬁ’i’ EOopHANE bkt HuPOfor Betfer, mpay bswﬁﬁ)dn'efﬁ zamrtmolpr ocess is

i sol ated usi Rging Hawekat0do gabdiRN pRIACES STheDRYAL B lehhifhE where the

poly(arylene ether) is isolated by precipitation, dried, and/or stored may be enclosed.

in a positive pressure system wherein the system’s air is continuously filtered to

remove airborne particulates.

Any container used to store and/or transport the po]y(arylene ether) powder is
preferably clean and substantially free of particulate impurities. In addition, the
container preferably comprises a sealing means to prevent the introduction of
impurities from the surroundings (e.g. through the use of seals, closing mechanisms,
lids,” screw tops, ties, etc.), during storage and/or transport. Suitable containers
include any dust-tight, weather resistant container, for example, a silo, hopper car, dry
bulk tanker or trailer, bulk sack containers such as a Super Sack®, sealable plastic

bags, sealable jars, and the like,

In one embodiment, the poly(aryene ether) present in the organic phase obtained from

the polymerization process is isolated using a devolatilization process. Devolatilizing
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21 WO 2005/ 021649 PCT/ US2004/ 027605 extruders and processes are known in
the art and typically involve a twin-screw extruder equipped with nmultiple

venting sgct Qr solvent renoval. The devolatili zi most

of ten conﬁ’ 498@%1% Wi th nunmerous types of el enents ag’g"gﬁ&&g@g@ﬁch
operations as sinple feeding, devolatilization and liquid seal formation.
These el enments, include forward-flighted screw el ergiglnts esigned for sinple

transport, e’_éfﬁﬂiefse BEOCEISEY R QWA Jfy ¢ Fld’"c_?‘?q hgaLy) mypIX e PNESETESY ovi de
intensive gixide @RpRE GARahfil@ple €¥ntinBakidiohd bl Ysobr@l WenRVA,  The

counterrotating, non- intermeshing tw n-screw extruders, in which one screw
i s usual | ydewidizinghatrutiene mext fodten tcontamcidréwsawsh efriecdus riypds| af\elenengtigh t he

die of the ri.al being extruded. Such .equi nt..i s avail abl.e from
Var i ous. APt HeReER ARrapTRg S P g e Gin SEraa ot 53 g crel ar
devol ati | i fsnafitn. eMiRed RRMents2ireAldé MRfwsrdl Yighted Ferewl ERmefRidClesHed or
organi ¢ phase, may be fed into a vented extruder configured to have

suf fi ci ent sivpleitmanspod, pad nieverse-flightedhscrewasid eyhndsicat ielaments &wipyaide from
t he pol yner-sol vent . m xtyre ven_ for, ver ilu sol utions ..Preferably
the pol ymoP @aryantTh Sidieerea®iE el ottt bl g Pl ki

extruder. iiediiestgny evhEehGewr &tmiders Al ehicdhr ofeosoiévags tub@allyOloy g&T thars dhe/ ent
m xture prior to its introduction into the extruder. The heated gol yner -

sol vent ni gther © fagilitatq effigiont JewHbeough thy/digwh thy Betedalheing extoreghgenchor
exchangers,, . . q : . AR . ﬁﬁﬂ! ;

pol ynmer - so?%uéﬁrpggr?%( u?gb ]@t?r ﬁ%ﬁ%rh&g@(%r mgér}g"#eat %x%é‘%ﬁ@.ﬁe%%‘?eed
inlet through which the polynmer-solvent mxture is fed to the feed zone of
t he ext r udbramexenipdary deedlaslezapom embodiynen agpoheaerbsplveaninixtireesuektas tisker vent

upstream of the feed inlet, which is used to_effect the |.k of the
sol vent T cfFS#HE PHFSE. foay & ded e&%r%%cﬁe’a@%ahcqyﬂw é?rf’?r‘éerﬁ“?#erﬁg VaPERS eam
vent may b pagHietEdicAl MHesHton Msolwaﬁdmwgmyﬁw%&%w ixtdr@®

extruder, the feed inlet, and the upstreamvent ar configured to provide
t he vol uneeveaddevery dilperselutions.f Prsferably theyadlymeongodyent moxturs is heated prior f r om

the polyney-sol vent.m xture. A vent..l ocated do rea f the feed port of
the extr ud@rl?ei"lg ef/%f@%fﬁ?eye"?{yﬂeratﬁ%‘}tw_gsvﬁﬁﬁg j ¢ ﬁ‘%&&é%@ﬂlg %F@f’ 1y at
subat nospheyliént RhiRESE PRiIoANE itsSinh@atéticRehtd eheetinafer.2 PIRVWASHEEPOIWRAL . The
extruder may further conprise a side feeder equipped with a side feeder
vent solvent mixture may further be heated by means of a heat exchanger or exchangers.

Pumps such as gear pumps may be used to transfer the polymer-solvent mixture

through one or more heat exchangers.

The feed inlet through which the polymer-solvent mixture is fed to the feed zone of
the extruder may be in close proximity to a nearby vent. The extruder vent upstream
of the feed inlet, which is used to effect the bulk of the solvent removal, is herein
described as an upstream vent. The upstream vent may be operated at atmospheric or
subatmospheric pressure. The extruder, the feed inlet, and the upstream vent are
* configured to provide the volume needed to permit efficient flash evaporation of
solvent from the polymer-solvent mixture. A vent located downstream of the feed
port of the extruder is typically run at atmospheric pressure, but preferably at

subatmospheric pressure and is described herein as a downstream vent.

The extruder may further comprise a side feeder equipped with a side feeder vent

which provides for added volume and serves to trap and return polymer particles
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whi ch provides for added volunme and serves to trap and return pol yner
particles 22 WD 2005/ 021649 PCT/ US2004/ 027605 entrai ned by the escaping
sol vent vapors. The upstream vent nearby the feed inlet and the side

f eeder vewo way0die4%per at ed at at nospheri c or subat nosplpenyus2eessus e. The
downstream vent conpl etes the sol vent renoval process to provide a pol yner
product substantially free of solvent. According to one enbodi nent, the

pol ynmer - sobieaiedriyehe eapingsolveht vapadse thel Df@feamPFeRs fbby the f&rdqméCﬂxda
super heat ed pol yner-sol vent. m xture, wherein the tenperature of

super heat eﬁlerﬂ@@t feeder Ventgrealree@per Hechak a@osphienic AGSYheiespberie pressyrs. V"Bm at
t h , f h
o 0SB |ty YN bk zoh i AR ASLE Ol BRREP Y e

pol yner -so Vent mxture
boi | i ng posubstaofiallyhfeeeseflsobent. at at nospheric pressure. Wt hi n this range, a
tenperature of less than or equal to about 150'C can be enpl oyed, with

| ess than or egual, to abo t,.100C referred Al so, preferred wthin this
range is a?‘fcéjﬁﬁaga{? G 8P %‘PE‘SPE ¢ Ralymsr-selyent mixurenis,first beated Whder gr eat er

than or e%@&su?&to@@&ﬁce@&p@ﬁfc@te@ of err‘% veﬁt%ifﬁﬁ%%ﬁ%mvmglrtj%neﬁ%ﬁﬁr% ar e

mul tiple solvents present, th epoy vent mxture I's s eated with
respect toof the Sepesheatade Mok tuteh és gmattmnﬁ'randhpdrmhnng; poitheste thieheolvent at

pol ymer - so nt, mxture c S i ficant. anounts of both high and | ow
boi | i ng so%‘mgﬁRhe"CP{eSF‘é'es %{Cﬁﬁ%éhe Lﬂgwgrﬂ"g@@&}ge fupedispied palymer-geivent

pol ymer - sohik@ire will)WelibBut/2 CholBeREXI0°¢ Bighks m%ﬁ)'twe‘»‘wlﬁ g&ﬁﬁ e Gblveny above
the boiling poi nt at atnospheric pressure of the ?1% ol I 1 ng.

sol vent) . a5 AYEPIRESHE Miesere: hWithis ghrmrangel weﬁnnpemtmewfelesmmabmraqhalelmed by

heating t sur.e er heat e d as the

t enper at UP% gﬂfgo@d‘ﬁggﬁﬁgg?mppogga ”él?&%‘g'gﬁ‘ Péeq“&tﬁ "?bi‘?{:iyb@ Frtp' E?Br rent
pressure. preferrd@avitén eis sangeribaatmpériture Bf Ereafe? tmaéra&fuﬁf toZ8boub ‘1'9“11‘ heat i ng,
may be defined as the difference between the equilibriumpressure of the

sol vent i nVithgregispBian o ggual tpabout A meee prefesied pdw instances wherkthesparee of t he

Val e, 1 n PR spenGheRl 1ne A ORrNale BT UE PR i b PRto T om 1 e

pol yner - scit \eastt onei oft the solverttycobpongno Mphiefsiad pblynaRRbveomixdsy ¢ontaist he
heat ed mxturfe so the surrobrwg H‘g pressure |s | ower than the vapor
pressure OB HE0E AmQuts jof Bkt apd. lowhbeiling; selyents, it is sometimes

advantageous to superheat the polymer-solvent mixture with respect to all solvents
present (i.e., above the boiling point at atmospheric pressure of the highest boiling .

solvent). Superheating of the polymer-solvent mixture may be achieved by heating

the mixture under pressure.

Superheating may be described as the temperature a condensable gas is above its
boiling point at its current pressure. The degree of superheat, (P,'-P,), to characterize
superheating, may be defined as the difference between the equilibrium pressure of
the solvent in the vapor phase (P,") and the total pressure in the space of the extruder
where the devolatilization process takes place (P,) as a positive value. In another
embodiment, the flash separation of the solvent from the polymer-solvent mixture
may be accomplished by applying vacuum to the heated mixture so the surrounding
pressure is lower than the vapor pressure of the solvent in the mixture. This method is
also described herein as superheating as the degree of superheat (P,"-P,) is a positive
value. A polymer-solvent mixture that is kept at a temperature below the boiling
point of the solvent at atmospheric pressure can be in a superheated state as long as
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al so described herein as superheating as the degree of superheat (Pl1"-P,)
is a positive value. A polyner-solvent mxture that is kept at a

tenperature below the boiling point of the solvent at atnos pressure
can be i n"P YWY fi¥ated state as long as 23 WO 2005/ 02 FEAL A

PCT/ US2004/ 027605 the surroundi ng pressure is |ower than the vapor pressure
of the solvent at the tenperature of the m xture. When the pol yner-sol vent
mi xture i st swsQndinggpressge 4y dwen Hap henypps @regsurprdsthgr wiveshiat dhe val ve

downst r eampf &ﬁﬁrefb‘?%erﬁ?&%}@r‘ger i f used, or downstreamof the feed tank.
The pressure Control ve preferably has a cracking pressure higher than

at nospheric pressure. The cracking pressure of the pressure control valve
may be seWlanetter poliyoetr-kglvent mirtueel sy paassurizedf yim spdtény may ndomiprsel @t from

bout 1 d h i), (0.07 bout 350 i (25
ot | cn) " aBBvers Bl HaPe dlons et B ek xRS, agd of dopmageemnit
pressure Ofhel ﬁé‘d; tdnRANFH preGHR! cdnroR RAVE p;cqgraBE" has (a7cr9c15|9§ ?Fe@?ﬁre BifgheP®

enpl oyed, with less than or equal to about psi /cn?) “above
at nospheri &apﬂ@sg&nhenm@sw¢ edhe Arasblngr}m%mee(tf the ptessurc hmgrqu anbe msy a

Ki t 35 k f/cne
W th gr aat BF Sl gRca y S2nSpu e 15%y Rl et SoB o) Poupib s pher | o
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prevents evaporat%on of the solvent as it is heated above its boillng

poi nt. TypPEsiure ot gisate thaaqirequeloigabent 5psi (35 ketlem howitly ergsten thanggr
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devol atilizatian extruder ise a side feeder conprising a vent to
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control vajegonalpeea of valve opening actually being used relatxve to the cross sectional area
of the valve when fully opened. The pressure control valve prevents evaporation of
the solvent as it is heated above its boiling point. Typically, the pressure control
valve is attached (plumbed) directly to an extruder and serves as the feed inlet of the
extruder. A suitable pressure control valve includes a RESEARCH® Control Valve,

manufactured by BadgerMeter, Inc.

As mentioned previously, the devolatilization extruder may comprise a side feeder
comprising a vent to aid in the removal of solvent from the polymer-solvent mixture.
The extruder in combination with the side feeder is equipped with one or more vents
in close proximity to the extruder feed inlet, such as a pressure control valve. The
side feeder is typically positioned in close proximity to the feed inlet through which
the polymer-solvent mixture is introduced into the extruder, preferably upstream from
the feed inlet. For example, Figure 6 illustrates an extruder (350) comprising two side

feeders (390) having side feeder vents (400), kneading blocks (360) adapted for
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side feeder is typically positioned in close proximty to the feed inlet

t hrough which the polyner-solvent mxture is introduced into the extruder,
preferably upstreamfrom the feed inlet. For exanple, Figure 6 illustrates
an extr ud™O 2088®@164%onpri sing two side feeders (390) hawcagsidm2feesder
vents (400), kneading bl ocks (360) adapted for 24 WO 2005/ 021649

PCT/ US2004/ 027605 capturing solid polynmer entrai ned by escapi ng sol vent

vapor, an i f K VEV LIS G € : ed:s.n (380) is
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al so cont atomseying sqrew rebeamami(370). 40&X ialed (380p wnsibmaamclosa proximiiP o the460) ,
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at about atnospheric pressure or subatnospheric pressure. Alternatively; a

side feedeadiagdlocks ¢360 mpdinsren cleoteots (480), HE3®)] dud (440)¢o pravédd feltn whi ch
i nst ance tgg? side feeder feed inlet is attached to the side feeder at a

position b€ Ween t he point of attachment of the side feeder to the -

extruder and the side feeder vent. In yet another alternative, the

pol ymer - st {igsbeer fytind fivamgdis ithdt tRelsiae feell by comgtistLe fecdBr €dnt opbtaeh may be
attached to the side feeder, the extruder, or to both extruder and side
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of the extruq&g th?r 62%4 a}f?lE Wi ng hi qher t hr oughput of the solvent- polyner
m xture. TFHACHRCRL of thefude @”5% extiesangythe sidefecgden venth dn ygl #notharew t ype.
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the side freaytherattaghedith¢hessidesfeadery thp iegirydeeyvapo bothex)rudmakd side tfedenai n
channel of the extruder. Typically, the side feeder is equipped with at

the poi nt ISPl SR ehe SRAEPE Sl DENOhE SFt JAGRE & MEhASt ances
in which dipreasufie (CW)ofabou@ove less, plef@MI$dbé R 1278 18k I HE QRS keddr 1S
preferably attached between the side feeder” vent and the point o?
at t achments Bpigalg not heated and functions to provide additional cross sectional area within
the feed zone of the extruder thereby allowing higher throughput of the solvent-
polymer mixture. The side feeder may be of the single-screw or the twin-screw type.
Typically, the twin-screw type side feeder is preferred. The screw elements of the
side feeder are configured to convey polymer (which is deposited in the side feeder as
the solvent rapidly evaporates) back to the main channel of the extruder. Typically,
the side feeder is equipped with at least one vent located near the end of the side
feeder most distant from the point of attachment of the side feeder to the extruder. In
mmstances in which a pressure control valve is attached to the side feeder it is
 preferably attached between the side feeder vent and the point of attachment of .the

side feeder to the extruder.

As mentioned, the side feeder screw elements are conveying elements which serve to
transport deposited polymer into the extruder. In one embodiment the side feeder
screw elements comprise a kneading element in addition to the conveying element.

Side feeders comprising kneading screw elements are especially useful in instances in
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side feeder to the extruder. As nentioned, the side feeder screw el enents
are conveying el enents which serve to transport deposited polyner into the
extruder. D odi ment the side feeder screwele i, i a
kneadi ng g{(gw&?{ﬁngﬁbaddi tion to the conveying el enent. W?@@%@g
conprising kneading screw el enments are especially useful in instances in 25
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fl
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I ncl ude a tw n-screw counter-rotating extruder, a twi n-screw co-rotating
extruder, ThéieR@hder Y6EEH etmhetHed an@syslerf imigl CorfifiisRVeny! GhRT OF dairelg,
extruder. A preferred extruder is the co-rotating, interneshing (i.e. self
wi pi ng) t white 9 sergveslementeretc. a5 lome ap s genfigired fonhprogidersyffigiens vefumeabl y has
a set barr g y -1h or
equal to agdéuéa%ggegé?é rﬁ‘ﬁl&oggﬁg&ng%&%%eaaﬁtwéﬁg&theeg? ?&%&Q@o(%%};o?ag’gggth&erla?gd
zones. | n mneaikngadilveant , Exémplagatertudedndaclode tah ewinesciew derunter-eotayrgy at ed at

one or nore tenEeratures of 190C to apout .4Q0C. The eggressi,on] wherein the
ext ruder i%XtBJ;S’Q Bt1en-sgrey COEAIEPS X UICHA SIRBITSETEW LFFUECT4OESINBIESERY t o t he

heat ed zonggimbcatilg efildet A preferrel ek iHide R TodBfih R 3ht Estind i Wdgdir may
conpri se bot W(Picge{tgg ana3 un %rgt eé zones. ! &lltéhi (r?etaﬁ?lg’ ergggdsl me {] t he

t enper at ur wiping) tvhesdreateruludeones may be greater than or equal to about
200C, preferably greater than or equal to about 250C, and even nore

pref er abl ylrpgl%aérr%odt]nqgrrl}, e e%%‘ldgcler ;;rgfe%%?yuflas a3 (s)e(%%arrel temperature greater than

190°C, preferably greater than or equal to about 200°C. 1In one embodiment the
extruder comprises heated zones. In one embodiment, the heated zones of the
extruder are operated at one or more temperatures of 190°C to about 400°C. The
expression wherein the extruder is operated at a temperature of 190°C to about 400°C
refers to the heated zones of the extruder, it being understood that the extruder may
comprise both heated and unheated zones. Within this embodiment, the temperature
of the heated zones may be greater than or equal to about 200°C, preferably greater
than or equal to about 250°C, and even more preferably greater than or equal to about
300°C.

