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bonds (as, for example, in (meth)acrylate resins, vinyl resins, unsaturated polyesters,

and the like), the poly(arylene ether) is typically functionalized with groups that can
be copolymerized with the reactive carbon-carbon double bonds or triple bonds of the

resin. As used herein, the prefix “(meth)acryl” means acryl- or methacryl-.

[0003] Poly(arylene ether)s are often produced by oxidative polymerization of
a monohydric phenol, optionally in the presence of a polyhydric phenol, in a good
solvent for the product poly(arylene ether). Various techniques of isolating
poly(arylene ether)s from solution have been described. Some poly(arylene ether)s
have been isolated from solution by precipitation in an antisolvent, such as methanol.
However, such precipitation methods often produce poor yields of poly(arylene
ether)s with low molecular weight and/or high relative concentrations of phenolic

hydroxy groups. Some poly(arylene ether)s have been isolated by a so-called
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cools the extruded composition without water immersion of the extruded composition.

[0006] Another embodiment is a method of isolating a poly(arylene ether),
comprising: removing volatiles from mixture comprising a poly(arylene ether) and a
solvent by devolatilizing extrusion to form an extruded poly(arylene ether); and
cooling the extruded poly(arylene ether) with a cooling belt to form an isolated
poly(arylene ether); wherein the isolated poly(arylene ether) is selected from the group
consisting of a polyhydroxy poly(arylene ether) comprising, on average, at least 1.5
hydroxy groups per molecule, a polycapped poly(arylene ether) comprising, on
average, at least 1.5 capping groups per molecule, and mixtures thereof; wherein the
isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to about 0.15
deciliter per gram as measured in chloroform at 25°C; wherein the mixture comprises

about 65 to about 85 weight percent poly(arylene ether) and about 15 to about 35
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wherein each occurrence of Q' and Q% is independently methyl or
di-n-butylaminomethyl; and each occurrence of a and b is independently 0 to about
12, provided that the sum of a and b is at least 1; wherein devolatilizing extrusion
comprises feeding the mixture to an extruder comprising at least one barrel having a
temperature of about 210 to about 230°C, and at least vent having a pressure of about
25 to about 35 kilopascals; wherein the mixture is fed to the extruder downstream of
at least one vent; and wherein a portion of the isolated poly(arylene ether) is recycled

for addition to the feed throat of the extruder.

[0008] Another embodiment is a method of isolating a poly(arylene ether),

comprising: removing volatiles from a mixture comprising a poly(arylene ether) and a
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comprises feeding the mixture to an extruder comprising at least one barrel having a
temperature of about 210 to about 230°C, and at least one vent having a pressure of
about 25 to about 35 kilopascals; wherein the mixture is fed to the extruder
downstream of at least one vent; and wherein a portion of the isolated poly(arylene

ether) is recycled for addition to the feed throat of the extruder

[0009] These embodiments and others, including poly(arylene ether)s prepared
by the methods, are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Referring now to the drawings wherein like elements are numbered

alike in several FIGURES:

[0011] Figure 1 is a plot of residual toluene concentration as a function of melt

temperature for devolatilizing extrusion of a particular poly(arylene ether);
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extrusion apparatus 100 comprising an extruder barrel 80, a dry polymer addition
point 20, a polymer solution addition point 30, four vents 40, a die 50, and a cooling

belt 110;

[0015] Figure 5 is a pictorial representation of a particular devolatilizing
extrusion apparatus 200 comprising an extruder barrel 80, a dry polymer addition
point 20, a polymer solution addition point 30, four vents 40, an auxiliary extruder
210, a gear pump 220, a die 50, and an enclosed chamber 230 that comprises a flaker

60 comprising two counterrotating rollers 70, and a cooling belt 110.
DETAILED DESCRIPTION OF THE INVENTION

[0016] The present inventors have discovered that many of the problems
associated with previously known methods of separating a poly(arylene ether) from a
solvent are reduced or eliminated by a method of separating a poly(arylene ether) from
a solvent, comprising: removing volatiles from a mixture comprising a poly(arylene
cther) and a solvent by devolatilizing extrusion to form an extruded composition
comprising the poly(arylene ether); and cooling the extruded composition with a

cooling device; wherein the cooling device cools the extruded composition without
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twin screw extruder with a ratio of screw length to diameter (L/D) of about 10 to
about 80 and comprising of a dry polymer feeding zone, at least one liquid feeding
zone, at least one devolatilizing zone (for example, a vacuum vent), at least one

pumping section, and a die.

[0020] Three particular embodiments of the devolatilizing extruder are
depicted in Figures 3-5. In Figure 3, the particular devolatilizing extrusion apparatus
10 comprises an extruder barrel 80, a dry polymer addition point 20, a polymer
solution addition point 30, four vents 40 for removal of volatiles, a die 50 from which
the devolatilized composition is extruded, and a flaker 60 comprising two
counterrotating rollers 70. In this embodiment, the cooling device consists of the

flaker.
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[0024] In some embodiments, the cooling device is maintained at a
temperature of about -30 to about 150°C, specifically about 0 to about 80°C, more
specifically about 25 to about 50°C. It will be understood that the temperature of the
cooling device may momentarily rise above the specified temperature when it contacts
the extruded composition. In some embodiments, the cooling device is capable of
cooling the extruded composition to a temperature of about 20°C to the glass

transition temperature of the poly(arylene ether).

[0025] In some embodiments, the cooling device comprises a cooling belt.
Suitable cooling belts include the steel cooling belts commercially available from
Sandvik Process Systems LLC, Totowa, New Jersey. Cooling belts may, optionally,

be cooled with air or a liquid such as water, glycol, liquid brine, and mixture thereof.
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efficiency particulate air (HEPA) filters, dust collectors, electrostatic air filters, and
the like. In one embodiment, the environment where the cooling occurs has a clean
room class rating of about 100,000 or better. A clean room rating of 100,000 is
equivalent to the maximum number of particles (100,000) having a size greater than
or equal to 0.5 micrometer per cubic foot. A clean room rating of about 10,000 or
better, may be used, with a clean room rating of about 1,000 or better preferred. The
rooms or equipment where the poly(arylene ether)-containing composition is cooled
may be enclosed in a positive pressure system wherein the system’s air is continuously

filtered to remove airborne particulates.

[0029] In some embodiments, the mixture comprising the poly(arylene ether)

and the solvent is a solution.



[0024] In sone enbodi nents, the cooling device is

mai ntained at a tenperature of about -30 to about
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specifically about 25 to abwout 50C. It wll be

understood that the tenperature of the cooling device

may nonentarily rise above the specified tenperature
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cool i devi ce .c .ises a flaker .(in [ - 4
PR PR SR RIS Py P gt PREERF et poiting
sveR@K Supdthé&ating o EheCipdyrheiGsotiemi Gextarmpiy Beschieved &y hasting the

pell'etizer and a cooling belt. In sone enbodinents,
mi¥{BredHgp] R§SSHEYi ce conprises an apparatus for pastille

formation and a cooling belt. Processes and
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p(ﬁlegszgp’n?l?s,g pgs(%illlég,oﬁﬁrcfslj ks?rands, sheets, flakes, and the like. Methods and
apparatuses for forming such physical forms are known in the art. For example,
pellets may be formed by die face pelletization. As another example, pastilles may be
formed by the methods described in U.S. Patent Nos. 4,154,379 to Schermutzki and
4279,579 to Froeschke. In some embodiments, the extruded composition is
transferred to the cooling belt in the form of a film, a strand, or a sheet, and the
method further comprises breaking the film, strand, or sheet into flakes or irregular
particles. Suitable apparatuses for breaking a film, strand, or sheet into flakes or

irregular particles are known in the art and include, for example blades and finger

breakers.

[0032] The method may further comprise packaging the cooled extruded
composition. Suitable packaging materials include, for example, reinforced paper

bags, boxes, and fiber drums.
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[0034] In some embodiments, the method further comprises removing
volatiles from the solution prior to the removing volatiles via devolatilizing extrusion.
In other words, the solution may be pre-concentrated prior to devolatilizing extrusion.
For example, a poly(arylene ether) synthesis reaction mixture may contain 30 weight
percent poly(arylene ether) in toluene, and this solution may be concentrated to 50

weight percent poly(arylene ether) before introduction to the devolatilizing extruder.