In general, as the feed rate of the polymer-solvent mixture is increased a
corresponding increase in the screw speed must be made in order to accommodate the
additional material being fed to the extruder. Moreover, the screw speed determines
the residence time of whatever material is being fed to the extruder, here a polymer-
solvent mixture. Thus, the screw speed and feed rate are typically interdependent. It

is useful to characterize this relationship between feed rate and screw speed as a ratio.
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In general, as the feed rate of the polyner-solvent m xture is increased a
corresponding increase in the screw speed nust be made in order to
accomopdate the additional material being fed to the extruder. _Moreover,
the screw speed determ nes the residence tinme of whatever material is
being fed to the extruder, here a polyner- solvent m xture. Thus, the screw
speed and feed rate are typically interdependent. It is useful to
characteri zeV® MOg024@P at i onshi p between feed rate and ZETERWIGH2WOF as a
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whi ch due to the presence’ of e af orenenti oned ven upstream ext ruder
vent and/ or gtpa@vqnégﬂ'@yed\,t@ﬁb? unsHsATheny downstream vent, and/or side feeder vent.

The vents may be connected to a solvent removal and recovery manifold comprising
solvent vapor removal lines, a condenser and a liquid solvent receiving vessel. Any
solvent collection system known in the art may be used to effect the solvent recovery

via the vents.

In one embodiment the superheated polymer-solvent mixture passes through the
pressure control valve into the feed zone of the extruder, which due to the presence of
the aforementioned vents (upstream extruder vent and/or side feeder vent) may be at
atmospheric pressure. The solvent present in the superheated polymer-solvent
* mixture undergoes sudden and rapid evaporation thereby effecting at least partial
separation of the polymer and solvent, the solvent vapors emerging through the
upstream vents. Additionally, the extruder is equipped with at least one downstream
vent operated at subatmospheric pressure, which serves to remove solvent not
removed through the upstream vent and/or side feeder vent. One downstream vent
may be used, but preferably at least two downstream vents are used. Generally, from
about 50 to about 99 percent, preferably from about 90 to about 97 percent of the
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at nospheric pressure. The solvent present in the superheated
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extruder. equal to about 400 mm of mercury of vacuum.

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

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

In one embodiment, anti-solvent is added to the organic phase containing the

‘ poly(arylene ether) to create a partially precipitated slurry which is then fed to the

devolitilization extruder.

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

with the extruder via a pressure control valve attached directly to the extruder.
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I n one enbodi ment, anti-solvent is added to the organi c phase contai ning
the poly(arylene ether) to create a partially precipitated slurry which is
then fed to the devolitilization extruder. In one enbodi nent the

pol yner - swbwessroznésst ure i s i ntroduced i nto an evapor at opCTAS2004/617663 at i on
apparatus, or a second extruder to concentrate the polyner-solvent m xture
prior to its introduction to the extruder. The evaporator, distillation -
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range, the weight percent of polymer may be greater than or equal to about 5, with
greater than or equal to about 20 preferred, and greater than or equal to about 40

weight percent based on the total of polymer and solvent more preferred.

Polymer-solvent mixtures comprising less than about 30 percent by weight solvent are
at times too viscous to be pumped through a heat exchanger, one of the preferred
methods for superheating the polymer-solvent mixtures. In such instances it is
possible to superheat the polymer-solvent mixture by other means, for example,
heating the polymer-solvent mixture in a extruder, or a helicone mixer, or the like.
The polymer-solvent mixture may be superheated by means of a first extruder. The
superheated polymer-solvent mixture emerging from the first extruder may be
transferred through a pressure control valve into a second devolatilizing extruder
comprising a vent operated at subatmospheric pressure, optionally a vent operated at
about atmospheric pressure, and a side feeder comprising a vent being operated at
atmospheric pressure. In one embodiment, the die face of the first extruder may serve
as the pressure control valve, which regulates the flow of superheated polymer-
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met hods for superheating the pol yner-solvent mxtures. In such instances it
is possible to superheat the polyner-solvent m xture by other neans, for
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at nospher i subdaandsphériy ot imospheriv akbnte forrthe retudlal shievidnil.solMeat. SHeosedondext r uder

may be closely coupled to the injtial extruder therehy avoi ding an
[ nt er medi aPETdeE MY &e sisElY ccmpled iy the dpiial 'ﬂ’fH“&Fs’egt?fe%é{ QWIdNG &t r uder

inthis L4 j 1 i G [ ; ' i gheh
t e oughput Ly ediatt R3AR6H Al e AN Siof. A1kl 18 APOLEGNI btk s |
ext ruder i manmsuf especably beoefandi dwvipgt dperatide st thégh thooughputetatesf whers ititbual

solvent. The., second ruder na O‘Be .any, vented. extruder such as a vented
Fui 1 sor eulPSHTREGIE St RGO HBE il EFOKE dse LIt S SEhess 48 ng
extruder, gesusdleN RVAILET&TRRIVsENEAMUAThe REordl ¥RARRE ity I8k em§Ci&ied
reci procating extruder. The term vented extruder neans an extiuder
possessi ngextuder such as a vented twin-screw counter-rotating extruder, a vented twin-screw
co-rotating extruder, a vented single-screw extruder, or a vented single-screw .
reciprocating extruder. The term vented extruder means an extruder possessing at
least one vent, the vent being operated at atmospheric pressure or subatmospheric
pressure. Where the extruder comprises a plurality of .vents, some vents may be
operated at” atmospheric pressure while others are operated at subatmospheric

pressure.

In another embodiment, isolation of the poly(arylene ether) from the organic phase of
the reaction mixture comprises pre-concentration (partial evaporation of the solvent)
and devolatilization extrusion steps. During pre-concentration, a major part of the
solvent in the organic phase is removed by concentration processes and equipment
described above, such as flash vessels, distillation systems, and the like. The solvent
may be evaporated, preferably at an elevated temperature, for example in the range
from about 150 to about 300°C, more preferably in the range of about 180 to about

260°C, and/or elevated pressure, for example in the range from about 2 to about 75
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| east one vent, the vent being operated at atnospheric pressure or

subat nospheric pressure. \Were the extruder conprises a plurality

of .vents, sone vents may be operated at * atnospheric pressure while

ot hers arwopev@teld at subat nospheric pressure. |n anoPOEmUsSaeeioziicoent

i sol ation of the poly(arylene ether) fromthe organi c phase of the
reaction m xture conprises pre-concentration (partial evaporation of the

sol vent)  baif ntbey Preferiablyz af ihenraggé ofiabom 5tepdoutDR0 ibag [Are-cenvefgaionat i on, a
maj or part of the solvent in the organic phase is renoved by concentration
processes KAWVE[abPHehto abad g B@Ge’&lﬁfv‘ée S§l)’@l‘|t BESS¢Nt 48 1the; @sgajcsphase.
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preferably at an el e ated tenperature, exanp rang ee(agrom about
150 t o abotetab80I08T) percent, qmdeﬁmainéfyrab}y lbsh;etharac_xgﬁ]mf toadbout 7(156}c¢rm ofitheut

260C, and/or, el evat ed sure, for. exappl e in the rapnge.fromapout 2 to
about 75 %%V%'Sszé%qvﬁgfmd@ -CORSIIRDA &Y J?B’Gé aﬁje"ollﬁf’g\%atﬂﬁ‘b?’éﬁ’élﬂ“ % n the
range of aRaisve thelresidRubiveqd, bar. Pre-concentration renoves about 1 to
about 99 percent of the solvent present in the organic phase. Wthin this
range |l ess than or equal to about 90 percent, preferably |ess than or equal
to about 8 grereshedimentatheorganjsr pifase, atdligh iney be preaconsenteted;lis heatedlemdt 70
percent of _th olvent is renov e-concentration is fol|owed. by

devol ati | |'?3'P§‘6’?$%e§tt F‘uéﬁmﬁm[“g‘e s'ﬁﬂﬂﬁ\‘} 9 t%%cnlﬂt@‘gi ﬁl?afsoga('}f’ge‘ﬁﬁmlaf‘ﬁe%w&

enbodi m?ngpro&é%? BleBiill Map B pRsfoMhedChy HRYisb 8f REReCRRREHL VRLAS shiifafipat ed and
mai ntained at a tenperature sufficient to facilitate the isolation

devol ati | i the hest exq&wmgsand tesliken gWhery thg ergaeid thase:ts dopcentrstedde carftaineat ed

t ank t ha Wh th
o ani o prEA8! dan BRE 10 PO W RFe DR AR ERBLGFIR i KA G cant by
wei ght  sol éthis) hrakdvent) théeonsentediéd erigaitib phaxe Inydycbeheand byad fiet ¢xtasder, a0l vent,

t he concemrat ed organic Ehase may be heated by a first extruder, a
hel i cone nicligpne Pixef i the ke Ima'h?ﬂ‘eéfﬂ%té’ler?aﬁod@%sﬁbélofﬁﬂﬁtc phasemey gani c

phase nay slﬁgerhééi&%ﬂf‘e%%daﬁ% ?@SCI’I bed above. In another enbodi nent, the
organi ¢ phaSe conprising poly(arylene ether) obtained fromthe

pol yneri zation process is filtered prior to its introduction into the
devol at i | ilnaanother exbpdigent, the of ganabplast lwenipiiking gtol y(arydsnet ethier) sbiainelli ne
connect i ng. a f%ed o . . o L
om theé “polymerization process is filtered prior to its introduction into the
devolatilization extruder. Preferably the filtration system is in-line connecting a feed
stream of the organic phase containing poly(arylene ether) from a reaction vessel to a
devolatilization extruder. The feed stream may optionally be concentrated by a.
concentration means to increase the percent solids Jevel of the poly(arylene ether) in
the organic phase. If the polymer-solvent mixture is superheated prior to its
introduction to the devolatilization extruder, the filtration may occur prior to or after

the superheating step.

In another embodiment, the devolatilization extruder may comprise a melt filtration
system to filter the melt of poly(arylene ether) as it is extruded. The melt filtration
system aids in the removal of any black specks and particulates that may have formed
during production or processing. Any suitable melt filtration system or device that
can remove particulate impurities from a melt may be used. Preferably, the melt is
filtered through a single melt filtration system, although multiple melt filtration

systems are contemplated.
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stream of the organi c phase containing poly(arylene ether) froma reaction
vessel to a devolatilization extruder. The feed stream nay optionally be

concentrated by, a. concentration neans to increase the percent solids
level of Mk é?’;}f‘gryl ene ether) in the organi c phase. NGT/Y§a04/027605

pol yner-sol vent m xture is superheated prior to its introduction to the
devol atilization extruder, the filtration n’iﬁéoccur prior to aqr after the

super heat i RgtENemeltifiiraton sysiemsipgiudembiers made fin g el olampisHalg uder may
conprise a,dTght eiamtpgefjgtedéé}eqr Rl mag g,refsh lof ‘§5re&rﬂeﬁb@3Heta‘?ffgﬂcge)’a(nﬁ%,y&ed‘e

ether) as It I's ex he nelt fration 'systemaids in the renoval
of any bl ackmipsttdosofathd foeagbinguhatesslst fvak thedikeh aRetiéudanhe dsefdufiiterg are

production .or processing. y.suitable mel.t filtration stem or .device
Phat can PBlEe st 41 srBbiTHEunER: SebPybmnctdine R TbE Fepged B
Preferabl ypathecdipératibs filtered through a single nelt filtration system
al though nmultiple nelt filtration systens are contenplated. 31 WO

2005/ 021649 PCT/ US2004/ 027605 Suitable nelt filtration systens include
filters nadayfseometryvefr meltyfilisr may dei eded gclvdingador exampds.aeamiee plesiedt er ed

netal, netal h,ory screen, fiber netal felt. cerapic, .or a,.cC i nation
0 the T or SipalE-Sihetd ad SifSiouid, SGkar®r s RimbiRatan ETHERSeouth et TR o by e
sintered nmetal filters exhibiting high tortuosity, including the filters

prepar ed b¥he MeltlfilEatidosydleiomay Aoipt SOaediitituehs §68den dhahdifg filkeyolisatéls ed

I ncl udi ng, for exanple, cone, pleated, _candle, stack, flat, w aparound,
screens, alibeii Feit S*Gmpbe. qonbnyays esgeren changiae Hiery may inglyde 1#enibbam o r at i on
Syst em mays£oRPiile: fhd i€ ABYIHRNY SE6iRGRe HRARTHel hbivah o oBAKED Tid It ers.
For exanpl e, continuous screen changing tilters nay Include a ribbon of
screen fil fiker dollatts iparteblatd impuaitise ovithef thean¢lhehjrhtdre tfenacarmiddt odtlodwthé n t he:
ext ruder. Thed fi I.t&]es1 (ﬁl I e.%i)s partjculate ippuriti s_&:ithi n the me*t whi ch
are then cBIFIEY VYt theiteh &10dRR @5 Hyls, CARPPEPUSHerPPYVEE VI $ BB SgEliqn ©of s

cont i nuouskypgnenewed wi th a new section of ribbon. The pore size of the
melt filter may be of any size ranging fromabout 0.5 mcroneter to.about
200 microneters. Wthin this range, a pore size of |less than or equal to
about  100The peresizeof theomelt Glieranpy bg efianyizdrangiog fromaabat Odgmicromefembout 50

m cromet er f about 200 micrometers. Within this range, a pore size of less than or equal to about
100 micrometers can be employed, with less than or equal to about 50 micrometers
preferred, and less than or equal to about 20 micrometers more preferred. Also within
this range a pore size of greater than or equal to about 1 micrometer may be used,
with greater than or equal to about 7 micrometers preferred, and greater than or equal

to about 15 micrometers more preferred.

Upon extrusion from the devolatilization extruder, the poly(arylene ether) may be
collected in the form of pellets. The polymeric material may be pelletized by any
method known in the art. For example, strands of polymeric material extruded from
an extruder or similar device, may be cooled in clean water baths or cooled by water
spray, chopped into pellets, and dried. The pellets formed may be dried using
techniques standard in the art including centrifugal dryers, batch or continuous oven
dryers, fluid beds, and the like. A preferred pelletization method employs an
underwater die-face pelletizer system. A suitable method of pelletizing is described

in United States Pat. No. 6,372,175. Useful pelletizing machines, including die-face
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preferred, and |l ess than or equal to about 20 microneters nore preferred.
Also within this range a pore size of greater than or equal to about 1
m crometer nay be used, wth greater than or equal to about 7 mcroneters

pr ef er r edyoang@/ogi@at er than or equal to about 15 m cr opet/es0NVL7605
preferred. Upon extrusion fromthe devolatilization extruder, the
poly(arylene ether) may be <collected in the formof pellets. The polyneric

materi al nRyleRgerpehleeldséRbkd ¥n aitedBIAQM PhiNONES, I31973h@9(ﬁr4 4215970, &anp! €,
strands of polymeric material extruded from an extruder or simlar device,

may be coo},6@l,7¢0.cl ean water baths or cooled by water spray, chopped into
pellets, and dried. The pellets formed may be dried using techniques
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is described in United States Pat. No. 6,372,175. Useful pelletizing
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and 5, 607, généra e used In any of t I systens
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tenperature of the extruder or at_a, nperature hjigher than that of the
mel t t enpeleaTGRter Ban of €qapd|tg pbpytc2 m,eprﬁfﬂrablmter dhagy ora¢apabijocabioyt sed, the
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caet o Tt oufd et B o e, B e e "

or equal t%

| engt h, g{é&ﬁ@r thﬁﬂ&téﬁuﬂf totaBGut@lluﬁes M3y be Q%daQQHtgi{léate%rQhﬁb&@qUQiQO bboRS the

dianeter of the hole.” Wthin this range, [ eng greater than or equal
to about Z timegegpreferyedoeAlsoedithinithis rgngeas dengtthanless t}mqtml equal wbabouit 84 ti nes

P e oy s (et obith oot PR BroaB0on0 6 i arora o by BBbariofen ny
nunber of hol@p%ﬁdi%&ﬁa)db@us(&}’blheaMﬁg@bfé&bﬁrmf@élﬁ%t%kﬁgévﬂ%hl nhB@r gedpout 70

ki | ogram per hour per hole is preferred thi's range, a
nunber of hgletkedi/helehis psefemedial 1tbm this range, a number of greater than or equal to

about 15 kg/hr/hole may be used, with greater than or equal to about 20 kg/hr/hole
preferred.  Also within this range, a number of less than or equal to about 60
kg/hr/hole may be used, with less than or equal to about 45 kg/hr/hole preferred. The
shape of the hole may be of any shape, such as round, oval, square, rectangular,

triangular, pentagonal, hexagonal, and the like, but a round shape is preferred.

In one embodiment, any or all of the water used in the pelleting processing, such as
for the cooling baths for the pelletizing or optional washing spray, is purified prior to
use to remove impurities and contaminants. Methods of purifying the water include
processes such as, filtration, reverse osmosis, electrolytic deionization, combinations
of the foregoing processes, and the like. The water may be filtered using filters
having pore sizes of submicrometer or micrometer sizes. In one embodiment, the
water for the water baths and spray may be collected and recycled preferably after

undergoing a purification process to remove contaminants.
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about 15 kg/hr/hole may be used, with greater than or equal to about 20

kg/ hr/hole preferred. Also within this range, a nunber of |ess than or
equal to about 60 kg/hr/hole may be used, with |ess than or equal to about
45 kg/ hr/ N 0Pt red. The shape of the hol e may be JRCTAVSPOMMRAYS such
as round, oval, square, rectangul ar, triangular, pentagonal, hexagonal,
and the Ilke but a round shape is preferred. In one enbodi nent, any or all
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In one embodiment, additional precautions may be taken to exclude oxygen from the
devolatilization extruder and from contact with the hot polymeric material as it
emerges from the extruder dieface. Such precautions may assist in preventing
discoloration or the formation of black specks, especia]]y for the poly(arylene ether)
which is known to darken or otherwise degrade at high temperature in the presence of
oxygen. Steps which may be taken in order to preclude the entry of oxygen into the
extruder, or to preclude the exposure of the hot polymer melt emerging from the
extruder dieface to oxygen include; wrapping external parts of the extruder with
cladding and supplying the cladding with a positive pressure of nitrogen, enclosing
with a housing supplied with a positive pressure of inert gas those sections of the
extruder subject to the entry of oxygen due to the action of vacuum vents, enclosing
the entire extruder in an enclosure supplied with a positive pressure of nitrogen, and
the like. Additionally, steps may be taken to degas the solution of polymeric material
prior to its introduction into the extruder. Degassing may be effected in a variety of
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material. In one enbodi nent, additional precautions may be taken to excl ude
oxygen fromthe devolatilization extruder and fromcontact wth the hot
polynmeric material as_it__energes fromthe extruder dieface. Such
precautions may assist in preventing discoloration or the formation of

bl ack specks, especially for the poly(arylene ether) which is known to
darken or otherw se degrade at high tenperature in the presence of oxygen
St eps whi ch WanipopR1¢dken in order to preclude the ent PETAS2000¢6M i nto t he
extruder, or to preclude the exposure of the hot polynmer nelt energing from
the extruder dieface to oxygen include; w apping external parts of the
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pol y(aryl ene vessHlesijosgand gelliké.ar yl ene et her) solution is preferably clean
and substantially free of particulate inpurities. Such equi pnent may be

from such di var aaciitedMBerds, theNlatlid YRS ffhed GRH %fet irpge?argtiicjnt 6F »thd?! UNDI NG,
precipitate dri/er, devol atili zation extruder, pelletizer, transportation
vessel s, packalyianygenesthsn max be {lieredto sgmgve partioigieiimpyatiesiakany siage idkecr i bed

herein, the QrdeRipfomdaRgsdlMbABLnE ﬁ@f(_hrtyﬂﬁe Rﬁe‘?j?al‘{l?ééogfgmgfateﬁ R&cinRR) Y(aryl ene
ether) may be filtered to renove particCulate Tnpurities at any stage in the

process pri ommdhedt peremeyng rRLlEe ImpIitisy o el ayiencertirey that Ims deen _
cont enpl at ed phakQhttd. a8GitablPaAMRAS ifefudé REPRitdAg RR ol yEki 18 PRIt €S fFom
pol y(aryl ene et her? t hat has been: .

a melt filtration system. In another embodiment, the poly(arylene ether) may be

dissolved in an appropriate solvent to form a solution, filtered, and isolated from the

solution by methods similar to those described previously for the isolation of

poly(arylene ether) from the organic phase of the reaction process.