[0035] In some embodiments, the devolatilizing extrusion comprises adding a
solid polymer to a first section of an extruder, and adding the solution to a second
section of the extruder downstream of the first section. There is no particular
limitation on the solid polymer added to the first section of the extruder. In some

embodiments, the solution consists essentially of a solvent and a poly(arylene ether),
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[0038] The solution introduced to the devolatilizing extruder comprises a
poly(arylene ether). Suitable poly(arylene ether)s include those comprising repeating

structural units having the formula

72 7!

72 A

wherein for each structural unit, each occurrence of Z' is independently halogen,

unsubstituted or substituted C;-Cj, hydrocarbyl provided that the hydrocarbyl group
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hydroxyphenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-
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2 A dwtiria - hylhoX}eB-mﬁﬂaylphenyl)heptane 2,4-bis(4-hydroxy-3-
methylphenylisopropyl)phenol, 2,4-bis(4-hydroxy-3,5-
dimethylphenylisopropyl)phenol, tetrakis(4-hydroxy-3-methylphenyl)methane,
tetrakis(4-hydroxy-3,5-dimethylphenyl)methane, tetrakis(4-[4-hydroxy-3-
methylphenylisopropyl]-phenoxy)methane, tetrakis(4-[4-hydroxy-3,5-

dimethylphenylisopropyl]-phenoxy)methane, and mixtures thereof. In some
embodiments, the polyhydric phenol comprises 3 to 8 phenolic hydroxy groups per

molecule.

[0041] In some embodiments, the poly(arylene ether) is a bifunctional
poly(arylene ether) prepared by oxidative copolymerization of 2,6-dimethylphenol and
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane. An illustrative initial reaction

mixture composition for oxidative copolymerization of 2,6-dimethylphenol and



Z2 71\ | O Z2 Z1 wherein for each structural unit,
each occurrence of Z1 is independently hal ogen,
W@ @488 ut ed or substituted Cl-Cl2 hydrocar bRCT/US2008/059249
provi ded that the hydrocarbyl group WO 2008/ 124488
PCT/ US2008/ 059249 12 is not tertiary hydrocarbyl,
Cl-Cl12 hydrocarbylthio (that is, (Cl-Cl2

2 DycﬁIJ(Q 6&1151)6*1@54)hydr %&k@l)ﬁ%gﬁ&flﬁré@)&bDKWS Olﬁpﬁisty weight

erein at | east two carbon

ofsiﬁ%%péf;fn%énﬂan B35 vt xcpigiaht af oplsenen 0> daiEh by weight of
GOFENAEFNGE 1375 Bl By uio AT BERSEM LA, P AR oc A BLATEY weigh

ofb aoiathétk tiat cdr@ining dNQé’adhbyﬂyleg[}d)madIamlm tantl eahtlecaﬂ ydimethyl
hydr ocar byl rocar byl.thio

Cl-Cl12 h
alﬁ%r%?}ﬂ%l%@e ynd gé 3 @auiy WeLght H% F%%%(FWP%%}“%W@%@ - Weight
pé’i‘Eentl €8 HWMAqERLY %d%g‘%ﬁsbl%ﬁﬁéé at gng kfolfi‘[ﬁlﬂ,‘I‘i’zﬁhﬁFﬂ}naﬂﬂc‘uon is

oxygen atons. [0039] In sonme enbodi ne
andhg't(aélbw @mgobinigethy t@ronmﬁusaesndz ogygtnnesmpsritration in the reaction

Veféé 6l Jﬁge?rﬁ% 1512 eor£ CB]FP ﬁ)}ll’x gheepcgmg?zadﬁp reactlon mlxture is about

sl'}_")iatr in@iMliont ke weight bdsed %ﬁﬁﬁe ﬁﬂil&délglﬁrﬁﬁthe tehietlon mixture, or
arylene ether) is a (2,6-dineth

r4§9 aMels grehaniflionThg WW (bausegd end wf%%f)t Qfal??lﬂéﬁ‘&)‘?’lesf‘éher)

pﬁﬁh&cu&ﬁé <{5ﬂ¥él{ﬁq i gﬁ%ﬁ)ﬂylen%o&fl&? ﬁi(r) e cf riﬁ tﬁ?~I ; Oxayrlzatlon

typi cal ocate osI'tion or
regctmmpmlxtﬂiesm 29. &qumghtl perq:nneslmsﬁd am g¢he total weight of the reaction

t et t hyl dj T
i e PRSHE Dot RBYARIRCE. B AP gy R gy of
O T b B B BB P ene other) can be

in the formof a honopol ynmer, a copolyner, a graft
copolOgART In some mlmcﬁmmnts;rthapb]ly(wﬂenec dpal) ysrecappad pabidrylene

%} go 4{138&% @ﬂrylle e §ﬁ1ﬁgg]érﬁ) é)afyﬁg&]tegleq ee{}}%]:g) N hich at least a
pcﬁ“ﬁbﬂ Gﬁfhwt%ﬁnﬁtﬂh@ﬁahcmﬁysg@(@ups‘m c@f)@ﬂ K68 a ca@bnig&%éﬁt via an

5 hydroxy groups per nolecule. Such poly(arylene
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ether)s with reactive groups are known in the art. See, for example, U.S. Patent Nos.
6,306,978 B1 to Braat et al. and 6,627,704 B2 to Yeager et al. One example of such a
procedure is the reaction of the uncapped poly(arylene ether) with methacrylic
anhydride in the presence of 4-(N,N-dimethylamino)pyridine as catalyst. In some
embodiments, the poly(arylene ether) comprises, on average, at least 1.5 capping
groups per molecule. Such capped poly(arylene ether)s may be prepared by capping
poly(arylene ether)s comprising, on average, at least 1.5 phenolic hydroxy groups per

molecule.

[0043] In some embodiments, the extruded composition comprises a

poly(arylene ether) having the structure
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1, 1- bi s(4=hydroxy- 3- met hy{phenyl)cycl ohexane, —

1, 1- bi s(4- hydroxy- 3, 5- dlnethylphenyl)cyclopentane

1, 1- bis(4-hydroxy-3, 5-dinethyl phenyl)cycl ohexane,
wherkinbll b{sAthbgaluagmge- 3- et hyl phenyl ) cycl ohept ane,

1, 1- bi s(4- hydr oxy- 3, 5-di met hyl phenyl ) cycl oheptane, 1,1
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bi s( 4- hydf oxy- qgnethylpﬁényl)cypﬁooctaneR51 1

- bi s(4-hy 5- di

1, 1- bi s( 4} -Ll, 1-

bi s(4- hyd

1, 1- bi s 4t - R & r——

1, 1- bi s(4} S Iodecane 1,1-
bi s(4- hyd e ) 1

- bi s(4- hyfdr oxy-3,/5- diXxet hyl pheny, )cycloundecane, 1, 1
- bi s(4- hygdr oxy-,3- net hyl'ghenyl ) cy¢l ododecgne, 1, 1
- bi s(4- hydr oxy-3, 5-di nethyl phenyl ) cycl ododecane, 1, 1
- bi s(4- hydroxy-3 -t- butyl phenyl) propane,
2 2-bi s(4-hydroxy-2, 6-di net hyl phenyl ) pr opane
erznmagle @CCWHF%%B%M&%WH% § 58 %teg %_Om the group
ohs %aﬁg ﬁy OKUp nuﬁs)usytﬁhfee%pgmatutéd &1 113 (ctrocarbyl
ydr oxyphenyT) tycl ohéxane,
pﬁbv'ﬁlecl{hat itts(18/dBecditiyb ghoyp isdndt yettixydiydroghibet, dr€ll , 1, 1-

a%b)[l{i'rlllE% :Béll g 1 %F%ﬂ h ap éa& gl;gg]%gk}ﬂ]ﬁh_yfirocarbyloxy wherein at

1eléﬁtt'@/}) ReMBRABMS separate the halo gen and ox%gen atoms; x is 0 or 1; and Y has