Figure 2 provides an exemplary process of forming: poly(arylene ecther) (as a
poly(phenylene ether), PPE (180)). A solvent (110) and a catalyst (112) are charged to
a clean reactor while feed streams of a monohydroxyaromatic compound (111) and an
oxygen source (113) are fed to the reactor (100). When a targeted molecular weight is
achieved, the addition of the oxygen source is ceased and a chelating agent is added to
the reaction solution to poison the catalyst. The aqueous phase, containing chelated
catalyst, is Separated from the organic phase, containing poly(phenylene ether) and
solvent, via a liquid/liquid separation means (120). The organic phase is optionally
concentrated (130) followed by precipitation of the poly(phenylene ether) (140). The
precipitated poly(phenylene ether) may be reslurried with an anti-solvent and

separated by a solid/liquid separation means (160). The isolated precipitate is then
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pre-isolated. Suitable nethods include nelt filtering the poly(arylene
ether) through a nelt filtration system |n another enbodi nent, the
poly(arylene ether) nay be dissolved in an appropriate solvent to forma
solution, filtered, and isolated fromthe solution by nmethods simlar to
t hose described previously for the isolation of poly(arylene ether) from
the organic @hase of the reaction process. Figure 2 prOV|des an exenpl a

ry
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ether) and po"l"&?(eg‘l“{i'é’\ﬂlw ymerizatiof i‘c‘ﬂga"h@ﬁetaf’t?ﬁébbyﬁ‘f é‘g'pC‘Wég/or bot h of
the starting dmnmﬁmmrﬁalkeh?le:rmny(xﬁh()fh@ﬁ@vmgahmm):tuﬁr(ﬂl)pol y(al kenyl
aromatic), may be purified prior to the formation of the mixture of the
t wo corrponent?re he term poly(al kenyl aromatic) resin as used herein
i ncl udes pol yfrerg ‘Prepared by net hods known in the art including bulk,
suspension, a n&l,m on polymerization, which contain at |east 25% by
wei ght of stru Jani t's der@ed from an al kenyl aromatic nononer having
the structure (111) R -C=CH2 wherein R is hydrogen, Cl-C8 alkyl, or
hal ogen; Z' is vi nyI hal ogen or Cl1-C8 al kyl;

wherein R' is hydrogen, C)-Cs alkyl, or halogen; Zl is vinyl, halogen or C,-C; alkyl;

and pis O to 5. Preferred alkenyl aromatic monomers include styrene, ch]orostyrene
and vinyltoluene. The poly(alkenyl aromatic) resins include homopolymers of an
alkgny] aromatic monomer; random copolymers of an alkenyl aromatic monomer,
such as styrene, with one or more different monomers such as acrylonitrile, butadiene,
alpha-methylstyrene, ethylvinylbenzene, divinylbenzene and maleic anhydride; and
rubber-modified poly(alkenyl aromatic) resins comprising blends and/or grafts of a
rubber modifier and a homopolymer of an alkenyl aromatic monomer (as described
above), wherein the rubber modifier may be a polymerization product of at least one
- C4-Cyo nonaromatic diene monomer, such as butadiene or isoprene, and wherein the
rubber-modified poly(alkenyl aromatic) resin comprises about 98 to about 70 weight
percent of the homopolymer of an alkenyl aromatic monomer and about 2 to about 30
weight percent of the rubber modifier, preferably about 88 to about 94 weight percent
of the homopolymer of an alkenyl aromatic monomer and about 6 to about 12 weight
percent of the rubber modifier. These rubber modified polystyrenes include high

impact polystyrene (commonly referred to as HIPS).
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and pis Oto 5. Preferred alkenyl aromatic nononers include styrene,

chl orostyrene, and vinyltoluene. The poly(al kenyl aromatic) resins include
honopol yners _of an al kenyl aromatic. nonomer; random copol yners_of an

al kenyl aromatic nonomer, such as styrene, with one or nore different
mononmers such as acrylonitrile, butadiene, alpha-nethylstyrene,

et hyl vi nyl benzene , divi nyl benzene and nal ei ¢ anhydri de; and

rubber - nodi W@¥WOPBI al kenyl aromatic) resins conpri sPEHUSNEAIBOSaNd/ or
grafts of a rubber nodifier and a honopol yner of an al kenyl aromatic
nononer (as described _above), wherein the rubber nodifier may be a

pol ymeri zat i ghe pely@lreny! aromatic) resins else sludemoncelastonsmabloskeopdyaerd ier monorrer

such as but adksfe iblokis QRBISE ancidltvloek Sopdlyhiea ofrskl,bé?,%ranm JofyloRfln.
pol y(al kenyl aromatic) resin conprises about 98 to about 70 'wei ght percent

of the honopdloPneastasierighlogh copphymergoBRastiens fbiyrsand hefadigns gan aisottli about 30

wei ght per cemgedohattHage rm@abslbcmshléutﬂﬁck oprcﬁs‘e&a c’blnicy cBfPHhler 8Rhfi@nakout 94
wei ght percent of the honop ol yner ené5f aromati ¢ mononer and about

6 to about 1XhrEmdghe “‘aﬂéel"&éﬂ'fpoﬁ?"tfst%esr"'ﬂb'ﬁé‘fa weaght pererdt eTheyiBiSer modi fi ed

pol yst yr enes commbididBy IavaﬂlhblelffEEﬁQJchm alid BNRtofied ARy theLfrRlchedl t0 as -
H PS). 36 WO ﬁ%gé@\?ml PCT/ U82$04/ 027605 The pol y(al kenyl aromati c)
resins also I @Rd &hgwen, kbilkns Ghegigal EBBB?")’H\WE’ the graderpagly Ks1 e di bl ock,

tribl ock, an@esmNs.i bl ock copol yners of styrene and a pol yolefin. Non-
el astoneri c bl ock copol yner conpositions of styrene and butadiene can -al so

b dth d K |
e usedt atT p%lg?ahéeé}ﬁ i orrpablc 1es ind %‘g lso mc?u € b? ck CBE Zg"g?ﬁ g‘g"i"i}g gggu%/ngg

architectures rene’ ESRPENent
wei ght per cene¢lyolgfirepethyle med@nvbtem etbécyallay aolly(atykeae—imelbutsdxeh-bemapﬂnl es as

At of i |
plof e 2 uelchE SESTI (BRAERCE, AT, SO Bihgs, £er cal
may al so i ncpeldeutdsienekand spwslioactic Qoloﬁletd;vlymeh@rylml $BMeblock- copblyyiers

e yar| SEySRRESLA AR R0 Reb AR ARIDEL Arbe 151 Ritheoof™, hacr vl ate

(SBM avail able from Atofina-conprisih ks 0 t'ené,
pol ybut adi enénd &F&28¢ndi ot acti ¢ pol ynethyl nethacrylate. SBM bl ock
copolynmers available from Atofina include AF- X223, AF- X333, AF-X012,

AF- X342, AF- X0B#ferred@lyfifke¥A5ftomatic) is a homopolymer of the alkenyl aromatic

monomer (1) wherein R' is hydrogen, lower alky! or halogen; Z' is vinyl, halogen
or lower alkyl; and p is from O to 5. A particularly preferred homopolymer of an
alkenyl aromatic monomer is the homopolymer derived from styrene (i.e.,
homopolystyreﬁe). The homopolystyrene preferably comprises at least 99% of its
weight, more preferably 100% of its weight, from styrene.

The stereoregularity of the poly(alkenyl aromatic) resin may be atactic or
syndiotactic. Highly preferred poly(alkenyl aromatic) resins include aAtactic and

" syndiotactic homopolystyrenes. Suitable atactic homopolystyrenes are commercially
available as, for example, EB3300 from Chevron, and P1800 from BASF. Atactic
homopolystyrenes are sometimes referred to herein as “crystal polystyrene” resins.
Useful syndiotactic polystyrene resins (SPS) are available from The Dow Chemical
Company under the QUESTRA trademark.
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A preferred poly(al kenyl aromatic) is a honopol yner of the al kenyl aromatic
monomer (I11) wherein R is hydrogen, |ower alkyl or halogen; Z' is vinyl,
hal ogen or lower alkyl; and pis fromO to 5. A particularly preferred
honopol ymer of an al kenyl aromatic nononer is the honopol yner derived from
styrene (i.e., honopolystyrene). The honopol ystyrene preferably conprises

at least 99%of its weight, nore preferably 100% of its weight, from
styrene. The&lgtzg)i’/ Bf8gularity of the pol y(al kenyl aronﬁT{‘@}‘%f@gﬁoﬁ may be
atactic or syndiotactic. Highly preferred pol y(al kenyl aromatic) resins

i nclude atact4 ' [ : ' tic
honmopol yst yr eﬁ%ﬁ g}?ﬂ éke@g%@%?g%g hg%\%ﬁ%%f%%%ggﬁ%ﬁ 'ﬁgllx%ﬁ%it g)f ?@85300 from
Chevron, and 39180004.00mt@aSmmassummas t(éreu) ahd avysizhly svesege mekcdareveaghtref | nes

referred to hgp&i19.068300do¥Si@l Pol ystyrene" resins. Useful syndiotactic
pol ystyrene resllﬁns’ (SP%H are avail abl e from The Dow Cheni cal Conpany under
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system The pol &Fal enyl ether) nm isqglated directly or the solution of
the filtered 'B'ESTY‘ (QFI%E%JW"aP‘ﬁH%‘Ff c%ayrrgfl ! ‘gatﬁdorﬂ?i ﬁeﬂ‘e(cﬂ”t’% HOPYimstty | ene
ether) and a cofiitmeiciall@ a@dilablb @oliyiatked ayoiatid isyd Refoins @lpaty@ehlenkRihanpr ef erred
enbodi nent, ¢ rcially.avail abl e. pol y(al kenyl .aromatic) i s, used to form
-a pol y(aryl eﬁ@g'gaﬁq?%gﬁ) ?'OB%V@( H’I”if‘érﬁywltlg’f’br?&?'i @)’“gﬁaﬂ?’hr"gﬂ b?ft%f’&ﬁ’slkwli or

puri ficati on admdtithhe pol y(al kenyl aromatic). As nentioned previously in
regards to Figure 1, the conponents that make up the poly(arylene

et her) - pol A r iR i i al be .c in t oget her
o ey homberesiond" SEREin ROTSD i, S BimolieicORaCRR G 1 DI5
aromatic) nmayobérdensbithrstipdylalkeryb apwiagicepdlpnarist wateddl maobatcebinéd om t he
sol ution I ekt infshy SLABf Sl Sl BPDOHKASAE B LSy Bfenft?! ¥ (21 KEnY!

aromatic) ma _ ) .
aromatic) may be combined and the polymeric material isolated from the solution

mixture. Alternatively, solid poly(arylene ether) or poly(alkenyl aromatic) may be
combined with a solution of the other component. The solutions comprising an
independent component may have been prepared from isolated material or are feed
streams from a reactor or reaction solution. In another embodiment, solid
poly(arylene ether) and poly(alkenyl aromatic) are compounded and melt blended to
form a melt mixture. As described above, the starting components may have been
purified prior to combining the two components. A solution containing the combined
components may itself be filtered prior to isolation of the blend. Each general
combination process, their variations, and other embodiments will be described in

more detail below.

To form the solutions of the components, the poly(arylene ether) and/or poly(alkenyl
aromatic) is combined with an appropriate solvent with mixing and optional heating.
The mixing of the poly(arylene ether) and poly(alkenyl aromatic) in solution provides
for the uniform and efficient dispersal of the components. The poly(arylene ether)

used to make the solution may be from any available source or form such as pellet,
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conbined with a solution of the other conponent. The sol utions conprising
an independent conponent nmay have been prepared fromisolated material or
are feed streans froma reactor_or reaction solution. In another.

embodi ment, solid poly(arylene ether) and pol y(al kenyl aromatic) are
conpounded and nelt blended to forma nelt m xture. As described above,
the starting conponents may have been purified prior to conbining the two
conmponent s. WA Me¥0ats#on cont ai ni ng t he conbi ned conpoPEkURIMAT605t sel f be
filtered prior to isolation of the blend. Each general conbination
process, their varjations, and ot her embodinents wll be described in nore
detai | bel owPoudsrsilkenapd, e dike: or iimsolutig ag f Bodeshfrsth elfreg “’c"héreﬁfff”y‘(’aryl ene
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make the sol Suitabie solgntdfer hseaomakeythesohitibastilf golg@tytene etber) 5xﬂrpmy(§xﬂ}@hylas pel let,
38 WO 2005/ 071649 S20 4/0 48 ke nd .t or in
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solvents for use 't e solutions o er) and
pol y(al kenyl ortlag- @dﬂ@rphp)lzqnncdhtod@eazehfalao@Gwdtked Samhlmhal@gemﬁdv@imhqtlca
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non- hal ogenate ic s dble
hal ogenat ed ardthgt W@ s 8hitablet nonihalokendied aramatie xsalvpite inchulk.ofve vxan@s,

ort ho-di chl of, we&eenecQg%@b%z&mm@a&&a Canla! $8 - e fsﬂ.EJberhé}l ogenat ed

aliphatic solvents i1nclu exa | oroform net ne chl ori de,
1, 2- di chl or o&alpgeAgied aliphatict sedvents lirsluds for gisimpleneshyd ha¢t§ge4¢9tt)@d and theat i c

sol vents i ncl Héjel‘hegﬁ{/en??ﬁ tﬁe san#@ %Q@le p&l%&?gﬁon s%SNJalg @ﬁ?loye%rﬂl ﬁl@l e,

ni trobenzene, . and li'ke. Ult | e non- ogenat e I phatic sol vents
i ncl ude, for P@ﬁ%ﬁ%@@ﬁ&thea@l&aa@@e etaeféfeé‘ﬁé"d/%mhiﬂnohéalkqnvll@éomaﬂhb sol vent may
be the sane type as the polynerization solvent enployed in the process of
produci ng t h@hgaluipapepaaemey Isreecsf)any perbent adightQevel h@oméryx(e.aé dﬂ%ﬁ)ydndaf omatic).

Z? ﬁ e?? | g}]hon (3 f?ceny aromagc)l%o saven?r%t Renﬂ;g'earllsto lyéetlmgored tloanlow for efocner}/ (arylene

filtration of the solution based on the particular filtration system to be used. Suitable
solutions may have a percent weight of about 1 to about 99 weight percent solids
based on the total of the polymeric material and solvent. Within this range a weight
percent of less than or equal to about 90 may be employed, with less than or equal to
about 80 weight percent preferred, and less than or equal to about 70 weight percent
more preferred. Also within this range a weight percent of greater than or equal to
about 30 may be used, with greater than or equal to about 40 weight percent preferred,

and greater than or equal to about 50 weight percent more preferred.

The solution may be heated prior to and/or during the filtration step. Suitable
temperatures of the solutions prior to and/or during the filtration step may be of about
10°C to about 250°C depénding upon the particular solvent used. Within this range, a
temperature of less than or equal to about 200°C may be employed, with less than or
equal to about 180°C preferred, and less than or equal to about 130°C more preferred.

Also within this range, a temperature of greater than or equal to about 50°C may be
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pol y(al kenyl aromatic) to solvent, but it may also be tailored to allow for
efficient filtration of the solution based on the particular filtration

system to,he oSuitable solutions may have a perce f . about
t o about 38)20 ‘?gzggwper cent solids based on the total rl’tct 29&1}02? Tic

material and solvent. Wthin this range a weight percent of Iess t han or
to bout 80

equal to about 90 may be enpl oyed, th |es I
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t han or ed. and gisosAlutigos %ﬂtélfeér&te%imoéwmﬂlcee@ssﬂlfmn Withiagthas range.about
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wi t h great eguilhaabaut 16quabrdfm@lb@w le8OBawoet al eﬂaboandswceﬁéxerpréfb@w or
equal to about 1 |0C nore preferred. Optiona the filtration system

itsel f may Aalﬁ%&wthwethwgaﬂ%atsap@rabreoffeﬁﬁémemoemﬂ tq plous APYRG BA¥ bprior to
d/or d o ocC f
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filtered ateqaslnosipdhuenBé°pmesspieferrey thin this range, a tenperature of |ess
than or equal to about 1 70C may be enpl oyed vvith | ess than or equal to

bout 160C h t 150C ferred.
A'so wi ¢ hi ol e selitief'oh noBRgraledt sy i pelatadieioh doraeLin el Bou
100C may b%olﬁrﬁ@ic%@t@nal‘“ﬂnﬁ? balisheed id fﬁﬁﬁ n%b@rqb'ia{vaﬁso Thardtis hé PartRiugker r ed,

and greater tthan or equal to about 130C nore preferred. After the solution
of pol y(ar ;}mmémetomethy mmhpcbb)r whighktbe pol ymrenieamateliali may bt tisolated] fromethe

ponrrerlc na ated in.an
no' parti culsgcugo? i© fn{g%%?o%mtaﬁf r?é"cr?ésfﬁ&‘a"%@ \}\WCW ?%"“b%‘reﬁr%‘{] ?@%Fr al may
be i sol at ededifi ofdy & employed. Such processes include, for example, precipitation,
distillation, spray drying, devolatilization, evaporation through the use of flash
vessels, a combination of the foregoing, and the like. The polymeric material may be

isolated in the form of a powder, flake, or pellet.

In one embodiment, the polymeric material may be isolated from the solution by
precipitation of the polymeric material or removal of the solvent to result in the
isolated polymeric material. General methods and equipment described above for the
precipitation of poly(arylene ether)s from solution may be applied here to the

. polymeric material in solution.

Precipitation of the polymeric material from the solution mixture (if unfiltered) or
filtrate may be performed by the addition of an anti-solvent solvent to the solution
mixture or filtrate. The solution mixture or filtrate may optionally be concentrated
prior to the addition of an anti-solvent. The precipitated polymeric material may be

collected using any conventional collection filtration technique or solid/liquid

40



solution or filtrate. Suitable processes known in the art to renove a
solvent froma, resin may be enployed. Such processes include, for
exanple, precipitation, distillation, spray_drying, devolatilization,
evaporation through the use of flash vessels, a conbination of the
foregoing, and the |ike. The polyneric material may be isolated in the
formof a powder, flake, or pellet. In one enbodi nent, the polyneric

mat eri al mayWPOFEAHEt ed fromthe solution by preci piPCEUSH/BT0E he
polymeric material or renmoval of the solvent to result in the isolated
polymeric material . General methods and equi pment described above for the
precipitati SFPaE?f‘O'bi?F]V‘(‘EEFy§‘éﬁ%‘eé‘?'W&‘l")“s”'F‘?“@ﬁ\a@maﬂ{s?sd’i‘?hﬁ'ﬁyotﬁ@gﬂiEfF’l ed here to
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m xture or febdtfifupdse. The solution m xture or filtrate may optionally be
concentrated prior to the addition of an anti-solvent. The precipitated

olyneric r. | ect ed a conventi anal | | ection
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separ ati on tsbtedi fitreed mnteabheteodl Mé:slumg)maj bé¢ perﬁ:hhmnfcﬁrepm;ﬂé, wsts i ncl ude
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precipitati Qfki- Wm lee; Et%ﬁltérx( AS}ﬁEf%H@J m‘étﬂgéPH &/gsgnnﬁ e 1s 5 f]ilpered i sol at ed,

filtered polymeric materia eXxanple, with
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apparatus with additiona anti -sol'ven preferred
met hod of wadhprigsaiveat in gstimddenk; ﬂlph)plermemc mgaia}/srévmttanmmeemahxmes a
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enbodi nent , e wetcake fromthe c ectron fi ed W th
anti - sol venf"aieﬁa'ave%kerfr@ath@amiﬁlzqmaWqu@ra secomdtime Nvahh@mo}ﬂ@ntlhant i -sol vent

mxture may c&,mﬂo@%nﬁé‘mﬁ@tfacbvaea b9 aS&LdnG/sHuﬂhuufd &gmﬁomgq seldpdt r fuge and
the pol yrrerr? material wetcake fromthe centrli m xed a second
time with atidligydeemafugg, In the previous embodiment, the solxd/lxqund centnfuge may

be replaced by any other solid/liquid separation apparatus or a collection filtration

apparatus may be used.

The isolated bolymeric material precipitate comprising po]y(arylene' ether) and
poly(alkenyl aromatic) may be dried using the drying apparatuses discussed
previously. Suitable drying apparatuses to dry the preéipitated poly(arylene ether)
include rotary paddle dryers, conveyer dryers, fluid-bed dryers, quiesce}xt bed, and the
like. The drying may be operated batch-wise or continuous. In a preferred
embodiment, the drying is performed under an inert atmosphere, such as nitrogen, to
minimize the decomposition of the polymeric material. The precipitate may be dn'éd
at an elevated temperature and/or at reduced pressures to facilitate solvent
evaporation. The temperature of the drying may be carefully controlled to prevent
decomposition. Temperatures for drying the precipitate may be about 50°C to about
400 °C. The dryer equipment may be modified to prevent localized amounts of
poly(arylene ether) from getting trapped in the dryer apparatus resulting in material
decomposition. Such modifications include, surface finishing and equipment design.
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a continuous stirred tank, followed by a second solid/liquid separation in
a second solid/liquid centrifuge. In the previous enbodi nent, the
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removed. Pre-concentration is followed by devolatilization extrusion to remove the

residual solvent.

In one embodiment, the solution mixture or filtrate is superheated prior to its.
introduction into the devolatilization extruder. Superheating a solution comprising

polymer and a solvent has been described above.

As an alternative to complétely isolating the polymeric material. using a
devolatilization process, one or more resins may be added to the devolatilized
- polymeric material in the same process. The one or more resins may be fed into the
devolatilizing extruder although additional extruders may also be used. Possible
variations include melt feeding the one or more resins into the devolatilizing extruder
or melt feeding the polymeric material from the devolatilizing extruder into a second
compounding extruder as well as combinations of these. The one or more resins can
vary widely and can also include additives, such as impact modifiers, lubricants,

flame retardants, pigments, colorants, and the like.
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75 bar, nore preferably in the range of about 5 to about 50 bar.
Pre-concentration renpbves about 1.0 to 99 percent of the solvent present
inthe filtrate. Wthin this range |ess than or equal to about 90 percent,
pr ef er ablwoOl2ess®21daan or equal to about 80 percent, andpomus2004/ef760sabl y

| ess than or equal to about 70 percent of the solvent. is renoved.
Pre-concentration is foll owed by devolatilization extrusion to renove the

resi dual $®loneNémbddimente acsipeticaRBt solitlom SethpHsin sov&itUsR pblyldrifenet € 1's
superheated prior to its introduction into the devolatilization. extruder.
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like. 42 YOvaPORAOGR&S andbdiidRAN8a4685 | n one enbodi ment, a super heat ed

sol ution conprising solvent and poly(arylene ether) is filtered and then
fed into a devolatilization extruder. The extruder further conprises a
si de f eedbr ofeembpdimgdt]iprionto cievoletlizatonnte solutidoimixuae or Fhe fibtraib lisy

pol y(al kng" -l tic),is a}d{:ied to the extruder,via the side feeder to
Pesul t i ncapeepgfted i piovide £ pufion sopmpiiving 5 jasioad pecin Wkt Jevehe
pol y(al kepyllymerioftdria) as EdinpaEPiotBE wRidH PertBmtieve BE RN {AENE ARt her) in

solution |s filtered then suEerheated and fed to a devolatilization
ext r uder . IMTHE $RHAnaMicdHsel orafilirae. i (Jonicentrasigntto artyepergent wdeightulsivelgoy

downst r eamSi f Y ' terial conpri.si o
pol y(aryl gﬂzhgﬁ%er g&%*%’&“@?g‘?e"‘ﬁgﬁ“ éz;gra éﬁ% nlgrg‘ﬁe!gh? H’agr%grg;’ﬁad'&%fgn%vﬁ%n prior to
devol at i | ihisatangé a doheensiation of theviight peroénttibwee] foff IpblyaieRicl MatefigngfeRty at ed to
provi de a sol ution copprising an increased percent weight |evel -of

than or equal to about 90 may be-used, with less than or equal to about 80 weight

percent preferred, and less than or equal to about 70 weight percent polymeric

material based on the total weight of polymeric material and solvent more preferred.

Also within this range a concentration of the Weight percent level of polymeric

material of greater than or equal to about 10 may be used, with greater than or equal

to about 30 weight percent preferred, and greater than or equal to about 50 weight

percent polymeric material based on the total weight of polymeric material and

solvent more preferred.

The concentrated solution mixture or filtrate may be filtered one or more times in a
solution filtration system to remove particulate impurities that may remain in solution

prior to isolation of the polymeric material.

The filtration of the solutions and/or isolation of the polymeric material may be
performed under an inert atmosphere, such as nitrogen, to prevent oxidative
degradation processes in the polymeric material at the elevated températures of these

operations.
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polymeric material as conpared to the wei ght percent |evel of the polyneric
material in the solution mxture or filtrate. Concentration to any percent
wei ght level of polynmeric material of about 1.0 to about 99 percent wei ght
may be obtained. Wthin this range a concentration of the weight percent

| evel of polyneric material of less than or equal to about 90 nay be used,
wth less t to about 80 weight percent preferred | ess
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In one embodiment, the polymeric material may be isolated and pelletized in a clean
room environment to prevent contamination of the polymeric material from the
surroundings. A clean room environment as described previously may be used. In a.
preferred embodiment, the atmosphere in the clean room, packaging room, and or
process equipment is filtered to have substantially no particles larger than about 0.45
micrometers. The room wherein the polymeric material is isolated and packed may
be enclosed in a positive pressure system wherein the system’s air is filtered for
particulate materials. The system to isolate pellets, from the extruder die head to the
* screener where the pelletized polymeric material is collected into containers, may be
enclosed in a positive pressure room wherein only filtered air is present. All
personne] handling the isolated polymeric material preferably wear appropriate
clothing to minimize contamination of the polymeric material. Suitable clothing

includes hair nets or hoods, clean room coats, boots, and the like.
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for the pelletizing or optional washing spray, is purified prior to use to
renmove inpurities. Methods of purifying the water include processes such
as, filtration, reverse osnosis, electrolytic deionization, conbinations
of the foregoing processes, and the |ike. The water nmay be filtered using
filters having pore sizes of submcroneter or mcroneter sizes. The water
used in the pelletizing process may be recycled and reused. In one

enbodi ment, WH0EMI&#eri c naterial nmay be isol ated an@CHEPIEVA2H8Y i n a
clean roomenvironnment to prevent contam nation of the polyneric materi al

fromthe surroundings. A.clean room environnent as described previously
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The polymeric material, isolated as a pellet, powder, or flake, is preferably collected
and stored in a clean, dust free environment. Preferably the packaging room where
the polymeric material is collected and packaged comprises filtered air, free of
particulate impurities. Again, suitable air filtration systems discussed in regards to the
clean room environments above may apply to the packaging room. Processing and

handling in a closed HEPA filtered environment.

The containers to hold the isolated polymeric material are preferably free of dust and
particulate impurities. Suitable containers include, for example, a silo, a hopper car, a
dry bulk tanker or trailer, a bulk sack container such as a Super Sack®, a sealable jar,
and the like. Particularly suitable packaging materials include clean, dust-free plastic
bags. Certified clean Super Sacks® having a dust-free plastic liner such as
polyethylene may be used. The bags and containers preferably have a sealing means
(e.g. through the use of seals, closing mechanisms, etc.) to protect the polymeric
material from impurities in the environment. Sealing the containers may be carried
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sections of the extruder subject to the entry of oxygen due to the action
of vacuum vents, enclosing the entire extruder in an enclosure supplied

may b {aRSPEHEBRS R Sorution o pol ymeri o mai eri FCTARARHIONSOF <
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Sacks(r) having a dust-free plastic |iner such as polyethylene nay be
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et her) and poI y(al kenyl aromatic) may be rrelt filtered through a nelt
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residence times based on the choice of the surface area of the filter and volume of the

melt filtration housing. A higher filter surface area and a smaller housing volume can

provide shorter residence times.

The melt filtration system of the extruder is preferably located at the terminal barrel of
the extruder, and more preferably at the die head of the-extruder. The extruder may

comprise a single melt filtration system or multiple melt filtration systems.

Any type of extruder that is capable of providing a homogenous melt of poly(arylene
ether), poly(alkenyl aromatic) and/or additional resins and additives, may be used.
Useful types of extruders include, for example, a twin screw counter-rotating
extruder, a twin screw co-rotating extruder, a single screw extruder, a single screw
reciprocating extruder, a kneader, a compounder-extruder, a ring extruder, a
combination of the foregoing, and the like. Preferably a single extruder may be used,
but multiple extruders may be employed. Ring extruders typically comprise a ring of

three to twelve small screws or grooved rolls around a static rod or core. The screws
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di scoloration of the polyneric material, especially the poly(aryl ene ether)
conponent. Therefore, it is preferable to mnimze the residence tine of
the nelt by choice.of extruder screw.design and by controlling the screw.
speed and feed rate. A residence tine of |less than or equal to about 5

m nutes may be enployed, with | ess than or equal to about 2 m nutes
preferred, and | ess than or equal to about | mnute nore preferred. It is
al so prefer P WYBIH ni mi ze the residence tine of thePGEUS2004RBOHN t he nelt
filtration system The nelt filtration system nmay be designed to provide
short residence tines based on the choice of the surface area of the
filter and VOfate 28t intgrmeshypp twe jsides Rrqvisipenensd; digpersive nand ristriyutive er  sur f ace
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and/ or additional resins and additives, may be used. Useful types of
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twin screw cQ- ting extruder. a sipgle screw extruder, single screw
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typical by cdi o #@%"@;ethrelr)n% S%Eapﬁ?ngeeﬁ}egar?s\%ﬁ%@wgﬁgs §t8%\ﬁ§p8flg 8% ooved rolls
around a st alescobe imd).8rPatent No. 5]20d,43Q rocBunevibus\a0a12 A0S/ FaghoM& SRCT521S2004/ 027605
corotate and,i S t i.ges Lq] ood di spel.si nd
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cl ean wipes }fs thehSHELWSoShga LI Ng, i.ng el nts. Suitable
ring extr udepE)sS are tﬁése a%a?%ab?re%ﬁo%gﬂﬂ%%&r Eaggr Vfﬁb%aﬁﬁgéor many. Wen
prepari ng blreneys thy stinped velpylpseand veatdie Wates oF steam arertbepreferred stepuingot her | ow
mol ecul ar wWei, gt JARHR! drélosti ! EnfiGTRYED, k& h el .. hr t he vent
system A p%rti’ gul arlg/féﬂuslefu %@g@esspto%rg gl)é%rﬁle@r‘g%%@ﬁ?qo vol atil e
subst ances fPelyper composition, to be divided equally, or unequally, among the two or more

injection ports located along the length of the extruder barrel. The preferred

proportion is from about 0.25 to about 15 weight percent, since an amount within this

range is generally very effective for removal of volatiles without burdening the

vacuum system. Most preferred is from 0.5 to about 5 weight percent.

Also contemplated are extruders comprising one or more side feeders along the
extruder barrel suitable to feed additional components to the melt. Additional

components include additional resins, functionalizing agents and/or additives.

The extruder is preferably run at temperatures suitable to produce an intimate blend of
the components that compose the melt, but low enough to prevent decomposition of
the melt. A range of extruder temperatures that may be employed are of about 260°C
to about 380°C. Within this range a temperature of less than or equal to about 340°C
may be employed, and less than or equal to about 320°C more preferred. Also within
this range a temperature of greater than or equal to about 280°C may be employed,

and greater than or equal to about 290°C preferred.
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poly(aryl ene ether) or poly(arylene ether) resin blends includes steam
stripping as describe in U S Patent No. 5,204,410 to Banevicius et ai.,

U S. Pat 3‘8?’22%6?22‘?%02’591 to Hasson et al., U.S. Patenkgmsb{ﬁwg%ﬁg‘sﬂ? to

Banevi ci 92, 222 to Banevicius et al. Steam
typically performed in an extruder conprising ports for the injection of
wat er or sgl am and sufficient vacuum vent capability to rempve the stripped
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conpose the nelt, but |ow enough to prevent deconposition of the nelt. A:

range of extruder tenperatures that may be enpl oyed are of about 260C to
about 380adN o4 fNhodinkeBt, [Aamgh RUMR: Ap&ean PyBp of used én camhingtion it theo about

A og w b TRl B lide WG Tak WA REHIEE o AP ROl SRRTRTAE glIE 1 O

Also within eratur grea an or € about

280C nay Wdtretigr oyseth. Thathely pamipedlso pravides theddpdbility talbonttol 200 manitgiher r ed.
47 WD 2005/ 02164 P%/ @2@04/ 27605 When a tw n-screw extruder is,

enpl oyed, anhevea,iiow, gt melithroneh dhe gaipudse systemrespiting 1 a ypderm pelymerisughput
rate of abpmenfl. 5 kg/ hr/cnB to about 8.0 kg/hr/cn8. The specific

t hroughput rate is defined as the throughput rate of the nelt divided by
the dianeter3 of the extruder barrel. Wthin this range a specific

t hr oughputinraneeeraffodiment, theapolytarylenpuether)ppaliytalkyl@nesarogiaticy, an8 aptipnde

enpl oyed, . less than or _equal to about 7 kg/hr/ referred. Also -
within thiaggglé’ﬁagecoém?wgtﬁdﬂ?%ﬁe FRPROY? egr%%ﬂr P Wﬁé?\éigglega’ﬂ}glmpr oMBout 3
kg/ hr/ cnB ki@wnbequepmbity eshabRNef WokiHoBhdihhathe OborRfbtRhtst Magboditusdd Kegrhr / cnB
example, mixers capable of applying shear to the components, conical screw mixers,
~ V-blenders, twin screw compounders, Henschel mixers, and the like. Preferred

compounders include counter-rotating extruders or counter-rotating conical extruders.

The extruders used to perform the compounding, melt blending, and/or
devolatilization steps described herein are preferably thoroughly cleaned prior fo use.
The screw, barrels, and die surfaces are preferably free of grooves, scratcﬁes, or pits
that may collect and trap melt that may be degraded during the respective processes.
Optionally, the extruders used for melt blending may be designed to provide low
shear force to the melt, thereby minimizing the heat history of the polymeric material.
The melt blending extruder may also comprise dispersive and/or distributive mixing
elements to aid in the blending of the components while at the same time minimizing
the production of gels. The screw itself may be coated with a low friction coating to
prevent the trapping of polymeric material within the extruder. A self-wiping

extruder may be used to prevent the trapping of polymer within the extruder.
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preferred. In one enbodinment, a nelt punp or gear punp is used in
conbination with the extruder to provide sufficient rate and pressure of a
flow of nelt through the nmelt filtration system The nelt punp also_ .
provi des the capability to control and nmaintain an even flow of nelt
t hrough the extruder systemresulting in a uniformpolymeric material. In
one enbodi nent, the poly(arylene ether), poly(al kylene aromatic), and
optional addd00uNH4Y conponent s may be conpounded pri @CTAUS00412760%]| t
bl endi ng step. Any known equi pnent capabl e of conpoundi ng the conponents
may be used, for _exanple, m xers capable of applying shear to the
conponent s, cBYisuisgblesmele iitiiionesystem op.deyiesidratregn remyva paciedate dmprsEder s,
Henschel i X&fosn a B cdiSisinig Bly(aRN e @iHe B Gnd f@ﬂmw}iﬂ%&aw%y@@usw.