3,5-tris(3,5-dinethyl -4hydroxyp enyI-I-lsopropyllden
a et}rtbémrg selected from the group cons1st1ng 0
R’ 0 S 0 0 R®
| I | I | o
0 , N C C S S an T
! R®

wherein each occurrence of Ry is independently selected from the group consisting of
hydrogen and C;-C;; hydrocarbyl, and each occurrence of R® and R’ is independently
selected from the group consisting of hydrogen, C;-Ci, hydrocarbyl, and Ci-Cs
hydrocarbylene wherein R® and R collectively form a C4-Cy, alkylene group; each



2 4, 4-tetraki s(3-net hyl - 4hydr oxyphenyl ) pent ane,

2,2,4,4-tetral ci s(3,5-di net hyl -4-

whsasoxsphenyl ) pent ane, PCT/US2008/059249

1,1, 4, 4-tetraki s(3-net hyl -46hydr oxyphenyl ) cycl ohexane,

1,1, 4, 4-tetrakis(3,5-di nethyl - 4- hydroxyphenyl ) cycl ohex
ane, 1,3,5-tris(3,5-dinethyl-4- hydroxyphenyl)benzene,

oébuﬁe&et bf 32(131§T&ﬁd615bnc¥bnﬂy diadogeph enyilbstianee re, substltuted C-Ci»

-bi s(2- hydroxy-5-nethyl benzyl) - 4- net hyl noL
h)@lr@ammﬁyfleétMt Ghet ]pycg«ec@ﬂm} Cgr@%ylsSnot tertiaty hydrocar yl, C1-Ci2

L

le2st tWe pm&bne atoms separate the halogen and oxygen atoms each occurrence of Z?
is r}gge § hn‘tgidﬁ(ggeh 6he$1cr)glge%( ﬁnsmégtgt%%(e\é or SrTg p[&eatter—]()ﬂz)hy%pocarbyl

r%vﬂie@ ttlizits (tﬂe h}ﬁ‘}’dh‘%&&bﬁ n%btﬂp/ | phep! )t'@ﬁﬁ&'}an ﬁydrocarbyl Ci-Ciz
4-bi s r ox

phenyl i sopr op pheno
hbzirqcatb}é e o Bpaabde ety en LB GBR ponasrein a

akls - h QX thyl
o YRS VTR A AS s » w2 oo
mﬁ%idhdkﬂt@( 4 1[041001 ieHged3that the sum of y and z is at least one; each
oqrcr:ggrg%gl@r)gqe zy(lPlélSoSé]?ig%p] r%!h;’e n}%a( ogent h?meth)acryloyl styryl methyl

i met hyl phenyl i sopropyl ] - phenoxy) met hane, and m xtures
Fereok enbodiyrents, the pol yhydric pheno
conpr i ﬁEFDQLi hydr oxy groups per
nol ecule 2sone | enbodi ments, the poly(aryl ene
et her) Ns_a_bhi functional poly(arylene et her) prepared

y oxidative copolyneri at&gﬂ 12 6- di met hyl pheno

and 2, 2-bi s(3, 5-di net hyl ydroxyphenyl)propane An

illustrative initial reaction mxture conpositiaon for

oxi diOHEInc spve mboilinaantss rthe fexgrudedd compesitigph ep@priggsoga ring-
fuﬁ\ ozr%, 12%%}?2 (%?yler%(éze/t}ll %cq%?;%%?né%ﬁeaﬁ% Strlrl%lﬁl‘aa}_llénlltssof élée formula

follows: 50192 parts by weight of 2,6-dinethyl phenol,

109581 parts by wei ght of toluene, 503 parts by wei ght

of di-n-butyl am ne E175 parkgibﬁjwclght of

di met hyl - n- but yl am Aeight of a

diam ne m x contain I hyl enedi am ne and

di decyl dinethyl a and 353 parts by
wei ght of a cat al ysi 1 6.5 wei ght

wherein each L!-L* is independently hydrogen, a C1-C;, alkyl group, an alkenyl group,
or an alkynyl group; wherein the alkenyl group is represented by



percent Cu20 in agueous hydrogen brom de. The
pol yneri zation reaction is conducted by controlling
WO b@stiz@aper at ure and oxygen concentration in tPEI/US2008/059249

reaction vessel. The concentration of copper in the
pol yneri zation reaction m xture is about 125 parts
per mllion by weight based on the total weight of the
reaction mxture, or about 420 pants per mllion by
wei ght based on the wei ght of poLy(arerne et her)
product. The concentﬁ%- (arylene ether)
product in the polynerlza agn \ggﬁlon m xture is
29. 8 wei ght percent based oR7the t | weight of the
reaction m xture. The product bifunctional

) ene ether) has an intrinsic viscosity of

o Mﬁtll@}ﬁpﬁéienﬁy Brigerseaghyn aeh i o Gflo 2 atr 4 stherein

042 ihjyents, the poly(arylene ether) is
m%aﬂt %1 y %7§$§%e ether). A capped pol y(aryl ene

ether) is a poly(arylene ether) in which at | east a

portion of the term henol i c hydgoxy groups is
capped with a capp|n3$ Cy=aCam—Lacyl ati on or

al kylation reaction or ‘exanpl e. Procedures for
cappi ng poly(arylene ether)s with reactive groups are

ABSHLL D 580 i oy, SETEL D 4, FL A B0 oo

0.¥2 ages pelcertlto abing 25xasip Iperoeﬁt b toaal Ip‘rIo Csalﬁst[taents irt the ring-

reacti.on of uncapped (aryl epe ther mnth
funetionadirsd e eﬁmﬁcﬁmﬁ'a arp 4 ﬁaa i alkgylgroups

4- (N, N-di met hyl am no) pyridine as catalyst. In sone

embodiod® " Rere {18 enoo?bﬁﬁ(:ﬁffa}/'lﬁﬁlﬁaﬁ%hh&{ thé PIRNASREe @1&@ in the
average,” at | east cappi ng roups per nol ecul e.

e)&mihd cappesitigro| Sn(@in}d anfeodimprds, )t nely(amlem etbara s py intrinsic
t.h
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240043}, dribudBnte TRONKIER Y Sow tiR@inSiét ViseiRy prm@@udneoaher) is

conprises a poly(arylene ether) having the structure
piefori200%e PRIY881ePCTgS 260 8205 9P HirinsiG vigqosity of abgut 0.1 to about

0.25 deciliter per gram. In embodiments in which a very low intrinsic poly(arylene
ether) is preferred, the poly(arylene ether) can have an intrinsic viscosity of about 0.03
to about 0.15 deciliter per gram, specifically about 0.03 to about 0.10 deciliter per
gram, more specifically about 0.06 to about 0.09 deciliter per gram.

[0046] In addition to the poly(arylene ether), the solution fed to the
devolatilizing extruder comprises a solvent. Suitable solvents include, for example,
halogenated aliphatic hydrocarbon solvents, aromatic hydrocarbon solvents,
halogenated aromatic hydrocarbon solvents, and combinations thereof. Specific
examples of halogenated aliphatic hydrocarbon solvents include trichloromethane
(chloroform),  tetrachloromethane  (carbon  tetrachloride),  dichloroethanes,
dichloroethylenes, trichloroethanes, trichloroethylene, tetrachloroethanes,
pentachloroethane, hexachloroethane, tribromomethane, dibromoethanes, and

combinations thereof. Specific examples of aromatic hydrocarbon solvents include



Q--O\/ L\ [/ -0--Q Z1 z2 Z2 Z1 y z wherein L has
the structure i5R6 R6 5 wherein each occurrence of R5
W eesRSH48% | ndependent|y sel ected fromthe groREI/US2008/059249
consi sting of hydrogen, hali®gen, unsubstituted or
substituted Cl1-Cl2 hydrocarbyl provided that the
hydr ocarbyl group is not tertiary hydrocarbyl, Cl-Cl2
bﬁylémdﬁcgj‘hhanlel fbleitlfi)}dbéﬁzs\?qec tedygdradarcbybmagionsarntber€dt C $gecific
al ohydr.ocar 0X erein at |east two.carbon_ atons
BRI S lt%geﬁét%g?éﬂmam hyirsarbont sphecnts ipdu g@ shiopsbenzene