[

counter-rotating extruders or counter-rotating conical éxtruders. The
extruders us@&éEEaPipethe gnehy tshidltegdnibenustiangneleaactt Hireioni sygem.apithough

devol atili zatm IShePsiraenGdiatrd@hRinBlagie preferably thoroughly cl eaned
prior to use. he screw, barrels, and die surfaces are preferably free of

grooves, scrat S .ts that collect. and tra |t. t hat may be
degr aded dur %Hégl’ﬁw@elfé]é'gté‘ﬁ‘tSly%mf)%lgg%@éeés. mageItAbh 411 ,°f{T"1$Pée"§£§tsF ders used
for melt bl enslifogexample beinteted mgak ehetabmpshatiscteer, GYer nsdie dglt, batmr, éra t he nel t,
t hereby m ninm zing. the heat history of e polyperic material. The nelt
bl endi ng ext Fﬁ‘&%‘%‘g’r‘%ﬁﬁé es@”&?f%ﬂa@éa’aiagég}es'ﬁ\‘?e ArigHIaNY Hrey tﬁi?_tf)rﬁtafeve m xi ng
el enents to ainterddnmethlefildre rehibigng high ertosing drvhuding b ifllersairefated Bame time
mnimzing tPWiL%oO%‘rJ%%Lon of gels. The screw itself may be coated with a
low friction coating 1o prevent the trapping of polymeric material within

the extruder. A self-wi ping extruder may be used to prevent the trapping
of pol ymer wifnigsompiey ek melyddter mag bamsa 0%juding.6io eROTNEIRAOMBRIG05  Any

sui tabl e el tafad ShRl AR WiaYSRE) sBeerdd SVdofBinkitalor %Qﬂéﬁﬂ%\éﬁngqﬂec ul-ate -

inmpurities froma nelt conprising poly(arylene et pol'y(al kenyl
aromati c) may. be iﬁd Preferably, the nelt is filtered through a single
melt filtratilgh “‘:‘?5 Ehen systenomanncluds ¢ eontisugps serean; qhaneing Bier ey %idins ar e
cont enpl at ed filtéiwi tFableganipid, tcohtinubiisadciem cBMBhE Tters HdyUMBludd h ti8bsh sde from a

variety of material s.suc s, f exampl e, sintered netal, netal nmesh or
scre eny fib elscrﬁeéxttﬁpr ?‘éﬁ%f }s}logglrlgﬁﬁeg {)eferle t]geppath of a melt flow in an extruder. The

filter collects particulate impurities within the melt which are then carried out of the
extruder with the filter ribbon as it is continuously renewed with a new section of

ribbon.

The pore size of the melt filter may be of any size ranging from about 0.5 micrometer
to about 200 micrometers. Within this range, a pore size of less than or equal to about
100 micrometers can be employed, with less than or equal to about 50 micrometers
preferred, and less than or equal to about 20 micrometers more preferred. Also within
this range a pore size of greater than or equal to about 1 micrometer may be used,
with greater than or equal to about 7 micrometers preferred, and greater than or equal

to about 15 micrometers more preferred.

The temperature of the melt filtration system is preferably of about 260°C to about
380°C. Within this range a temperature of less than or equal to about 340°C may be
employed, and less than or equal to about 320°C more preferred. Also within this
range a temperature of greater than or equal to about 280°C may be employed, and
greater than or equal to about 290°C preferred.
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conbi nati on of the foregoing materials, and the like. Particularly useful
filters are sintered netal filters exhibiting high tortuosity, including
the filters prepared by PALL Corporation. Any geonetry of nelt filter may
be used including, for exanple, cone, pleated, candle, stack, flat,

wr apar ound, screens a conbination of the foregoing, and the like. The nelt
filtration sten1na i ncl ude a continuous screen cha or batch
filters. For 'Qﬂﬁﬁ% conti nuous screen changi ng flltgggnﬁgéhkh§§ude a

ri bbon of screen filter that is slowy passed before the path of a nelt

flow in an eyponk@ision] e méi fik&éd Wﬁ&fétxﬁat@ﬁf Iznhpué 9&1@:@%9%&1&0% Wi thin the
melt which are then carrijed out of extruder wth t filter ribbon as

it is continthoWaR the dfe Feemrlpry FPCH‘OF\%% Redletizing hays beep ﬁ???fdﬁd peMisusibre si ze of

the melt fildreappNesbidre pelletiginy nfelt Z@eled pAlyMErid rhﬂEHa@-@cQﬁHosx% SlameFﬂ]QﬁrEt er to
about 200 m croneters. thin this range, a pore size of |ess than or equal

to about 10TFUH{IES BVE’ aF e palymene 'E"r'riﬂabffé‘ﬁ"’s% th cqrapositepaybe gxtrdgdial t o about
50 mi cro][ret eerssfbe% aibey, figds, oa@ﬁbﬁlse@Saﬁpr@naterchawaA thwle?&eéﬂﬁm;onEroneters
nore preferred. SO W iS ran ore size _of greater than or
equal to ab W’f“h"éar’?ﬂ‘?iet"btf“"ﬁ‘gf B’éf‘“{f’%’gfds“%s‘g?t{aﬁy Jreesf é’l‘s"% haMtigatequal to
about 7 nmi crigpeiites Sn@oehusamidlly &ee of paatedte idiRmitey grederathan iduapput 15

m croneters nore greferred The tenperature of the nmelt filtration system

i s preferabl§BM¥Fout 260C to about 380C. Wthin this range a tenperature
of | ess than or equal to about 340C nay be enployed, and | ess than or
equal to abdatong2@@odiment, trecfedlets ek wAshed amd tdhed ptidvi o paclagipe aaddbenper at ur e

or oqual to SRy SR sbeROR fhuc TR s SO M EE BlSn BFE5 7605 don
extrusion, tsekveninay b¢ psedr Bk wohsdpstlets mapbediil usimg yechrequpe piceibushed by
et hods kn%tlblﬂ&dt e ﬁtrlfets n%%mag{ex tmmg&?:?'gq{neé)& alqtc l?‘t' ][ﬁg]i)\.[llﬁl & been

descri bed previousl X are l'icable to pe trzin red polyneric
mat eri al corfRagayed %‘PH’@?SU{ trgef thegelletidi ng pel l ets of t he polymeric
materi al conposite, the conposite may be extruded as fibers, tubes, filns,

or sheets DbynamppreaPbdimt, toGobar@tnet &Rery] RB1yRHERNr¥matitl@ind optional
components may be substantially free of particulate impurities prior to compounding.

If the materials are substantially free of paﬂiéulate impurities prior to compounding,

each component will be handled and stored so as to maintain the integrity of the clean

~ material. For instance, each component may have dedicated storage facilities which

are clean and substantially free of particulate impurities. The storage aﬂd transfer of

the clean components may preferably occur using filtered air. Suitable filtration

systems for filtering air have been discussed previously, iﬁcluding HEPA filters.

In one embodiment, the polymeric material is not isolated or obtained as pellets, but is
used directly in a molding process such as a direct molding process (see generally
WO 02/43943 to Adedeji et al.). In one embodiment, the poly(arylene ether) and
poly(alkenyl aromatic) are compounded and melt blended to form a melt that is then

fed directly to a molding machine to be molded into articles.

The isolated or obtained polymeric material comprising poly(arylene ether) and
poly(alkenyl aromatic) may comprise poly(arylene ether) in an amount of about 90 to

about 10 weight percent and poly(alkenyl aromatic) in an amount of about 10 to
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polymeric material obtained is preferably substantially free of visible
particulate inpurities and/or substantially free of particulate inpurities
greater than about 15 microneters. In one enbodinent, the pellets are
washed anWOoR0V¥@1ei or t o packagi ng and/ or storage. A POrSkioe/0zwdvents to
wash the pellets is preferably water although other solvents may be used.
The washed pellets may be dried using techniques previously nentioned. The
pel | et s mayolredOnasighdpéroent chmed onthe totaldRight op et poty(aikesyli iPistid)iagd  t han
may adhere e surface of the pellet. In ope enbodi nent, the

pol y(aryl &8 ?@Ey ¢ pthepg| Yithin iy rangs themmaunt obply@plenseiber) pdkpeisht s may

be subst a'iﬁeinaérléduélrtg ablt %ﬂﬂ%ﬂ#@lﬂfeﬂ%ﬁt, L#Pglgir) H g@apfd' fout Fo GREACHIENRT. 1T

the materials are substantia ree ate 1npurities prior to
conpoundi mpusferredcind desspthar ot equal to aboltadtl weihapercantomert prefemedt AAlsai nt ai n
the integrity of the clean terial. _ For instance, each conponent nmay have
dedi cat ed Péfifg'r'%‘{_;&‘tpﬁ‘c‘i%ﬁ fepgs therareaynt af polyfandfneisthien st benereatet (han oe of
parti cul ategyd1"BWhbihid I h@ Gh ; onents
may pref erg%ly occutlrﬁﬁgen%ﬁ ifétaer’ daﬁ?r.éﬁsﬁﬁlﬁf é&???l{t??t‘?%lgﬁngﬁgﬁgns for
filtering paéferréthvandbgrenteditbauss edugrovatmus 149, weight peicent MoRA pfafértec s. | n

mbodigrent , . t h i terjial i t.isol at bt ai ned
el et s, - BAhn:s ud At ST peTatelkm i an i) S eb S feh hat o5 e dey
mol di ng prapeREd &&g@(&%&ﬁ,akéswham QPR Ub3ut T &gf‘gﬂ?i)tj:rcé{t ferred, lafd One

enbodi nent, the po aryl ene ether) and poly(al kenyl aroratic) are
conpoundedesatepmer equbl onaheut 6 weightpercent| moretaefeired.t Wdso prefutrediwitin |y to a

pol yror 1 o A i SreiH ST e SRy BLAARATD of tepty Bl of fuf 1 feBhaf

aromati c) weight erpiit, SaRe thabair ¥hed € S0UEB0 welkhePerdé Ppdfeéd, aR@ieadp t O
about 10 wei ght percent and pol y(al kenyl aromatic) in an anount of about 10
to 50 WO SrmsrequdAgabgutth wsreht pewemtande prafered0 wei ght. percent, based on
the total weight of the poly(al kenyl aromatic) and poly(arylene ether).

Wthin thhger; t . 1P I ] han or
equal to g@%u‘?&ggdvﬁ gﬁtgn g% E(l:tg{l]?l, %’ﬁ%{tgr@é}go"ﬁ’&‘ggéy’ @gd{lglgg?}%s%% \%Itiai ght
percent pdditiee rseldcted rfdorh effsnd hetardants, emokll releasalagerits @Ad veeh@hlubpemegnt nore

referred. Also preferred w.thin this range the anmount of poly(arylene
gt her) rraﬂmb@“&”égttgfem?%a‘ﬁa% zers, ultraviolet sta%ﬁxzers, p?gments, dyes,p col)(/)gants),/

anti-static agents, conductive agents, fillers, and the like, and a combination
comprising at least one of the foregoing additives. Selection of particular additives
and their amounts may be performed by those skilled in the art. If the additives are
present prior to filtration, the additive should be selected so as to not interfere with the
particular filtration system chosen for the method. Also contemplated is the addition

of additives after any or all of the filtration steps have been performed.

- The addition of thermal stabilizers and or antioxidants to the poly(arylene ether) and
or poly(alkenyl aromatic) may help to minimize the formation of decomposition
products during processing. Suitable thermal stabilizers include, for example,
metallic soaps, inorganic acid salts, organotin stabilizers., complex stabilizers, and the
like. Suitable antioxidants include, for example, antioxidant systems comprising a
free-radical inhibitor and a peroxide decomposer. Examples of antioxidants known to
the art include those described in the chapter “Antioxidants” in “Plastics Additives
Handbook, 4™ Edition” R. Gachter and H. Muller (eds.), P.P. Klemchuck (assoc. ed.)
Hansen Publishers, New York 1993.
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equal to about 20 wei ght percent, greater than or equal to about 30 wei ght
percent preferred, and greater than or equal to about 40 wei ght percent
nore preferred. Wthin this range the anount of poly(al kenyl aromatic) may
be |l ess than or equal to about 80 wei ght percent, |less than or equal to
about 70 wei ght percent preferred, and |ess than or equal to about 60

wei ght percep referred. Also preferred within this range is an

nor.e
anount of po‘f’éf%?’%éﬁl aromatic) of greater than or ed’&ﬂ”sf‘%"‘g%ﬁt 20

wei ght percent, greater than or equal to about 30 wei ght percent preferred,

and greater hA0 B Rl oJuBbOMl WO El AT BELGER! LG Brefgred. The

i sol ated pol yrre € nay, St t%orrprl se an
addi ti ve sel ddtragn fSteprbvfnhedwds km“alr wah¢ sr, airbd:rcbrtoetoemstalgﬁmtos ofinigk ot her

| ubri cants ) L) raviol et _stabilizers,
pi gnent s, dyé’swegf(lon?gﬁ% Dewﬁ g%g?é{h??esgﬁén e or tH H(():lﬁm?rfcv"éat?éﬁé % s, fillers,
and the Iike Jpraserge af @@ndﬁldmacs mmt nob adreisely ra@featthd am&te gnbtyodf méidedf or egoi ng

addi ti ves. S%l«ﬁoseggi(f%f ?,eggsgulg;%h%o&d&h émgﬁmggygg b PG ulre AT SRy be

perfornmed by t art itives are present prior
to filtrati oridequitely sgodth surfaceswisnimpldieg lisdedicles so as to not interfere with
the particular filtration systemchosen for the nethod. Al so contenpl ated

is the addi tiERGm 1§ oft gfnédté/%’d Q)FeE Q(rno@ﬁ‘){o e & IncRlle 1R& fdsbiveatih o steps have
been performed. he addi tion hermal stabilizers and or antioxidants to

the pol y(ar y |B#pier sCplerants i d‘Plaéﬁ‘csﬁ’dld'ﬁ‘(’%flffé’éH%Okd‘r dititionc R- Geghtenandtt o i ni mi ze

the formati onvgfer @8LPPIPOSleintABk (a¥oBEdS Hansdh PhulisheR REE ¥oiMPo3.Sui t abl e
t her mal stablllzers I ncl ude, for exanple netal i c soaps, inorganic acid

salts, organ I ZenLs stabilizers Sui t abl e
ant i oxi dant s%ltuﬁ%: Ora'f%rmcéudﬁn%ggp ﬁ'ﬁq R RS é?fg dE??rrprgl"éai%Eg
free-radi cal mcmganhl ctohuranamdcledep@rhnn|bdh&k,dmmmmeramuﬁxﬁnmeeamefoxﬂat| oxi dant s

known to th ing < &lﬁbengrl_cégeg]blgehgﬁﬁakgeﬁosr%é} beﬁj) angﬁlclﬁ@g@w itg H;('ﬁ%ij | ﬁr%: ngt s" in

"Plastics AdfIti
(eds.), P.P. chéngpat hddaskes( astberghromy]. e)nthréﬂarmsnm Rubimdamlawm diletopyfenide 1993. 51

WO 2005/ 021%?“ 109%96 1340 %ZQ'IQ%THIJIB lS?LQ&({hnngOIHan oné n ghO‘i ;p\élgli)grrﬁﬁo\?vﬁ Iaﬁded

to the poly c material after
the art, eit ewyleps plghaleayamine, pﬁsft‘hmwhlanacndpm,fqutnhﬁhthqhmlemthedxkerat erial.
Dependi ng upon the desired use for the polynmeric material, the

The polymeric material may also comprise flame retardants including non-
halogenated flame retardants such as phosphate flame retardants, and halogenated

- flame retardants. Examples of suitable flame retardants include those found under the
chapter “Flame Retardants” in “Plastics Additives Handbook, 4™ Edition” R. Gachter
and H. Muller (eds.), P.P. Klemchuck (assoc. ed.) Hansen Publishers, New York
1993,

In one embodiment, articles are made from the polymeric material composite
prepared by any one of the methods presented herein. Particularly preferred articles
include data storage media or data storage media substrates, such as for example,
optical, magneto or magneto-optical data storage media. Such media include compact
discs, re-writable compact discs, digital versatile disks, high density disks for data .
archival technology (DVR, such as BLU-RAY DISC), and the like. A preferred data
storage media that may be prepared from the polymeric material described herein is

disclosed in Application Serial No. 10/648,609, docket no. 120801 entitled
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presence of the additives nust not adversely affect the surface quality of
nol ded articles. Special processing conditions during nolding nay be
required to ensure an adequately snooth surface when nolding filled
articl es.wheavgu2esi9of pi gnents and dyes known to the arpcrnshosdeishose
described in the chapter "Colorants” in "Plastics Additi-ves Handbook, 4 h
Edition" R Gachter and H Miller (eds.), P.P. Kl enchuck (assoc. ed.)
Hansen PUbMSTORAGE NENIK 1P6R Bubabhertol AIPROVEDC INEINGIBNAL and
i norgani c pignents and dyes. Suitable inorganic colorants Include carbon
bl ack, irofTHBIEETYY filednhugnst? & 200%and ¢apending with the presens apiilicdtion.and t he

| i ke. Suitable organic colorants include those fromthe followi ng chem cal
cl asses: a als t hr in . hengi m.dazol one, di ket rrol o-
pyrrol e, d%@gﬁlﬁggqﬁ?yag% p’fl%%;bﬁt %Bg“ﬁlé"g’ Pﬁoﬁ’%@&gi Wb‘{l pf%CS"Sh%?‘?DcﬁBWB?S‘
napht hol , [Saitablenechniques b doen apiiidsaineRidaihjeetiord oddih gl foRMinglprobesséd, done,
qui nopht hal.one, and the like. The polyneric material may al so conprise
flame ret af¥SHHE-GoRPressiongrakdy-melding tmpldipg; nrienogelbidartmsoldinghfibe

phosphat e f 1 . hal £ et arda . .Exanpl es of
suitable f Icgﬁrrg%’r gﬁé‘%ﬁﬁﬁéﬁsn@?@ﬁ tb (g’ge%?#lgﬂﬁ’ddlﬁ?\%g?m?w& a (ﬂ;liﬁ BEX anme

Ret ar dant s'préferrédRleetatiquesis Agebtionvesidingndbook, 4th Edition" R Gachter and
H Miller (eds.), P.P. Klenthuck (assoc. ed.) Hansen Publishers, New York
1993. In on errbfdi nent, articles are gde fromthe polyneric material
conposi te ‘ﬁﬁ"éﬁa YIFsymalsDal Somnnosite 1asad i fum dhta sleraese anedia wibstrate, for

Parti cul ar kyampiel aid; It LG Lor . | d st orage
medi a subst rar?%s’, gﬁgﬁnﬁsb#og%%g])%ahp el,dge%%ﬁo @%g’ngg%ggf;wgﬁnﬁgasnm opti cal
dat a st or ageatingdspaay Swtingnagondépositiodscoempaating, hasting, dipping,i spaidéringg onpact

di scs, digital rsat.ile disk hi.gh density disks for dat ar.chi val .
t lachnol oégb%‘%\‘?ﬁ‘y%%*ti’éﬁ{°£s e%ﬁﬁﬁ’%&?“ﬂﬁ’écﬁ“,e"‘éﬂ&y‘f%é‘“&i i the lg‘f‘gff m‘@%"%‘a; a
st orage nedata stdﬂé}ﬁné}&hﬂb@siﬁ%%ﬁﬁ&dﬁ]fsﬁfﬁ%} hﬁmﬂﬁéyﬁréogl%ﬁﬁgg%rk ts?t?] i bed

herein is disclosed in Application Serial No. 10/ 64
120801 ent Pt leas 08e ofthe forp0i02 PEgsRE AMIBRRTHENO A BOat OB DRAGEN MEDiedh, FOR

DATA WTH | 9\|AL TA | TY" fi]ed.August 26,. 2003 and
copendi ng v}dgp W@p EJ esgﬁt %Oﬁfid(?eg‘f‘%o Y ePhe" ed’? ipeﬁ'é’ge%?aﬁé‘aﬁﬁgtg"ﬁgﬁ a
vari ety of Essehdalhg tienshibstrae @i 69ion8IY)BE Gdtfed, in situ, with the desired surface

features disposed thereon on one or both sides, a data storage layer such as a magneto-

optic material also on one or both sides, and an optional protective, dielectric, and/or
reflective layers. The substrate can have a substantially homogenous, tapered,
concave, or convex geometry, with various types and geometries of reinforcement
optionally employed to increase stiffness without adversely effecting surface integrity

and smoothness.