AR rQbeRfSes, Fﬁ& rt‘r'ﬁfﬂ&@oeﬁ?&!n%é:t %ﬁid f&éﬁ%lﬁﬂﬁmgr ﬁiéﬂeof In some

consi sting , and
emm&ﬁnmmhemeswveaahumﬁmarrence of R? |s |ndependently
sel ected fromthe group consisting of hydrogen and

Cl- rocar.b nd each cu

U5 | WRagLRhEr g tiogfiof SSFRIEE P a %G o BRuRLel cunen
cHhpriRysl: Oﬂﬂ[bvu‘;glv@iiﬂe@ﬁdﬁlolﬁadtw|corr@ﬁ§1n§3a-@y(arylene ether) and a

hydrocarbylene wherein R8 and R9 collectively form

satyenctty dpiefatdizing esigsione 4 How o odruded aggy(arylene ethen); and

e [
:?ﬁépenﬁ%en 3P REParkRnC SRR 565 Roghs WRlio, o &y folated
p(ﬁlﬂz(-af;szlﬁle dilyaty; odwreby Ithepsm:ialledl edly(drglene bbeh ydsebertadoyém the group
is not tertiary hydrocarbyl, Cl1-Cl12
c?wrlﬁe oF SO BN I et ByPEI S g esragpat loast 1S
WREap&Y hidxaculher %b@ca’?ﬁped' FASlarfINR 6REPOBo@HENIBe, on
separate t he hal ogen and oxygen atons; each occurrence
agfragepat leastilnd gmm%gﬂou]ys Pey drelgae, qmdu@]ggﬁes thereof;, wherein the

1soﬁ§e%b}§ct>lly{a%;lgr% et'her% urgléte{nt Hftﬁr%lcc%ls%&tyhéﬁdﬁ&%?robﬁ to about 0.15

deciliter per gram as measured in chloroform at 25°C; wherein the mixture comprises
about 65 to about 85 weight percent poly(arylene ether) and about 15 to about 35
weight percent solvent; and wherein devolatilizing extrusion comprises feeding the
mixture to an extruder cofnprising at least one barrel having a temperature of about
200 to about 235°C, and at least one vent having a pressure of about 20 to about 40
kilopascals. In some embodiments, the poly(arylene ether) solution comprises about
70 to about 80 weight percent poly(arylene ether) and about 20 to about 30 weight
percent solvent. In some embodiments, the at least one vent has a pressure of about

25 to about 35 kilopascals.

[0048] In some embodiments of the method of isolating a poly(arylene ether),
the devolatilizing extrusion comprises introducing the poly(arylene ether) solution to
an extruder in a superheated state. In some embodiments, the isolated poly(arylene
ether) comprises less than 2,000 parts per million by weight of an antisolvent for the
poly(arylene ether). In some embodiments, the isolated poly(arylene ether) comprises
about 0.1 to about 1 weight percent solvent, specifically about 0.2 to about 0.8 weight

percent solvent, more specifically about 0.4 to about 0.6 weight percent solvent.



provi ded that the hydrocarbyl group is not tertiary
hydr ocar byl , Cl1-Cl2 hydrocarbylthio, Cl-Cl2

whywsozasdyl oxy, or C2-Cl2 hal ohydrocar byl oxy REDS1008/059249
at |east two carbon atons1geparate the hal ogen and
oxygen atons; y and z are independently O to 100
provided that the sumof y and z is at | east one; each
occu[r(]OGﬁ]:E odonfg i&nlbmkﬂmpﬁsl,dethbl j{soﬂmeﬂ og@ly(arylene ether) is a
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ng repeating structural uni't t he formul
mﬂﬂﬁﬁmawmﬂﬁﬂhammgﬂBSEﬁQm@4 wherein each L1-L4 is
i ndependent |y hydrogen, a Cl-C12 al kyl group, an

a&enyl group, or—an al kynyl group; rein the

al kenyl group is 25ented By} WO R008) 124488

PCT/ US2008/ 059249 \ 6 L~L
wherein L5-L7 arq i 5 l'y hydrgen or nethyl,

and ais 0, 1, 2,
i S represent ed by
hydr ogen, nethyl, 1, 2, 3, or 4
and wherei n about : about 25 nol e
percent of the tqtal L L4 shpstituefts|in the ring-

al kynyl group
3-8 is

n

wherein R is the residue of a polyhydric phenol; each occurrence of Z' is
independently halogen, unsubstituted or substituted C;-C;, hydrocarbyl provided that
the hydrocarbyl group is not tertiary hydrocarbyl, C;-Ci, hydrocarbylthio, Ci-Ci2
hydrocarbyloxy, or C,-C;, halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and _oxygen atoms; each occurrence of Z* is independently
hydrogen, halogen, unsubstituted or substituted C;-C,, hydrocarbyl provided that the
hydrocarbyl group is not tertiary hydrocarbyl, C;-Ci, hydrocarbylthio, Ci-Cis
hydrocarbyloxy, or C,-C;, halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of m is independently 0 to
about 12, provided that the sum of all occurrences of m is at least 1; n, which is the
number of poly(arylene ether) groups bound to R (not the number of repeating units
separating R and Q), is at least 2, specifically 2 to about 10, more specifically 2 or 3
or 4, still more specifically 2; and each occurrence of Q is independently hydrogen,
(meth)acryloyl, styryl methyl, or glycidyl. (Although a hydrogen atom is not
ordinarily considered a functional group, it is a functional group in this embodiment

because it is part of a reactive phenolic hydroxy group.)

[0050] In some embodiments, the polyhydric phenol is a dihydric phenol

having the structure



functionalized poly(arylene ether) are al kenyl and/or
al kynyl groups. [0045] There is no particular
WO peoBtI2648%N on the poly(aryl ene ether) in the PERUS200$CI249
conposition. In sone enbodi2frents, the poly(aryl ene
ether) has an intrinsic viscosity of about 0.03 to
about 1 deciliter per gram as neasured in chloroform
at  25C. In enfodi nentsgbn whicf3a low igtrinsic
vi scosity poly(axyl enefether) i prefe'red the

enbodi nent
ether) is prefe
an intrinsic viscy
deciliter per grg
0.10 deciliter r ! pe .
to about 0.09 ciliter per gra§1 [0046] I n addition
to the poly(arylene ether), the solution fed to the
whlereinl @ichldczirrmcexf Rided Rémmpm%m R sdhdeehdenBiyisekblied from

sol vents i ncl.ude, . for, exa ed al.i t
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1 dinaht paoesthcheaedectéd f_r61|ﬁ| tﬂé @t angssting of
trichl oroet hyl ene, tetrachl oroet hanes,
pentachloroethane hexachl or oet hane, trlbronDnethane

di br onpoet hdes, andO conbi nati ons t Rer eof . ecific R
exanpl es of aronatl hydrocarbon sollvents incl ude WO i

20087 124288V PCT/ US26087 059249 18 bénzene, Iueﬁe
et hyl benzene, xyl enes, and conbi nati ons theA
Specific exanples of hal ogenated aromatic h drocarbon
sol vents i nclude chl orobenzene, dichl orobenzenes, and
trichl orobenzenes, and conbi nati ons thereof. In sone

whERROE B RtSurrdnbe oS! Vﬁﬁﬂeﬁeﬁdét@ly@lé@ted[f%ﬂie @ﬁp consisting of
enbodi nent is a method of isolating afp ryl ene
hytrpgan)and C;-Ciz hydrocarbyl, and each occurrence o and R is independently
selected from the group consisting of hydrogen, C;-Ci, hydrocarbyl, and C;-Cg
hydrocarbylene wherein R® and R’ collectively form a C4-Ciy alkylene group.
Illustrative specific dihydric phenols are included among the polyhydric phenols listed

above.