An example of a polymeric material storage media comprises an injection molded
polymeric material substrate that may optionally comprise a hollow (bubbles, cavity,
- and the like) or filler (metal, plastics, glass, ceramic, etc., in various forms such as
fibers, spheres, etc.) core. Disposed on the substrate are various layers including: a
data layer, dielectric layer(s), a reflective layer, and/or a protective layer. These layers
comprise conventional materials and are disposed in accordance with the type of
media produced. For example, for a first surface media, the layers may be protective
layer, dielectric layer, data storage layer, dielectric layer, and then the reflective layer

disposed in contact with the substrate.
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Suitabl e techniques to formarticles include injection nolding, foamng
processes,. injection-conpression, rotary nolding, tw shot nDIding,

m crocel lular nolding, film casting, extrusion, press noldin &}
mol di ng, WOREEYOAHPding, and the like. A pref erred tecRATGSE r”émGPﬁ ection

nol ding. If the polyneric material conposite is used to formdata st orage
medi a substrate, for exanple, additional_ processing such

el ect ropl atizwg,3 eryidesan exsmmlgyayotespioh O@@aeuang}ea% p?lafgpl@aﬂﬁlilfhefhe‘i)apor
deposi ti onge i »

deposi ti OR, Eﬁé@ﬁr@ﬁé%%éﬁsg%gﬁ%ﬁg}n zg%gpéggﬁklpﬁm%@ dt e&%ﬁieg?j féarh' nation,
data st anphusgvithawbassiumg stepir Afterethp ®PESh dried (11'70)<it i ¢amghinadhelitic 88141 88t | ons

convent | o IR ?Ppefq% PP e aliy g GH048 oBRETINd | ayer s
on the poly E@?&* gl gzgﬁ(f fénéﬂ') rnﬂ;(ﬁlr? hsgs%gpfbté aé\lo‘fatll{z@f?or§ BRetds b fo)T8Y

optionally |tu esired surface eatures di sposed
t her eon ons@a«ethﬁpdjphmcsnﬂmsml dl'legichyratric mgterihlay @nalbupdiletizeda(2@@)gnet o- opti c
material also on one or both sides, and an optional protective, dielectric,

and/ or | ecti The bstrate n have.a su t.ant aII
hom)genou?; 't’rgﬁ %’CP“) ?8?1% m u (%Qﬁ;ég(oféagwggtafleawpp B%e%%es and

geonet ri esppk), r}ﬁﬂlﬁtﬁéﬁee?fms)tcon%ht@ Nthé ?re%ﬂfﬁh@fl o P?PE i raegc%%@ a§ befokeless
wi t hout adversely effecting surface integrity and snoothness. An exarrpl e

of a pol yristitke erganie phisegs sepatpicdreidOh froonthe |r@@§01ammtnreemd| fitereb(236H
oubes AR ileBheS 8 ER oL Y PRBHAPRERY € HIRLL P BsGH4 2t

ceram c, &obvent (TBQZ&blibﬂﬁ & PPEEPSS Hfiktuis (240). beTtis nﬁﬂhﬁe’ €510) 6§ @pb:orcaalye
D|sposed on the substrate are various layers including: a_ data |ayer,
di el ect ri diltesgbandsthe (Bltgred) mitprpds e de a develphizatiop pricsss (208) fodgelate These

| ayers  COIRhhSRACHYSAL IR paIBHERL Al bl PRRGSE-pY accordance with

t he type roduced € nmedia, the
| ayers nay be protective |ayer, di eI ectric layer, data storage |ayer,
di el ect ri cFipengey further ptdvédest dreexcafplagtproess aff éorming a pbeaadpdly(phemienet wi t h

L o 16 B o honl M b
pol ystyr erB’ef&r@,S)JuP.ﬂ{E)Qﬁgah% pHdie BT Rpaat A20PHroRPhd Seffdh hixtdte amabef ore,
superheated (280). The superheated organic phase is then filtered (290) and fed to a
devolatilization extruder (310) via a pressure control valve (300). Solvent (308) is
removed by the devolatilization précess. PS is added to the extruder through a side
feeder and the resulting polymeric material comprising PPE and PS is pelletized
(320).

In one embodiment, a method of preparing a polymeric material comprises reacting a
monohydroxy aromatic compound in the presence of a catalyst, oxygen, and a solvent
. to form a reaction mixture comprising an organic phase and an aqueous phase,
wherein the organic phase comprises solvent and poly(arylene ether); separating the
organic phase from the aqueous phase; filtering the organic phase through a first
filtration system to remove particulate impurities; combining the organic phase with a
poly(alkenyl aromatic) to form a mixture; filtering the mixture through a second
filtration system to remove particulate impurities; feeding the filtered mixture to a

devolatilization system to separate the solvent from a polymeric material; and
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but with two reslurry steps. After the PPE is dried (170) it is conbi ned
with PS (188) and solvent (189) to forma PPE-PS m xture (190). The

m xture (190) is optionally filtered (200) and the (filtered) mxture is_
sent to a devolatilization process (210) to isolate the polyneric
material. The polyneric material is finally pelletized (220). Figure 4 also
provi des an exenplary process of formng a clean pol y(phenyl ene ether)
(PPE), pol ystoemeigdS) conposite. The preparati on of rEPE20@/0Ze®Cr i bed as
before, but the organic phase is separated (120) fromthe reaction m xture
and filtered (230). After filtering, the filtered organic phase conprising
PPE i s mi xed PelletiningShe¢ 1@8mespa gmaternl.y aherein 1 89) pelyndrigr matgrigpeonpgsesi xt ur e
(240). This %W@aﬁl&e@%@)@)a?d ﬁzliq_m(én thific), ahd WREGH 1R BBIyBS hitdal ﬁ{ ﬁg)

m xture is sent to a devolatilization process (260) t0 isolate

pol yneri ¢ natéiiapfally fisecipgrtigplateiepusiieeri al is finally pelletized (270).
Figure 5 further provides an exenplary process of formng a clean

pol y( phenyl emeoneahibadinettPPhthodél préphiinige ol kb naeRQ®inpeses faQingepar at i on
of PPE is descri bgd as before, but hhe orga&i C Phase IS seﬁar ted (120)
from the realloPYRIRrLARMRIG AIMPOUTHHIE, e BietgCy ol yph X BspePRadt¥d or gani ¢
phase i s theRolfdnk toefomtla (2R mivivele E@fbrising an odanioOpiakd dntl ambduedus eidsé,uder (310)
via a pressure control Val\é@a 300) .. Sol \(;fent (1308) %s reqovedhb_ t he
devol ati | i zat\PERpH§cyELc SCORRHET T &' Ph TR ARG P AIBg R si de
feeder and t khearagsgitht biganipphayiem the aqicots phhseC anipdntratingghdIrfaniiphlaseS 1 S
pelletized 320). | n one.enbadi nen a t hod of preparing a | ymeric
mat eri al comg)or t|%'é")é§ c?négg'iaf%ﬂﬁrgﬁmc H‘Eﬁ%tﬁ%‘#’@g@ﬁ ce?P?)eﬁﬁ?tfdgor %‘fﬁ%‘ﬂ%&“?‘%gt he
presence of a fichfililafist systex ygempvegndicalagdhpeities; pteoipftammtte poly@etiénen m Xt ure
conprising a | ¢ _phase, and an.aqueous .phas wher ei n t.he organic
phase conpri gtggég% vg'ﬁtcogcﬁatr%%qj?fézg]r’%/ Eaﬁ%ltl%tﬂﬁné]r %Tsét%gglﬂléel’ i"f‘?@h"?%g'e organi c
phase from t hetcadguedom phased Weichkegdiving thé evashed awicskeptodem pdwdetedh a fi r st

filtration s g articul ate. | [ities; c i.ning.the organic
phase with a¥32§%%gfﬁ]gﬁg¥%gﬁg’ it 14 ‘l%(r:le)r&]tp%‘yi(gggrgﬁ'eaetthrﬁ%k?oth‘(g’?g\‘yl{]?r?rg?t5° g the
m xt ure t hr oagha gecond ovluknt fd farmat inxturgyfEitesng the mismpes thrqigh tai fltrdtimhe
inpurities; {geding Lhe.d! MhtHES - ey, iltzation systemto
separate the-%oﬁ"\(e.nt_ "P’rém‘%“%@?@mr‘fﬂb%ﬁm %’?dl"% ;tgeanfgle%g M@%0§1621649
PCT/ US2004/ oﬂmbshmm sxstepi togsepanate sl speond isolvenatfiomi the polfaereak sthefle pol yneric
material CONMBid $6S(alkenyl aromatic) to form a polymeric material; and pelletizing the

polymeric material, wherein the polymeric material comprises poly(arylene ether) and

poly(alkenyl aromatic), and wherein the polymeric material is substantially free of

particulate impurities.

In another embodiment, a method of preparing a poiymeric material comprises
reacting a monohydroxy aromatic compound in the presence of a catalyst, oxygen,
and a solvent to form a reaction mixture comprising an organic phase and an aqueous
phase, wherein the organic phase comprises solvent and poly(arylene ether);
separating the organic phase from the aqueous phase; superheating the organic phase;
filtering the superheated organic phase through a filtration system to form a filtrate;
feeding the filtrate to an extruder, wherein the extruder comprises an upstream vent
and a downstream vent; removing solvent from the filtrate via the upstream vent and
the downstream vent; feeding poly(alkylene aromatic) to the extruder via a side
feeder; isolating a polymeric material, wherein the polymeric material comprises
poly(arylene ether) and poly(alkenyl aromatic), and wherein the polymeric material is
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poly(aryl ene ether) and poly(al kenyl aromatic), and wherein the polyneric
material is substantially free of particulate inpurities. In one

enbodi meng,, 1Qd of preparing a polymeric materi al IS¢ cting a
nonohydr oXy %ngbrarzg "I(BC conpound in the presence of a cat a?&gﬁ[&@"g%@ﬁ? and a
first solvent to forma reaction m-xture conprising an organi c phase and

an aqueous phase, erein the organi.¢ phase c rises a first solvent  and
pol y(aryl €} staptially },l‘\!ge é’gﬁ’é‘F%“f%@' HB“B‘?Sgahpé‘o‘bﬁ&géi‘? PEHIHeSBRAMBEY phase;
concent r at A8l el ERRbIGH DM ol yuferlcthaldal O THe G0 8E £Peiftgani ¢ phase;
filtering the concentrated organi'c phase through a first filtration system

to renove garti culate inpurities; precipitating the poly(arylene ether)
from t he clomnether ambadioreghrsi wetbhd ©é prepafiog el ymerit makstighéamprisss hiellg t he

k f of. d ke: ' h h ) . f :
bowder ed erITEPoPBRIEES HEb 3T aabi oA obTeARIE Tyt 2OF Shnd g )
pol y(al kenyblt @iroa@ 4 felt filGAGorRsyRRED RArehRive PatichRtd Ppirities pellefidag fliel t eri ng

the mxture through a filtration systemto renove particulate inpurities;
f eedi ng t hiditered meltda farmpgHiets tof aapolpmenit material sehprising pokyfarylsne efhenat e t he

I t.h . | h | | k [
For ma pol YRcre kbl FfRtoy Batlall: F it B B o ne S beBia b oi'n

t he pol ynmemele bleating) the pelétiving 6ite puekyding, \or @ndndini@ion ofifte: fopstost{gadtégeny |
aromatic), and wherein the polyneric material_ is substantjally free of
par ti cul at@e PEiiRImet iR an eniropmenhabsiepbal b fnesrrf pagiculateimepusttiepr epar i ng a
polynmeric material conprises reacting a nonohydroxy aromatic conpound in

the pr ese%eyé_?fan@thw(ila{er%tycﬁ%enf,”ﬁyﬁ@t'ﬂod o"l‘gﬂcg%rig la"ﬁd?&m&rg%;r%éﬂa? cﬁﬁgﬁgéson

m xture conprising an organi ¢ phase an ueou ase, wherein the
or gani ¢ phasaingonpwonelgsiregl sentatiardmpolyd ar tHegpreseatdof h;catabpshamaigemg t he
organi ¢ phase fromithg aqueous.phase; superheati the organi c phase;
filtering atnﬁea Sé’ﬁj‘f’fg}' We%f’@g rS?‘é‘Qﬁi'E‘“Bﬁﬁ%@“B‘ﬂ?%@F?"&??W{gf’? &Y}’gﬁnc P to form
a filtrat ahe pbRRMHyRAe bihRr)f With %?&y(ﬁﬂkeﬁyr] #Shatd b 1fox‘ﬁ"f'%r1’ﬁbﬁ'urte,h§o{%ﬁ5% yder
conprises an upstieamvent and a downstream vent; renoving solvent from
the filtreanadymere ntateriapSrane athe veixturen evheteire tiko pobimesizmmatenial compdsesg
pol y(al kyl ene ar omat.i to the extruder .via a.sid feeder; isolating a
pol yneric pr?éf(grryilieé’ie ,erﬂ?/sg)?e?'gi %OIYﬁE(eBQS]I Yhaf ’f’r\é‘t‘é@ﬂ tﬁemgp'ér'_ggy ASCar yI ene
§t5 her). anccopffoyfi@!theslVert thePdacon mittdre/MIRPRIYaryfe RMHeY)Be folyBkeRyIal 1S
aromatic), the mixture, the polymeric material, or a combination of the foregoing
resulting in the polymeric material substantially free of visible particulate impurities;

and packaging or storing the polymeric material.

All cited patents, patent applications, and other references are incorporated herein by
reference in their entirety. The invention is further illustrated by the following non-

limiting examples.
EXAMPLES

One example (Example 1) and one comparative example (Comparative Example 1)
were prepared to demonstrate the effect of filtering solutions of polyphenylene ether-
polystyrene resin blends on the amount of particulate impurities of the resulting

isolated material.
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WO 2005/ 021649 PCT/ US2004/ 027605 substantially free of particul ate

I mpurities. Optionally, the previous enbodi ment further conprises

i solating the polyneric naterial in the formof a pellet. In another

enbodi merwo 200321439d of preparing a polyneric material POMUSR®&0276Ed t

bl endi ng pol y(aryl ene ether) and poly(al kenyl aromatic) to forma nelt,
filtering the nelt through a nelt filtration systemto renove particul ate

i npuri ti esExgapleet:i Xi4W60 be wéightt Blesd ofglolyphenylenenethed (FPES 0033 &V [REB/neri ¢
mat eri al conprising poly(arylene ether) and poly(al kenyl aromatic);
packagi ng P‘h‘éd‘fieﬁ“fag?@el og| GEnPlagicehiane el yshyrence (¥PS HS05@k mas prepadechg, t he
pelletizin ckagk . | RaL 1.0Q. O e egoi : are
per f or med ?crfoédqnﬁ%ﬁgi #’gn}r@%%nggg?cgg?i alpii%y 3 eeéﬁeg#eﬁp@&a?n?tcg?%ﬁ ﬁl?rr%grl ties.