[0051] In some embodiments, the isolated poly(arylene ether) has, on average,
at least 1.5 hydroxy groups per molecule and comprises a poly(arylene ether) having

the structure



conprising: renoving volatiles fromm xture conpri sing
a poly(arylene ether) and a solvent by devolatilizing
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wherein R is the residue of a polyhydric phenol; each occurrence of Z' s
independently halogen, unsubstituted or substituted C;-Ci, hydrocarbyl provided that
the hydrocarbyl group is not tertiary hydrocarbyl, Ci-Ciz hydrocarbylthio, Ci-Ci»
hydrocarbyloxy, or C,-Ci, halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of 7? is independently
hydrogen, halogen, unsubstituted or substituted C;-C,, hydrocarbyl provided that the
hydrocarbyl group is not tertiary hydrocarbyl, C;-Ci2 hydrocarbylthio, C;-Ciz



[0049] In sone enbodi nents, the isolated poly(aryl ene
ether) is a polyfunctional poly(arylene ether)

W@ vpn4essg, on average, at |east 1.5 functi onedT/US2008/059249
groups Q per nol ecul e; and2aherein the isol ated
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wherein each occurrence of Q' and Q° is independently methyl or
di-n-butylaminomethyl; and each occurrence of a and b is independently O to about

12, provided that the sum of a and b is at least 1.

[0054] Any of the above-described polyfunctional poly(arylene ether)s may
contain minor amounts of structural units formed as a result of side reactions
occurring during poly(arylene ether) synthesis or processing. For example, when a
polyfunctional poly(arylene ether) is prepared by method comprising oxidative
polymerization of monomers comprising 2,6-dimethylphenol in the presence of a
secondary amine, thermal decomposition may generate minor amounts of the

structural units
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OH z R2 4 R4 2 wherein each occurrence of Rl and R2
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group consi sting of hydroges, hal ogen, Cl-Cl12
hydr ocar byl t hi o, Cl1-Cl2 hydrocarbyl oxy, C2-Cl12
hal ohydr ocar byl oxy wherein at | east two carbon atons
separate the hal ogen and oxygen atonmns, d
unsubstituted or subsgituted Cl1-Cl2 hydyocar byl
provi ded that the hyd$ocarbyl group is gpt tertiary
hydrocarbyl; z is 0 o 1; and Y has a sftructure
[ 11

occurrence of R5 iJs i ndependently se [romthe
group consisting d hydrijogen and C14|C12 hydrocar byl ,

sel ected fromthe gro
hydrocar byl , and Cl1-C§ hydrocarbyl ene
R7 collectively forma C4-Cl2 al kyl ene g oup. d/or
Illustrative specific dihydric phenols are i ncl Jded
anong the pol yhydric phenols |isted gabove. [0051] In
sonme enbodi nents, the isolated poly(arylene ether)
has, on average, at least 1.5 hydro'y gr oups per

nol ecul e and conprises a pol y(aryl eng ether) having

consi sting of hy
ferein R6 and

wherein the wavy bonds represent connections to the remainder of the polyfunctional

poly(arylene ether) molecule.

[0055] In some embodiments of the isolation method, devolatilizing extrusion
comprises adding a solid poly(arylene ether) to a first section of the extruder, and
adding the poly(arylene ether) solution to a second section of the extruder downstream
of the first section. In some embodiments, the solid poly(arylene ether) is a portion of

the isolated poly(arylene ether).

[0056] In some embodiments, the poly(arylene ether) solution is added to the
extruder downstream of at least one vent having a pressure of about 20 to about 40
kilopascals, specifically about 25 to about 35 kilopascals. In some embodiments, the

extruder comprises at least two vents each independently having a pressure of about
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[0058] In some embodiments, the isolated poly(arylene ether) is in the form of
flakes or irregular particles. As described above in the context of poly(arylene
ether)-containing extruded compositions, flakes or irregular particles may be prepared

by physically breaking up a film, strand, or sheet of extruded poly(arylene ether).

[0059] One embodiment is an isolated poly(arylene ether) prepared by one of
the above-described methods and comprising less than or equal to 100 parts per
million by weight of an antisolvent for the isolated poly(arylene ether). In some
embodiments, the isolated poly(arylene ether) comprises about 0.1 to about 1 weight

percent solvent.

[0060] One embodiment is a method of isolating a poly(arylene ether),
comprising: removing volatiles from mixture comprising a poly(arylene ether) and a
solvent by devolatilizing extrusion to form an extruded poly(arylene ether); and
cooling the extruded poly(arylene ether) with a cooling belt to form an isolated
poly(arylene ether); wherein the mixture comprises about 70 to about 80 weight
percent poly(arylene ether) and about 20 to about 30 weight percent toluene; and
wherein the isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to
about 0.10 deciliter per gram as measured in chloroform at 25°C; wherein the isolated
poly(arylene ether) has, on average, at least 1.5 hydroxy groups per molecule; wherein

the isolated poly(arylene ether) comprises a poly(arylene ether) having the structure
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[0061] Another embodiment is a poly(arylene ether) isolated by the above
method and comprising less than or equal to 100 parts per million by weight of an
antisolvent for the isolated poly(arylene ether). In some embodiments, the isolated

poly(arylene ether) comprises about 0.1 to about 1 weight percent toluene.

[0062] One embodiment is a method of isolating a poly(arylene ether),
comprising: removing volatiles from a mixture comprising a poly(arylene ether) and a
solvent by devolatilizing extrusion to form an extruded poly(arylene ether); and
cooling the extruded poly(arylene ether) with a cooling belt to form an isolated
poly(arylene ether); wherein the mixture comprises about 70 to about 80 weight
percent poly(arylene ether) and about 20 to about 30 weight percent toluene; and
wherein the isolated poly(arylene ether) has an intrinsic viscosity of about 0.04 to
about 0.10 deciliter per gram as measured in chloroform at 25°C; wherein the isolated
poly(arylene ether) has, on average, at least 1.5 capping groups per molecule; wherein

the isolated poly(arylene ether) comprises a poly(arylene ether) having the structure
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[0063] Another embodiment is an isolated poly(arylene ether) prepared by the
above method and comprising less than or equal to 2,000 parts per million by weight
of an antisolvent for the isolated poly(arylene ether). In some embodiments, the

isolated poly(arylene ether) comprises about 0.1 to about 1 weight percent toluene.

[0064] The invention is further illustrated by the following non-limiting

examples.
PREPARATIVE EXAMPLES 1-6

[0065] A copolymer of 2,6-dimethylphenol (2,6-xylenol; 2,6-X) and 2,2-
bis(3,5-dimethyl-4-hydroxyphenyl)propane (tetramethylbisphenol A; TMBPA) was
prepared in six separate batches by oxidative copolymerization in toluene in the
presence of a copper amine catalyst. The monomer mixture consisted of 83 weight
2,6-dimethylphenol and 17 weight 2,2-bis(3,5-dimethyl-4-

percent percent

hydroxyphenyl)propane. The catalyst copper and other water soluble components
were extracted with an aqueous trisodium nitrilotriacetate solution to yield a
poly(arylene ether) solution comprising about 30 weight percent copolymer and about

70 weight percent toluene. Table 1 provides characterization of the poly(arylene
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[0068] The cooling belt was a Sandvik single-belt cooling conveyor. The belt
had a width of 30.5 centimeters (12 inches) and a total (loop) length of 4.1 meters
(167 inches) that included an actively cooled length of 95.3 centimeters (37.5 inches).
So, extruded poly(arylene ether) traveled a distance of about 1.6 meters (62 inches) on
the cooling belt. Cooling was provided by a water spray beneath the belt. The
cooling water was circulated at a rate of about 11-15 liters per minute (about 3-4
gallons per minute) and a pressure of about 140-170 kilopascals (about 20-25 pounds
per square inch gauge). The speed range for the belt is about 0.5 to 20 meters/minute.
The belt transport rate in these experiments was about 10 meters per minute (33 feet
per minute). The cooling belt was maintained at about 25-30°C. At the end of the
cooling belt, the cooled poly(arylene ether), which was in the form of broken strand
fragments of variable length, was transferred to a bag. Although the poly(arylene
ether) here was in the form of broken strand fragments, it could also have been formed

into prills or pellets or pastilles by use of apparatuses and methods known in the art.
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[0072] The characteristics of the poly(arylene ether)s for the resulting samples
were then compared to those for the poly(arylene ether) prior to devolatilizing
extrusion. The results, presented in Table 4, show that the characteristics of the
poly(arylene ether) were largely unchanged by the devolatilizing extrusion process.
This result was unexpected because one skilled in the art would have expected
oxidative degradation of the poly(arylene ether) in the absence of post extrusion
cooling via immersion in a water bath. Number average molecular weight, weight
average molecular weight, and dispersity (D, My/M,) were determined by gel
permeation chromatography (GPC) using the following conditions: the solvent was

chloroform containing 67 microliters di-n-butylamine per liter; the flow rate was 1



the parts per mllion by weight of hydroxy groups,

based on the total weight of copolyner; and "%
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that is either free (residual) TMBPA or TMBPA

i ncorporated at the term nus of a copolyner chain. WO
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Anftioh column,da GOl tillitreter long Phenomenex Phenogel 5 micron 500
Angstrom column, and a Perkin Elmer PLgel 5 micron 100 Angstrom column;
software for instrument control and data collection was Chemstation Rev. A.10.01
[1635] Agilent Technologies; software for molecular weight analysis was Agilent
GPC Data Analysis software for Agilent Chemstation Rev.A.02.02.

[0073] Figure 1 is a plot of residual toluene as a function of extruder melt
temperature. Below a melt temperature of about 210°C, the level of residual toluene
rises substantially above 1 weight percent. Above a melt temperature of about 230°C,

the process was less stable because of plugging of vent lines.

[0074] Figure 2 consists of plots of residual toluene as a function of vent port
3 pressure (left half of figure) and vent port 4 pressure (right half of figure). In the
Figure 2 legend, “P3” is the pressure of the third vent (counting from upstream to
downstream) for a devolatilizing extrusion process isolating a 0.08 deciliter per gram
poly(arylene ether) that is a copolymer of 2,6-dimethylphenol and 2,2-bis(3,5-
dimethyl-4-hydroxyphenyl)propane; “P3 SA120” is the pressure of the third vent for a
devolatilizing extrusion process isolating a 0.12 deciliter per gram poly(arylene ether)
that is a homopolymer of 2,6-dimethylphenol. When the absolute pressure of vent
port 3 is greater than about 40 kilopascals (300 millimeters of mercury) or the
absolute pressure of vent port 4 is greater than about 26.7 kilopascals (200 millimeters
of mercury), the level of residual toluene rises substantially above 1 weight percent.
When the absolute pressure of vent port 3 is less than about 20 kilopascals (150
millimeters of mercury) or the absolute pressure of vent port 4 is less than about 13.3
kilopascals (100 millimeters of mercury), the process becomes less stable because of

plugging of vent lines
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EXAMPLES 1-1 [0066] These exanples illustrate various
process conditions for direct 1isolation of a
bi functi onal, uncapped | ow nol ecul ar wei ght
poly(aryl ene ether). [0067] The extruder was a \Werner
& Pfleiderer 30 mllinmeter co-rotating twin screw
extruder wwth an L/Dratio of 38, a total of 12
barrels, and a drive notor power
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of 11 kilowatts. The dry polynmer was fed with a K-Tron
| oss and wei ght feeder (nodel K2LT20) in barrel #1

W@ pstiz4ssn end of extruder), the pol yner sol ut PORUS681059249
section was in barrel # 5, 38he devolatilizing sections
were in barrels, 3-4, 7-8. 10 and 11; the punping
section was in barrel 12. The die head contai ned two

Tewebices with 4 mllineter openings to nake strands.
The extruder had 5 heating zones: Zone 1 controllin

barrel Yarishdpe 2 confr@nitindgbar Bt s| x5, | Fgne| x-S

controlling barrels 6-9, |zohe |4 @ontrdlljind barrels
Tdludi2; PR sblatdme’5 conts ol |ji g5 t Ne0.8i |e7% Enpét.at ure> The
@kt uder has an adj ustabl e screw rotjati on ratel (0-500

TAMNAPKEE Solh@s:Oed | | Mkkihrg Blad eft v1.4 devige 1 Vacuumit o
hite extruder was provided with ja Busch Huckepack
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Residua] folupesse exper i mevit’s Wh82 adhoe 1@)5%th4§ kP7
mnute (33 feet per mnute). The cooling belt was
mai nt ai ned at about 25-30C. At the end of the cooling
belt, the cool ed poly(arylene ether), which was in the
formof broken strand fragnments of variable |ength,
was transferred to a bag. Al though the poly(aryl ene
ether) here was in the form of broken strand
fragments, it could al so have been forned into prills
or pellets or pastilles by use of apparatuses and
met hods known in the art. WO 2008/ 124488
PCT/ US2008/ 059249 30




[0069] The six batches of copolynmer corresponding to
Preparative Exanples 1-6 were conbined to forma
waemghaipol y(aryl ene ether) solution that was PSEUS1008/059249
test various isolation coaditions. Exanples 1-5
correspond to conditions tested on the first day of
experinmentation, and Exanples 6-12 corresponding to
conditions tested on the second day. [0070]
Conditions for Exanples 1-5 are sunmarized in Table 2.
Before devolatilizing extrusion, the poly(aryl ene
et her) solution was concentrated to 79.5% solids.
Solid polyner was added to the feed throat. The wei ght
ratio of solid polynmer to poly(arylene ether)
solution was 1:22. For each of Exanples 1-5, it was
possible to dry the resin to a |l ow content of
resi dual solvent in one pass through the extruder. At
the end of this day, however, there was partia

pl uggi ng of the vent lines fromthe extruder,
ilpdi gatji ng [that| the temperature profile and vacuum
setitd|rgs |were near |theis|~ldhdtnfor stable operation
[%@ﬁgmﬁﬁmﬁgg(mgﬁﬁizmewmmuwin
Table—3-—{Betgre —devolatiHzing—extrusi on, the
pad|y(laryliene |etther) sol uti on|was| concentrated to 69. 5%
sal|i g5 CFgﬁfvl:el\hagrf%Egaﬂﬂjﬁ Br&R, the resin was dried
16| @ |Faw | cort| ent | 61 =1 esighual | 56| vent, but the
stabilT ity aof [the[pro¢ess|oyef an| extended period of
t|HT1E, | (4 I’OLLSL Was c>oi npLoved| hy-decreasi ng the
egggI elder Foherl enperatises | wnd| Rower i ng the vacuum
P,foercolﬁqﬂ'}? extruder vent. r?‘yxr s. The tradeoff was a
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aracess. | Thijs |result was unexpected because one
SKi|l1|eg iQ-Lfg\ﬁlL.&MMhd‘hiﬁiﬁ%éOECtEd oxi dative
qEY eS| BTk | Ehs| BoPyB:@ ik eHp et her) in the absence
f-pgstr—extrusiton
O
. O —|—|eNn|eN{\D
ﬁigcrioﬁgt\ll:ll:tl:oo\o?\owomw
O ri || eN | rsd [t | = | =t = | +— | 0O | CO | <F | N | =t
A= elislielieliolie) °
g g g on| ool ool oo o b S| €| o
Dxﬁée%%%%%%&@&&%
wn| O
2=
Ll IR
23
X|E
=l g
21.81.8 — | fen| <
Q5 5o ololo|l o
w222 gl glglglole Q
5285 |8]SISIS18| 2|z 2| 8
~BE8 s el 2l e el 2|5 5| 55| 5|S
a|A| | 8| 2| 2| 2| 2| E| B> > == E
ol ol A SIS S S8l elelelel=
o al gl d 0|0/ 8| 0| 0|8 E|E|BlIE| S
9 ool Bl alalal al®
[72]
SR EEEEEEE R
SR AT = = D o P o W




cooling via imersion in a water bath.
nol ecul ar wei ght,

wei ght

Nunmber aver age
aver age nol ecul ar wei ght,
waeasdiapersity (D, MVWM) were determ ned by BEI/US2008/059249