I n yet anoblagketedyiBtidtedrambuntaf reighntcdgrade prtlepdichlogobenzene (QDEOB)ovazadded al

conprises _reacting a nonohydroxy aromatic conpound in the presence of a
catal yst, 6&«§geiperamsdke) ebiRFELPOVEeH dndn 1989 k8t oTonPPi & do@ GBI ng a
poly(aryle o) Ll p ( ' al kenyl
ot 1 4) T FRR 20 p O bWtk bt O BBl o Mo 170 R S

m xture, wpavey filteted tiolghre fimicromteteri side fdenpag.ses pol y(aryl ene et her) and
pol y(al kenyl aromatic); purifying the nonohydroxy aromatic conpound,,the

| vent, th ' i xt th | | h th | v(al kenyl
oy ot 1 ¢) . Ak i farich, o e A P A mbrieh ohe Trich i aBROT Y ¢ o
foregoi ng disgFatidni t8Gré-BoddeRrite e 2o gercemttfy wailghB 8Pt a8iutian to/ a pbRmepS

visible particulate inpurities; and packaging or storing the polyneric
mat eri al . slventimistirp seaining abautedd perspiti yaweighssolidad Thetpotymerfsolventes are

or o | PR e 8 o Eltk o iRblainkia pribasrahes SEMERARRGS one
exanpl e ( Exipbshite 87uboanso ogL56 & icHB) GHRIRItREETRar Fulpev B REPle 1)
e efy

were prepared to denonstrate th ect of filtering solutions of
pol ypheny| &nsfatthepol yper-salvent anstureati arats efrpboubf? povadsabsalutiast pesdout cul at e

PCH Us20047 0277 G0 B4 iy Bh BB e nlmaidid sl g RPN e
et her ( PPENitfbgaB waV¥ uB&Fto provide enough pressure (about 80 psig, 5.6 kg/cm?) to feed the
pump head of the gear pump.

The polymer-solvent mixture emerged from the heat exchanger having a temperature
of about 270-280°C and was fed through a parallel combination of two sintered metal
filters (PALL, 13-micrometer size pleated filters, surface area of about 1.5 ft® per filter
(0.14 m?) to remove particulate impurities within the feed solution. The temperature

of the filter housings was maintained at about 280°C.

The filtered polymer-solvent mixture was then fed through a pressure control flash

. valve plumbed into the downstream edge of barrel 2 of a 10 barrel, 25 mm diameter,
twin-screw, co-rotating intermeshing extruder having a L/D ratio of about 40. The
temperature of the solution at the pressure-control flash valve was about 280-285°C.
The extruder was operated at a screw speed of about 575 rpm and at about 20 percent
drive torque. The measured extruder barrel temperatures were 321, 299, 318, 291,
290, 290, 289, and 290°C (die).
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powder avail able from GE Pl astics) and pol ystyrene (xPS, L3050) was
prepared according to the followi ng procedure. To a pre-heated (about
125C) nit nketed, stirred amount of reagent-grade ortho

-di chl oro @g’%g‘ﬁ"é% ) was added 72.6 kilograns (kg) SCTPPE'HERME and
108.9 kg of xPS, to forma solution containing 20 percent by weight
solids. The_ solution was heated to about 170C and gravity filtered through

a 5-mi cr omeNeEXENaeE Was| qaipnsd gvithng iclgsed ghamberpstream o4 bl Litbp closed
~conpl et ed, cﬁan%ﬁuhﬂﬂg%f nitrdien ARERd X@\gﬂi f‘cﬁ &?m?}ﬁed glltl%h étlo%tdf(?ﬂr&ggolg?/sner ]

pre-concentrate t perctent by solution to

sol vent ni keforecandahtrimigrthegoladrn wemdeal mﬁroessntT]’myemdghWa§ﬁ1kﬂldeeqqu at
pol ymer - sol vent xture s charg nk and maintained. at a

t enper aturga‘i‘ﬁ %Hé%ta e fee Srnﬂosé"%"gélé'f]%m@ L) aregh of thegextny %8‘ k§rene)
under nitrggeny I hu S 0 SfRranih SLFE t

m xture at ggrg?de%rg?%a @u?&%@?ggnﬁg/gf of 5?%& {)d; aﬁ’grg%“gﬁ (%’f %’Jrék&g?hr) to
a shel | - andensistiag lof £orveard kcanganng’raientemsrmxﬂy atAtatheLmd JAGE djB&dFyom thé t r ogen

was used to pr de e ssure about . 80 5.6 kg/c to feed the
punp head &% Rld?ifal’ﬂﬁﬂ’r ﬁ% éwﬁﬁﬁme%%lt@éﬁ %F\?F@‘eé‘ 'eeye‘?ram t he
heat excharge EOMying%lénérﬁm¢rlﬁt§éf@vs &fméllafautfe@d@ \n%g@gbrﬁ%réﬂai% dofifky hrough

a parallel combination of two sintered metal lters 13-m Cromet er
si ze pl eat lavard tm@mudcg@ndaweyéloevathgfmdalﬁwdtermrﬁ ft2 per filter (0.14 m to
remove particulate inpurities within the feed solution. The tenperature of

the filter I abot28C Th e

pol yrer - so ﬂ g’?‘”ﬁ@i% Zugim%s%ﬁgﬁe‘fwgh th’?(? '033 '&’?ﬁ}e@lc VSWtstagPa‘W]aesh

val ve pl un’()edt 2t and Nerdbwnst(veand g dgrl ﬁfreé)afaélﬂlm 2vits Qvelds operalld, a5 MM
di aneter, tWI n-screw, co-rotating interneshi n_g{extruder having a L/D ratio

of about 48batRSPheriGPrepsFa)rad bé‘ffeltfh@’%bﬂubﬁﬁﬁ venhg) girdbartal 8-(¥emt®ol f1 ash
val ve was ?H@Hﬁeez%)no%gg ic ve}lgse t&3dn %&eroe{?b: (91 %n . QaSRLEW §RREd of

about 575 rpmand at out ercen rrve nmeasuré ext ruder
barrel tenpehabomeetedvieasoB2ht reﬂﬁﬁa] ahlidecar@iy maﬂ&ﬂd caﬁ@nsﬁggolvamd/aﬁ&OC
(die). 57 WD 200 /021649 PCT/ Us(ﬁi)04/ OZZY 05 The extruder_was equi pped with a
cl osed chawahg'é"tsr afondensgnpncliquid sohygnioreseiving vasssth eFhensacui@ ¥eNis t r ogen

line adapt Ggrel hildr\Padupidd BE & Vedt MBS s 874, da09 Ward@fhipped with

Type “C” inserts. Vents 1 and 2 were not equipped with a vent insert.

The extruder screw elements consisted of both conveying elements and kneading‘
elements. All of the conveying elements in both the extruder and the side feeder were .
forward flighted conveying elements. Kneading elements used included neutral,
forward flighted and rearward flighted kneading elements depending on function. In
barrels 2 and 3 of the extruder, kneading blocks consisting of forward and neutral
flighted kneading elements were employed. The extruder screws were equipped with
melt seals consisting of kneading blocks made up of rearward flighted kneading
" elements. The melt seals were located at barrels S, and 8. The vacuum vents were
located downstream of the melt seals on barrel 5, barrel 7 and barrel 9, and were
operated at vacuum levels of about 28 inches of mercury (Hg) (711.2 mm of Hg; a

vacuum gauge indicating full vacuum, or zero absolute pressure, would read about 30

inches of mercury or 762 mm of Hg).
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before and during the solvent renoval process. The extruder was further
equi pped at barrel 2 with a side feeder positioned orthogonal to the
barrel of the extruder. The side feeder was not heated, had a L/ D of about
10, and cwOpMBL4PWO screws consisting of forward conpeVUROEDERENL S
only. At the end nost distant fromthe extruder barrel, the side feeder
was equi pped with a single atnospheric vent (vent.1). The conveying

el enent s cSlhetlJraedsuhedwat edchdriperssivere u{semahe:rondﬁmerscmm‘cbgamdel)ﬁB:mivmy t oward

the extruder and away fromth i de fee r The xtrude s further
equi pped WFPRY gﬁd’i“f(ieﬁlsmalA §fgi‘bé’6ﬂ§%“?2 Sm%hl Hgap éImI” O‘E UV\if”aﬁ) , and
barrel 4 GysHdd d)the AB4l etxeﬁzﬁn%exvl%%w Vs%Weﬁt (%f)'?tf@n?%rﬁﬁﬁ Hatic veats to

subat nospheri c pressure) barr el (vent arrel vent 5) and barrel
9 (vent 6)evacu'ﬂeethe lsoleventa\tapnsph’ﬁhe devodmﬂmced PRBE-xPS fehia vehith anhergedrfnbrmne on

t he side f‘g‘ﬁg each connegt edﬁ)qq} }a sfo vent rermval éi%i]ec very

mani fol d &¥mSHS g?‘i"rg ’5‘3? JERPErYiTF, AOOY Q) ofj the sextryder, wygs trapdedh and i qui d
sol vent r@eRésedd vessel . The vacuumvents were sinmilarly adapted for

sol vent recovery. Vents 3, 4, 5 and 6 were equipped with Type "C' inserts.

Vents | and 2 were not eqw%ed with a vent insert. The extruder screw
el enent s Ponsiosthedunsthp sxtudes wasyhorgughly wisaned by sutkmitting uhg screwemeant s. Al |

f th d f eed
Porwnrd” T PORYA R SR tertd] AR hhald1fte 3y AHocAla v, Fd ind RRRer o™
neutral , bhmelwavete bluskHil @ibra eabMBIAIThel Vac@lth ents haneleaOthed Bt the

dependlng on function. In, barrels 2 and 3 of the extruder, kneadi ng bl ocks
consi st i ngwaas dstemingd by isvaliinspection|at deesteryeron b Mirueeferingthe 12ehoar

nond ng. AR (OH She TP B Raf INLERF e PR BFRREAAE" Thic 1) O

seal s wer diffoeasiabpresureasoredssths, filkstdwds chbhtant abitbughy@nthe M@l € Tablecht ed
downstream of ,the nelt seals on barrel 5, barrel 7 and barrel 9, and were
oper at ed Rfo%dss thfpoesseing dae fanBxamplg 1 nches of mercury (Hg) (711.2 nm of
Hg; a vacuum gauge indicating full vacuum or zero absolute pressure,

woul d reagggrqut 30 inches of nercury or 762 mmof Hg). 58 WO 2005/ 021649
PCT/ US2004/ 027605 Shel | - and-tube heat exchangers were used as condensers to
recover the QDCB solvent removed jn the process. A _slight vacuum (about 1
inch Hg, 2%.4 nm ofSokigionwas '

Melt Screw .

Mass Torque Actual Barrel
Example Temp speed
Flow Rate((%) . Temperatures (°C)
) (rpm)
(kg/hr)
_ 321/299/318/291/290/290/
1 32.7 20 310 575
289/290 (die)
317/289/289/290/290/290/
CE-1 13.9-15.9 |20 305 450

281/290
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applied to the heat exchanger receiving solvent vapor fromthe atnospheric
vents to evacuate the solvent vapors. The devol atilized PPE-xPS resin

whi ch emaﬁg)eﬂf n, the die face (nelt tenperature abou % e
extruder was g?/(rizgfhﬁ ed and pelletized. Prior to the runfpcﬁﬁ’g’?oﬁ@%{?hgr was

t horoughly cl eaned by submtting the screws, vent port adaptors, vent

I nserts, die hﬁad/{)l ate to an 454C sand-bath, and the extruder Dbarrels

wer e brushgablﬁriC(?P 744 eassenbl y. The vacuum vents ran cl ean throughout the
run, as determ ned by visual inspection at |east every 15 m nutes during
the 12-hour [ Tong rjun. Only one[ filter nousE::“yvas Usggffor the ent|re

12-hour experinent. Témg. diff efj@emipal ofoIRRe@Ur € across t']an[j,I berFebd
constant thfoughout| the run. Table | provi tingeOfr facpssi ng dat a
Exanpl e 1. mgple |Sadutignias Fepdipfterr ew Mg;?g"éﬁt ual (aBar r ePressure

o U)

or

Exanpl eTenpgpeed Fl (9% Te (|He ger| o/ hy
321/ 299/'318f 291/ 29c?%g?@32. 72@3%@%@3@/ (di e) Vi)
317/ 289/ 2894 290/ 2909/ 290/ CE-113. 9-15. 920305450 281/ 290 p9 WO 2005/ 0R1649

Tabl e | continued BCT/US2004/ 027605 Tenp of| Tenp. oTenp! of FeedTenp. of
Feed 1 160 270-280 310 280-285

CE-1 162

- Comparative Example 1 (CE-1) was prepared similarly to Example 1, with some
modifications, most importantly the PPE-xPS solution was filtered only once by
gravity filtration through a filter bag. Additionally, the solution was not super-heated
prior to its incorporation to the extruder used for isolation. A solution of PPE-xPS
was preparéd by combining 12.1 kg of 0.33 IV PPE powder and 18.1 kg of L3050
grade xPé in enough ODCB to form a 10 percent by weight solids solution. The
resulting solution was heafed to about 170°C and gravity filtered thro{xgh as-
micrometer sized filter bag. The filtrate was concentrated to about a 40 percent by

weight solids solution by removal of ODCB by distillation.

The solution was not superheated in a shell-and-tube heater and was not filtered
through a combination of two sintered metal filters prior to isolation of the polymeric
matenial from the solvent. Isolation of the polymeric material was performed in a
25mm-diameter twin-screw, co-rotating intermeshing extruder having 10 barrels (L/D
= 40); a 2-hole die plate; and six vents, two of which were located upstream of the
feed port and operated at atmospheric pressure, and the other four vents were located
downstream of the feed port and operated at relatively high levels of vacuum (about
28 inches of mercury (711.2 mm of Hg)). The atmospheric vents 1 and 2 were
located at extruder barrel 1 and on a side feeder connected to barrel 2 of the extruder,
respectively. The feed solution was added directly to the extruder at an injection port

located at the downstream edge of barrel number 2. A side feeder, operated as a vent,
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Heating O 1 for Exanpl eSolution at Feedafter Heatat Pressure Heat Exchanger
Tank (C)Exchanger (Cvalve (O (O 1160270-280310280-285 CE-1162
Conparative Exanple | (CE-1) was prepared sinmlarly to Exanple 1, with some
nodi fi cat wormmps/emety i nportantly the PPE-xPS sol uti on wagchriusteamercanl y once
by gravity filtration through a filter bag. Additionally, the solution was
not super-heated prior to its incorporation to the extruder used for

i sol ati on. wasseunutdted t@kthePERrudes at Waselph@pberel] Nmatlgmithenexteude? whs k@t of 0. 33
|V PPE powder and 18.1 kg of L3050 rade xPS in enough ODCB.to forma 10
percent by C\‘ﬁé‘l‘%?"%‘dplﬂ&@o\"ﬂt‘?’%m“r or prag M gthsthe ﬁ@m%PP‘Wa%“‘F?é #8d to

about - 170C @0fbefl” Biktinl b BjBf fob Ny B Exib 9 TRh B Ui Tablehier D20

The filtrate was concen to abo sol i
solution by renoval - of ODCB by distillation. The solution was not
super heat edsalatedi PERedPS-afiiikatmplhe] hmiaCempanadeEsampib 1fwére aesed for mmoungh a

conbi-nati on .of t sintered neta rlor to i sol ation of

pol yneric ort;ﬁf"@lcmgfe Py Ry V’e‘lfkff’ ftl tF’bzﬂ érpﬂlﬂ@"?}8|°9%ﬂfalsﬂ§?eu al
was per f or Hagicumitedd waéueaeﬂhﬁqe@ta%&mam ”rh%Cfoﬂqung FoRERIrbNISixN b N&MEE NY
extruder having 10 barrels (L/D (%) 2- hole d| e plate; and six vents,

two of whi shmplerbettiesorithepblygsst gapawens subh@tedfte@dsnp@mtofa“ﬂw@pmr totrethosie
at nospheri t her

d t f)
She t oa pdPt PGS Bissited hBofls Sierd BH rts i bfal BRSYS e sHBRGhe " oo
i nches of gEHOW)Y mﬁ%hlﬂum Qﬁbe"Q))f)the OMC12 WD 28T foCeatR Rhmple l?cﬂﬁe dnder e

| ocated at extruder barrel and on a side feeder connected to barrel 2 of
the extrudéep Usegmelbighthen, yhe mireberedvisble specks owilberadwcremrded:fqrwaclm t he

extruder a t' [ | ocat.ed. at, the downstre e_of arrel
munber 2. S OUEC (b rTo B aBSGLCS Bioh, Il VS st S Rg % o

PCT/ uszoo%ﬁ&ﬁﬁ&ﬁ msmomattedhé Gotthee cdtainifle CHLL; barwelsampRbf edch
Finally, the extruder was not cleaned prior to the run, but was purged for

some time Wolated pRlymsrie matsrigl wste Rrepatedidlong with two blanks. "The samples were
allowed to dissolve and then viewed in the lightbox for the presence of visible specks.

The results of the visible particle analysis for the blank, Example 1, and Comparative

Example 1 are found in Table 2.

Particulate impurities ranging in size from 5 to 100 micrometers present in the filtered
materials were detected using a Pacific Instruments ABS2 analyze_r which employs a
laser light scattering technique. A 16.0 gram sample from Example 1 was dissolved
in 400 mL of CHCI; contained in a clean polyethylene bottle. This procedure was
repeated with the Comparative Example material. A 20 mL quantity of each sample
solution was allowed to flow through the ABS2 analyzer detector at a flow rate of 1
mL/minute (+/- 5%). The amount particulates ranging in size of about 5 to about 100
micrometers present in the sample was measured in the detector during this process.
Five samples are taken from each bottle and averaged to yield the final particle size
number. The results of the ABS2 analyzer particulate analysis for Example 1 and

Comparative Example 1 are found in Table 2.
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The results of the above experiments show that the method used in Example 1

resulted in PPE-xPS material having significantly reduced amounts of particulate

impurities when compared to Comparative Example 1. The additional filtration of the

solution of Example 1 through a 13 micrometer sintered metal filter resulted in a

material having greatly reduced amounts of particulate impurities having sizes of 15

micrometers or smaller. Example 1 further illustrates the isolation/devolatilization of

a relatively low weight percent solids solution comprising polyphenylene ether and

polystyrene. The superheating of the polymer-solvent mixture allows for the efficient
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Particle size Raw Data Bl ank Raw Data Bl ank Raw Dat a
(mcrometers)Particles/m Corrected Particles/m Corrected Particles/m
Particles/granParticl es/gram 521.872456. 464. 321517. 603. 616

104. 1282. wdQ0053424F . 800. 824 151. 91239. 62. 26448. 400. 328 PpCT/US2004/027605
201. 70420. 41. 84824. 000. 888 300. 442. 20. 84812. 400. 352

400. 04- 3. 20. 072- 2. 400. 168 500. 4084. 20. 70711. 680. 24

1000. 3366. At 31 800eATt (T b Fut0 bf CIHEARANE IRARRIC 1Y hovidions t hat
anpl e | I - e Vi ng

the net hod used in Ex resulted in PPE-XPS material h

si gni f i cantsojatedepplydgngleneether-pdlyshmené carhpasige. i mpuriti es when conpared to
Conparative Exanple 1. The additional filtration of the solution of

Exampl e | throu 13 m.croneter sjptered tal . filter result | ne.a
material hge{lirn%&%rpg%ﬁr?%aﬁ’ggedm&ﬁ?&% wersy PGSE’WF% {9 & ‘és"ﬁLFp‘?}Fi‘P‘?ﬁg%d Rhvi ng
si zes of lmeltnfiéritEhemslt WonfpiingepolyphcayRhe elhefrtax{dhﬁélystweuéttbaﬁoﬂﬁ_é he

i sol ation/devol atilization of a relatively |ow weight percent solids

sol uti on cBAYPICEE Mmpterial Pavies jadased leveleef pardculge imBentiesne. The super heati ng
of the polyner-solvent mxture allows for the efficient 62 WO 2005/ 021649

T S2004 EAARTROS ST i S8 i W68 IF Gk Epeper o e

conposi t e. pbader, 8:33n{M evailable. fréax aGP | Rastius)sand- ol ystese RS, Novacort2272;

I Tustrat e]\ﬁvbeZm?(S(;b? gf.7],600, Mw/Mn 2.99; available from No'va Chemical) was
compounded in a 40 millimeter (mm) compounder with a vacuum vent. A vacuum
was applied to the vent at about 20 inches'of mercury (508 millimeters of Hg). The
compounded material was fed to a single screw extruder equipped with 3 barrels

(zones). The extruder was equipped with a sintered metal filter (PALL, 3 micrometer

pores, candle geometry) located at the extruder die head.