pernmeati on chromat ogr aphy @&PC) using the foll ow ng

condi ti ons:

t he sol vent was

chl or of orm cont ai ni ng 67

mcroliters di-n-butylamne per liter; the flowrate
Tawls 41 WO 2008/ 124488 PCT/ US2008/ 059249 31 milliliter
PerAAYRIL €; the tenuskeat ure WayfRC, Bdiget Ot &k, r Un Ex.
time was 38 |m nutes; detection was @Rba2&0| naponet ers;
e three ¢ |urms errpl oyeo U ﬁmear@ 51®9 03%?‘74"@'@811
Wo.ju\epe::g f I/G | meter—1 Ullg rlcwo/: l‘dedl d 5'4% 34208
} O t-om-col tH—a uuu 51 e ot
YRS Henex Fﬁgﬁggel 5 mcron $88™ A g??onwgg?z ?1%ﬂd
CONESBE ki n El er Pl gel 5 micron!l100 Angstrom-colum:
Residugh?.6-X orl G@st runent _cont r oPPEind W&t a col$®ct | 46
RwssduBhenst at|i@n Rev. A 10.01 |ppe35]178gb1 end 5971 | 16167
Te8PA0! ogi eg; software for nolecul ar wei ght anal ysis
Mas Agilent | @RC Data Anal ysi $ Aaa0t|\vierse for 1248 | en2l3
&menstatlon Repe A 02027 TOO73aNtuduwresl 1526391 0b50f
—tol as—a function of &x der T
Were e et o2
| above 1 wei gy Y UDi el o ne!t0§¥npe 0,04, o %66
about 230C, | Vhétﬁ%?fé@l’f%mq less stZnl% heddigea| 34-07
pl uggi ng of |Wéhte Fread¥BRA074] Fi gurkl? conpdiddt s| &2
pl ot s of reqiWuz Ex Maneick DBA & f unct(.9m of | V48t pdidtl
3 pressure (|I[Rhttidalify of figune) and.g&nt poot 4| 1.88
pressure (ri %;n@glf of fi gure)ppml n 12ve0 Fl g330® 223700
egend, P37 o, TchfinaPTRBPA © 0k, N8 fhi Td VRt 49
(counttng fromupstreamto —downstrean)y for a

EiaTh Tt ar

i zing extrusion process isolating a 0.08
per gram poly(arylene ether) that
copol ynmer of 2, 6-di net hyl pheno

is a

and 2, 2-bi s(3, 5-

di mepdoyb A- hiyshodxnepbealy b Blapane; ethid?y 8Ad2Maving taheintrinsic
pressure of the third vent for a doevol atili zi ngb o
V@sasrth¢fo ﬁbfp}rto@ 3 sdqciliipra PP gram At 125 Gedyasi prspargér byyoxidative
cgﬂ‘alé/st the solut1on

t [ I
Sttt P ok Rlifbhyghd®h, | nd RTRRE of HEE
was concentrated to 59% solids and isolated by devolatilizing extrusion using the
apparatus described for Examples 1-12 and the processing conditions detailed in
Table 5. Note that the extrusion temperatures were higher and the last vent pressure

was lower than those for Examples 1-12.



port 3 is greater than about 40 kil opascals (300

mllinmeters of nmercury) or the absolute pressure of
waems/1pEss 4 is greater than about 26.7 kil opaBCHIUS2008/059249

(200 mllinmeters of mercusBy), the |evel of residual

tol uene rises substantially above 1 weight percent.

When the absol ute pressure of vent port 3 is |less than
Tapest 20 kil opascals (150 mllineters of mercury) or

vhenabsol ute pressuré ghitViemt. 1port 4 is less than
Qf-PBE solutidd @pascabs (Lo mTllimeters of mercury),

]gs process becomss Iess st abl e |because of pl uggi ng

verfo ties v 8+-124488,—PCT/ US2008/ 059249 32
r“;Bl%\m ?EG? ﬁ&ﬁ?ﬂ\ﬁ/ %ﬁﬁ@@ | ME OF FILING WO
124488 PCT "Q’mf)S/ 059249 3 Table 2 Variabl e
Qwhaclgﬁeedgqte Ex_ Ex_|Eg/hr 09 2 3 4 Tol uene- PPE
So¢wispesd % % 79.5 79,509, |540P9, 51 79.5 solids
TeohpeeaterePRBedol ut i on | deged |K¥Mhr |11.4 11.4 11.4 11.4
Telapbratin@tZonry back f deglCr|adog kg/ hr 0.5 0.5 0.5 0.5
T era%g{e%nggeed rpm| 469c30f4300 400 400 Tenperature
fo1y Laux%%n%ﬂw 199T1R] c1%h4188 Tenperature Zone 2

s 9919119 JJenper ature Zone 3 deg C
e\i’%%z[%‘% 191 188 ?‘gé'ﬁ r%"%ur Zone 4 deg C 199 199

Pressure Vent 1 kPa 86.1
Pressure Vent 2 kPa 81.7
Pressure Vent 3 kPa 9.6
Pressure Vent 4 kPa 6.8
Residual Toluene wt % | .26

COMPARATIVE EXAMPLES 1-5

[0076] These examples illustrate melt extrusion of a methacrylate-capped

poly(arylene ether) dry powder

[0077] Two batches of a bifunctional poly(arylene ether) having an intrinsic
viscosity of 0.09 dL/g measured at 25°C in chloroform were prepared by oxidative
copolymerization of 2,6-dimethylphenol and 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane in toluene. The terminal hydroxy groups of the bifunctional
poly(arylene ether) were methacrylate-capped by reaction with methacrylic



Tenperature Die deg C 218 218 204 204 199 Melt
tenperature deg C 218 217 214 211 208 Pressure Vent 1
WhRH8AB48 62. 5 69.3 67.2 80.3 Pressure Vent Z2PKIPHSHN8/@59249

59.6 67.7 65.7 79.3 Pressure Vent 3 kPa 21.9 25.2
27.1 27.2 50.9 Pressure Vent 4 kPa 21.3 21.3 21.7
17.9 27.3 Residual Toluene wt % 0.62 0.66 0.59 0.47
anhyf@rf ddNQ tB@@&ls&:?c@‘bg N N@Eﬁl@@&&@fﬁﬁ@ﬁ@ﬂ&& (DBMAR) B0cApPiny datalyst

MMN NOO 00 00 01 --+ M 10 00 M
toGGIBGVOPAECS o1 8 mefhaChftseepes brigtctin| ROKADGeEBD) byvine
aw%%lnsglcb\uldg&%tg oﬁ démit@ rl‘\l%aglg ve\‘# aQ%Stb % %l%fw 1 A['\\I/{)% %\Mt of
th@ La&ﬁn@\&éaaldh‘l isQhethbdN/1@0acid), whYcH\ils lpres(errt i thdwhds)-cadpdfy lution,
alc(?ngo 1whlh excess methacrylic anhydride and DMAP. Methacrylic acid and
methacrylic anhydride present a potential complication in the devolatilizing extrusion
process in that they may polymerize exothermically under the extruder processing
conditions. A corresponding polymerization reaction may, in principle, occur with the
methacrylate capping groups present in the functionalized polymer, and the resulting

crosslinking of the methacrylate-capped bifunctional poly(arylene ether) could

dramatically increase the melt viscosity within the extruder.

[0078] In order to clarify the extent of the cross-linking hazard, thermal

stability tests were carried out by conducting laboratory-scale melt extrusion of dry

capped polymer.