The extruded melf strands were run through a clean, filtered water bath, the water
having been filtered through a 10 micrometer filter to remove rust and impurities.
The cooled strands of extruded polymeric material were dried and pelletized. Batches
of the extruded melt were collected throughout the run, about every half hour. The-

extruder processing conditions are provided in Table 3.

The procedure of Example run 2 was repeated for Example run 3 except that a 30 mm
compounder was employed. The extruder processing conditions for Example run 3

are also provided in Table 3.

The procedure of Example run 2 was repeated for Example runs 4 and 5. The PPE-
xPS formulation for Example runs 4 and 5 was a 50/50 percent by weight blend of
0.33 IV PPE and EB3300 grade xPS (Mw 276,000, Mn 51,500, Mw/Mn 5.36;
available from Chevron Phillips Chemical). A 40 mm compounder was used for
Example run 4, while a 30 mm compounder was used for Example run 5. The
processing conditions for Example runs 4 and 5 are provided in Table 3. For all of the
Examples the drive, rate, pressure, and melt temperature are averaged for the entire

nn.
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melt filtering a melt conprising pol yphenyl ene ether and pol ystyrene to
forma polyneric material having reduced |levels of particulate inpurities.
Exanpl e r : 40/ 60 percent by wei ght bl end of pol yphenyl ene ether (PPE,
powder , 0%&\,}2%‘)%&&@ ilable from GE Pl astics) and pol ystyrpgﬁ SGW@,”(’R%vacor
2272; Mwv 214,000, M 71,600, MM M1 2.99; avail able.from Nova Chem cal)
was conpounded in a 40 mllimeter (nm conpounder with a vacuumvent. A
vacuum WasTaébirﬁ-i ed to the vent at about 20 inches of nercury (508
mllinmeters of Hg). The conmpounded material was fed to a single screw
extruder €QELRRET W TIT 3 barjel ( eS). g ExtruderTas equipped with a
sintered netal filter (PALL porles, candlje geonetrly) | ocated
at the extwuder—di-e-head-—Th stirands werle run-through a
clean, fill8PetQater bath, | #He wat ef %havi ng |Baen fil t|&P2d t hrough a 10
mcroneter, filter to renove| rust and|inpuritids. The gool ed strjands of
extruded pdoyex€x nateri al | 2ere drig&)and pelll2zéai zed. [Babches pf the

extruded nrelt were coll ected throughout the run, about |every half hour.
The- extrt%ﬁe'ﬁséy,655i My COfBHTT OIS B proviggg; T tagti 3 The] procedure
of Exanple run 2 was repeatped for Exanple run|3 except |{that a 30 mm

Corrpounder%s_e,c(géLoygd__Ihe_egﬁtrudm processitng conditlions for Exanple run
3 are al $&5IBFd¥iQed i n Tab)¥73. The|ptlocedur ¢ 26t Exandl@7run 2 las -
repeated flor Exanple runs 4 and 5. The PPE- xPS fornul gtion for Exanple
runs 4 and Fiitenase@ 50/ 50 perment by Wwerrght bl gnez of 0.[337T7V PPH and EB3300
grade xPS|(Mwv 276, 000, WM 51,500, Mm M 5.36; | avail ablie from Chevron
Phill'i ps CEhEermgeat)y—A 46— rpothtet-was—useg-For—bEiagpte—+rurf 4, while a
gﬁenkd%r was used flor Exanpl «é27r7un 5. T‘%é proce?z ng conditions for

30 mm co
Exanple runs_4 and 5 are priovided inl{Table 3. {For all qgf the Exfanples the
drive, rat&rep@aure, and MPlt tenpet®t ure aféSaveragddSfor the entire
run. 63 2005/ 021649 Tablje 3. PCT/ US2004/ 027605 Exanpl e2345

Drive (amps) - 8.0 7.4 10.0 11.0

Rate (kg/hr) 6.1 6.9 7.0 6.8

Filter In Press. (kg/cm’) 198 Co 227 201 275

Filter Out Press. (kg/cm®) | 26 14 25 27

Filter In Melt Temp. (°C) | 278 318 279 281

Filter Out Melt Temp. (°C) | 292 298 296 296

Visible Specks (avg.) 33 2 1.6 1.7

Filter Type/pore size PALL candle, | PALL candle, | PALL candle, | PALL candle,

(micrometer) 3 3 3 3

Samples from the runs of Examples 2-5 were tested for visual particulates according
to the following procedure. Samples of polymeric material for each run were taken
about every half hour for each of the Example runs (2-5). Each sample was tested

twice for visible particulates. Two ounce sample bottles with polyseal caps were
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Zone 1 (C) 232232232232 Zone 2 (C) 260260260260 Zone 3 (C) 277277277277 Filter
| (Q) 277277277277 Filter 2 (277277277277 Die (C) 277277277277 Screw
(rpm 851008585 Drive (anps) .8.07.410.011.0 Rate (kg/hr)6.16.97.06.8 Filter
I n Press. WOKRgAZIR64P198227201275 Filter Qut Press. (kg/ cRLPASA002627/60F |t er
In Melt Tenp. (C) 278318279281 Filter Qut Melt Tenp. (C) 292298296296 Visible
Specks (avg.)3.321.61.7 Filter Typel/pore size PALL candl e, PALL candle,

PALL candl gubjeAbd tcangtan of fileicdndt &F dehibdye apdipattRsldiésOpredcie THO Botliks
Exanples 2-5 were tested for visual particul ates accordi ng@Hto t he

fol | owi ng st disaransedanith asmnll paeyHei BPHatsrdearhlpforantGHELR Wity t aken

bout ery. . f any -5) . ch e was
fosted” twiilRis (O of PPLEGHRAR CHOR QIR (& Sampk vl LRREPS
pol yseal cdigbtborythe GAmBEr 200G @es GIATHISAA0 4¢d02dcd0br sadhj EHCRGBldnk. a

stream of fil ed air to renove any particul ates present. The bottles
vere then ¢} ﬁégé &g H’“H’%Frﬁ?la Séﬁ’Bla.an‘(”a%f” eigbeE oyt au @ eanorlBmiim puHend)

Fifty mlLjkdg@r P. : C13y,: |
bott 1. " Usrag 48 e Shte Sl S acmeiBE EHOI Pt BrocRine o RARE (BAIRE
recorded feamplac Ahekiiflebivardallowtd 10didh]gr arh themvietvedin the Sightbbe fovake wei ghed

out on a clean al L%m
presence o

istble sjg)%cg(s{ingn average number of specks were calculated for each
run, four runs total (Examples 2-5). The results of the visible particle analysis for

Example runs 2-5 are found in Table 4.

Two samples from Example run 3 (Ex. 3, S1 and Ex. 3, S2), one sample from
Example run 4 (Ex. 4, S1), and two samples from Example run 5 (Ex. 5, $1 and Ex. 5,
S2) were tested for particulate content according to the procedure below. Amounts of
particu]atés having sizes ranging from 5 micrometers to 100 micrometers were
determined using a Pacific Instruments ABS2 analyzer which employs a laser light
scattering technique. A 40.0 gram amount of each sample was dissolved in 400 ml of
HPLC grade CHCI; contained in a clean polyethylené bottle. A 20 ml quantity of
each sample solution was allowed to flow through the ABS2 analyzer detector at a
flow rate of 1 mi/minute (+/- 5%). The amount of particulates of varying sizes
present in the sample was measured in the detector during this process. Each sample
was tested five times and averaged to yield a final number. Two comparative
examples were prepared and tested. Comparative Example 2 (CE 2) was an unfiltered
blend of 50/50 weight percent 0.33 IV PPE/EB3300 grade xPS. Comparative
Example 3 (CE 3) was optical quality polycarbonate (OQ-PC, LEXAN® 1050
available from GE Plastics). The results of the ABS2 analyzer particle analysis in
particles per gram can be found in Table 4, along with the blank data (CHCl; alone).

Table 4.

Example, | Particulate Size (micrometers)

Sample# | 5 10 15 20 30 40 50 100
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The results ‘of the above experiments show a significant reduction of particulate

impurities between the unfiltered sample (CE 2) and the corresponding filtered

samples (Ex. 4, S1; Ex. 5, S1; and Ex. 5, S2). Furthermore, the particulate impurity

level of the Examples of the present method is comparable to or better than OQ-PC

with regard to particulates of 15 micrometers or greater.

While the invention has been described with reference to a preferred embodiment, it

will be understood by those skilled in the art that various changes may be made and

equivalents may be substituted for elements thereof without departing from the scope

of the invention. In addition, many modifications may be made to adapt a particular

situation or material to the teachings of the invention without departing from essential

scope thereof. Therefore, it is intended that the invention not be limited to the

particular embodiment disclosed as the best mode contemplated for carrying out this

invention, but that the invention will include all embodiments falling within the scope

of the appended claims.
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Ex. 5, S11919.9143.744.320.12. 40.60.20 Ex. 5,
S21117.5114.842. 926. 63. 61. 80. 20 CE 26901. 251237. 5500396. 258523. 75305 CE
3317.00058. 8852. 8814. 883. 38. 0. 7500 CHC1315. 153. 651. 250. 250000 The results
of the abW920ePdé4%nents show a significant reducti on ofPCEAIS2ISORTIE
inmpurities between the unfiltered sanple (CE 2) and the correspondi ng
filtered sanples (Ex. 4, SI; Ex. 5, Si; and Ex. 5, S2). Furthernore, the
particul at €LAPMS:ity |evel of the Exanples of the present nethod is
conparable to or better than OQ PC wth regard to particul ates of 15

m cronmeters or greater. Wile the invention has been described with
reference to a preferred enbodinent, it wIll be understood by those
skilled in the art that various changes may be nade and equival ents nay be
substituted. f or Aememeaios piparieol pmﬁﬁﬁaha@m%wgsiﬁxgpm the scope of the
invention. In addition, many nodifications may be nmade to adapt a
particular situation or material to the teachings of the invention w thout
departing ffasHne asuprghydroxy asp@ati¢, eprappundTinethe frsgsence) of # satalyseoaggent hat t he
i nvention Wey! i cul ar enbodi ment discloséd as the
best node ?g%?gﬁgkggéﬁﬁﬂbﬁ8@§¢@§Fﬁ§&%ﬁ’ this invention, but that the
invention wll include all enbodinents falling within the scope of the
appended cl@imtaning he\lWo! R 60Sene 2114w ACT pbISR0ReHyD 2roaRb c) o AbMBa niixtufe; met hod of
preparing a polyneric material, conprising: reacting a nonohydroxy aromatic
conpound in, the presence of a catalyst, oxygen, and a sqlvent to forma
pol y(aryl eSBaiRg 4 PO cn’?’ﬁﬁ”a]hg"%‘o{“g‘?(’a TenWherethe m?rrne% pwteiah| keny!
aromat i c) kombScpalyrklet Siheh)ahd pblyfilkéhyPROHIRE), Gndmi er [ al. from { he

m xture, wherein the polymeri¢ material “conprisés poly(arylene ether) and
pol y(al kenyl aromatic); and purifying the nonohydroxy aromatic conmpound,

t he” sol venPurifying theinmqrehydronk armpatic)compohed, gbé y¢luérit ety Ipobanylene ejher); he

m xture, t I1C e al, Qr a combjnation of  the foregaing.to
result in pﬁﬁ%%@né*’u aég‘%rré@ér fhei mixtur, the oo SCHPETIYy °K/F§P‘B'E’E'%“°" 3t
the foregoing to result in the polymeric material substantially free of visible

particulate impurities.
« 2. A method of preparing a polymeric material, comprising:
combining poly(arylene ether) and poly(alkenyl aromatic) to form a mixture;

obtaining a polymeric material from the mixture wherein the polymeric material.

comprises poly(arylene ether) and poly(alkenyl aromatic);

purifying the poly(arylene ether), the poly(alkenyl aromatic), the mixture, the

polymeric material, or a combination of the foregoing; and

. packaging, storing, or packaging and storing the polymeric material, wherein'.the

polymeric material is substantially free of visible particulate impurities.

3. The method of claim 1 or 2, wherein the poly(alkenyl aromatic) and the

poly(arylene ether) is in the form of a solution, melt, or solid.
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particulate inmpurities. 2. A nethod of preparing a polyneric material,
conprising: conbining poly(arylene ether) and pol y(al kenyl aromatic) to

forma m%’to%@s;/oztlﬁgf[ aining a polyneric material fromt h%&%}z@%@? erein
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h i ' h | j ial, . i i f th i :
bnd phckagihg. | SEMROT o SalR )i et SiePine oh BTt pab et bRAFEE o
wherein . tho@yafRny fgﬁ{&ﬁgﬁﬂaﬁfﬁfgtﬂeﬂyﬁ aﬁii'lba‘ifc?‘% irstl ¥ thélesiffure/bs bﬁh&ﬁng

particulate i'nmpurities. met hod of claiml or 2, wherein the

pol y( al kenyolyiaryteat ether)and polyéalkegroll wloanagickinghe presericeiof asolverdte form of a
solution, nelt, or solid. 67 WD 2005/021649 PCT/ US2004/ 027605 4. The net hod

of claiml or 2,.wherei e mxture,is. fornmed, by, nel l. endi

ol y(aryl ern o MbTfod ot conl) B o FnérBigl B¢ PR @YeREpthe i etet frmp o

or - bl endi n@eadfioh Yigfuyd Eitte@tfReh reatfitlg RIRd dHoAdIRINYY AoMABE ic6pbind MEthBr esence
of a solvent. 5. The nethod of claim| or 2, wherein the poFy(aryI ene

ether) is iPseseagecf the eatalyst, oxygen.iapd spivaitur e forned fromreacting the
nonohydroxy aromatic conpound in the presence of the catalyst, oxygen, and

solvent. 6.5 The Qi al L £ : ] i
-obt ai ned paékaggg,% andP éfté(i)lrngfijg’: ﬁhgﬁﬁgﬁ%?@ﬁ@ﬁw s‘%'}f;ggt‘%ﬁ‘ft?‘g‘fﬁk‘?‘lﬁ %éed?of
parti cul at end stowedi ihias €nvivonnidne sutastanddllpfrecogpamidulaie idpurittesr ei n t he

pol y(aryl ene ether) conprises a plurality of structural units of the
structure Q wherein for each . structural unif, eac i s independently
hal ogen, pri mar yP§rmetiad o Haip 531‘”(#’ ‘é(l‘?(ﬁ'l“, &’ﬁfﬂﬁx)dgry??{%’l ‘Efa?’Sﬁo, PEAtSndal kyl ,
hydr ocar bonirility @F strudd@hPEME 76/ KRRy Wherein at |east two carbon atomns
separate the ha?,ogen and oxygen atons; and each Q2 is independently '

hydr ogen, hal ggen, primary or secondary |ower al kyl, phenyl, hal oal kyl,
hydrocarbonozﬁ, ﬁf hal ohydr ocar bonoxy wherein at |east two carbon atons
separate the ogen and oxygen atons. 8. The nethod of claiml or 2,
wherein th ODkenyl aromatic) contains at

Q¢ Q'

wherein for each structural unit, each Q' is independently halogen, primary or
secondary C,-C; alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or
- halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms; and each Q2 is independently hydrogen, halogen, primary or secondary
lower alkyl, phenyl, haloalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at

least two carbon atoms separate the halogen and oxygen atoms.

8. The method of claim 1 or 2, wherein the poly(alkenyl aromatic) contains at
least 25% by weight of structural units derived from an alkenyl aromatic monomer of

the formula

R'—C:CH2

@—(Z').,

wherein R is hydrogen, C,-Cs alkyl, or halogen; Z' is vinyl, halogen or C,-Cyg alkyl;
andpisOto 5.
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| east 25% by wei ght of structural units derived froman al kenyl aromatic
nmononmer of the formula R-C=CH2 0&(Z' )P wherein R is hydrogen, Cl-C8

al kyl, or halogen; Z' is vinyl, halogen or C -Cg alkyl; andpisOto5. 68 WD
2005/ 021649 PCT/ US20047027605 9. The nethod of claim| or 2, wherein the
polyneric material is obtained in the formof a pellet, powder, or fl ake.
10. An article conprising the polyneric material prepared by the nethod of
claim | orwdauwdmereed n the article is forned by injeck¢ouszomlozticesg, direct
injection nolding,. blow nolding, extrusion, sheet extrusion, film
extrusion, profile extrusion, pultrusion, conpression nolding,

t her nof or mi ngd- pr dbe medod efrakimd, or By whesdin theipplymery meteréal isobtaingd Hithy. 69

form of a pellet, powder, or flake.

10.  An article comprising the polymeric material prepared by the method of claim
1 or 2, wherein the article is formed by injectibn molding, direct injection molding,
blow moldiné, extrusion, sheet extrusion, film extrusion, profile extrusion, pultrusion,
compression molding, thermoforming, pressure forming, hydroforming, or vacuum

forming.
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