[0079] Laboratory-scale melt extrusion experiments demonstrated the
molecular weight stability of a methacrylate dicapped poly(arylene ether) after
multiple passes through a laboratory extruder. The starting material for these
experiments was a solid methacrylate dicapped poly(arylene ether) having an intrinsic
viscosity of 0.09 dL/g. It had previously been isolated by a precipitation procedure
comprising addition of a 45 weight percent solution of the methacrylate dicapped
poly(arylene ether) in methanol. The extruder was a C.W. Brabender extruder, type
2503, single screw, 1.9 centimeter (3/4 inch) screw diameter, with a ratio of screw
length to diameter of 25. The extruder was operated at 100 rotations per minute with
the four zone temperatures specified in Table 7. The extruded polymer was analyzed
by gel permeation chromatography to determine molecular weight characteristics, and
by 'H NMR to determine the weight concentration of methacrylate groups, based on
the weight of the polymer. The results in Table 6 show the stability of the
methacrylate capping groups on the polymer after multiple lab extrusions. The data
indicate that the reactivity of the material at the extrusion melt temperature (about
230°C) is low: all the samples passed through the lab extruder up to three times

without incident; some gel particles were detected in solution but they were
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methacrylate capping groups decreased by about 4%. Although the reactivity of the

material at the extrusion temperature is low, a small but significant amount of

branching and/or crosslinking did occur, as evidenced by the molecular weight

increase.
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c- PPE sol ution % % 59 solids
n feed kg/hr 13.6

Rot.

100
100

100

100

0

234
233
269

279

0

Die Temp. | Melt Temp. | Screw

227
227
L277

277

Zone 3

218
218
268
268

Zone 2
Temp. (°C) | Temp. (°C)

218
218
268
268

Zone 1
Temp. (°C)

204
204
254
254

Pass
#

0
1
3
1
3

Table 6

Sample

C.Ex. 1

C.Ex.2
C.Ex. 3

C.Ex. 4

C.Ex.5




rate Dry back feed rate kg/hr 0.9 Screw speed rpm 400
Tenperature Zone 1 deg C 204 Tenperature Zone 2 deg C
wQeus/17@sper at ure Zone 3 deg C 204 Tenper at ur BCZUR081059249
deg C 204 Tenperature Died4tleg C 246 Melt tenperature
deg C 253 Pressure Vent 1 kPa 86.1 Pressure Vent 2
kPa 81.7 Pressure Vent 3 kPa 9.6 Pressure Vent 4 kPa
ERAMPIReS il dua| COMRERATIW E WX AAFPLESNPARAETT VE EXAMPLES
1-5 [0076] These exanpl es illustrate nelt extrusion of
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Exampleg 14-16 in Table 7.

[0081] Results of characterizing the isolated capped poly(arylene ether)s are
provided in Table 8. Residual (uncapped) hydroxy groups were determined by
Fourier Transform Infrared spectroscopy (FTIR) using 2,6-dimethylphenol standards.
Concentrations of free methacrylic acid (MAOH), methacrylic anhydride (MAA),
DMAP, and toluene were determined by gas chromatography. Number average
molecular weight (M,), weight average molecular weight (My), and polydispersity
index (D; M,/M,) were determined by gel permeation chromatography. The weight
percent of methacrylate capping groups (based on the total weight of the capped
poly(arylene ether)) was determined by proton nuclear magnetic resonance
spectroscopy ("H NMR). In Table 8, Comparative Examples 6 and 7 represent the
two precipitated methacrylate dicapped poly(arylene ether) (0.09 dL/g) powders used
to generate the poly(arylene ether) solutions for Examples 14-16.

[0082] The results in Table 8 show that the process of devolatilizing extrusion
and melt cooling in air by means of a cooling belt unexpectedly does not result in
substantial decomposition of the capped poly(arylene ether). This result is unexpected
because molecular mobility is greater in solution than in a polymer melt, and because

air oxidation of the methacrylate groups might be expected to initiate



an intrinsic viscosity of 0.09 dL/g neasured at 25C in
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nmet hacryl ate di capped poly(aryl ene ether) after
mul ti pl e passes through a | aboratory extruder. The
starting material for these experinments was a solid
nmet hacryl ate di capped pol y(aryl ene ether) having an
intrinsic viscosity of 0.09 dL/g. It had previously
been isolated by a precipitation procedure conprising
addition of a 45 weight percent solution of the

nmet hacryl ate di capped poly(arylene ether) in

met hanol . The extruder was a C. W Brabender extruder
type 2503, single screw, 1.9 centineter (3/4 inch)
screw diameter, with a ratio of screw length to

di aneter of 25. The extruder was operated at 100
rotations per mnute with the four zone tenperatures
specified in Table 7. The extruded pol yner was

anal yzed by gel perneation chromatography to

det erm ne nol ecul ar wei ght characteristics, and by 1H
NVMR to determ ne the wei ght concentration of

nmet hacryl ate groups, based on the weight of the
polymer. The results in Table 6 show the stability of
the nmethacryl ate capping groups on the polyner after
multiple | ab extrusions. The data



indicate that the reactivity of the material at the
extrusion nelt tenperature (about 230C) is |low al

wo b@saanpd es passed through the | ab extruder upCT/US2008/059249
three tinmes wthout incidemt; sonme gel particles were
detected in solution but they were WO 2008/ 124488
PCT/ US2008/ 059249 38 insignificantly small; nunber
aver age nol ecul ar wei ght increased by about 5%
wei ght average nol ecul ar wei ght increased by about
15% and the wei ght percent of nethacrylate capping
groups decreased by about 4% Although the reactivity
of the material at the extrusion tenperature is |ow,
a small but significant anpunt of branching and/ or
crosslinking did occur, as evidenced by the nol ecul ar
wei ght increase. WD 2008/ 124488 PCT/ US2008/ 059249 39
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Table 7

Parameter units | Ex. Ex. Ex.

14 15 16

Temperature Zone 1 °C 188 188 188
Temperature Zone 2 °C 188 188 188
Temperature Zone 3 °C 191 191 188
Temperature Zone 4 °C 194 198 204
Die Temp °C 204 210 216
Melt Temp °C 223 225 229
Vacuum Port #1 kPa | 90.4 | 90.8 90.4
Vacuum Port #2 kPa | 90.3 91.1 90.8
Vacuum Port #3 kPa | 41.5 37.3 41.0
Vacuum Port #4 kPa | 267 | 27.0 | 26.7
Extruder screw rotation rate | rpm | 330 44.0 | 44.0
Extruder Torque % 40 41 37
Polymer Solution Feed kg/hr| 114 13.6 13.6
Barrel #1 Feed Ib/hr | 0.9 0.9 0.9
Belt Cooler Temp °C - 27 -
Product discharge temp °C -- 93 --
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WD 2008/ 124488 PCT/ US2008/ 059249 40 EXAMPLES 14- 16,
COVPARATI VE EXAMPLES 6 AND 7 [0080] A poly(aryl ene
wW@e0e8n448%| uti on was processed by devol atil i zi PGI/US2008/059249
extrusion using the three gets of conditions detailed
in Table 7. "Product discharge tenp." is the
tenperature of the poly(arylene ether) at the end of
the cooling belt as neasured by a hand-held infrared
tenperature detector (Cole Parnmer 39650-02 IR
thernoneter). The sol ution was prepared by
re-di ssolving precipitated nethacryl ate dicapped
poly(aryl ene ether) (0.09 dL/g) powder in toluene to
give a solution conprising 30 weight percent solids,
then concentrating the solution to 70 wei ght percent
solids. The three sets of devolatilizing extrusion
conditions correspond to Exanples 14-16 in Table 7.
[0081] Results of characterizing the isolated capped
pol y(aryl ene ether)s are provided in Table 8.
Resi dual (uncapped) hydroxy groups were determ ned by
Fourier Transform Infrared spectroscopy (FTIR) using
2, 6-di net hyl phenol standards. Concentrations of free
met hacrylic acid (MACH), nethacrylic anhydride (MAA),
DVAP, and tol uene were determ ned by gas

hrrommatrography —Nomber average nol ecul ar wei ght (M),
'gﬁrtm aversde @l ecul ar wei ght (My, and
gggﬁﬁﬁﬁgm@(QAMM)mmdaammdw
per meat/coft| Thr oitat ogr aphy. The wei ght  percent  of
hacryliatle fcapping| groups (based on the total weight
f~|t he cappggb\@ply(arylene ether)) was determ ned by
rOEne (Bl &ag Fagnat i ¢ resonance spectroscopy (H
MR a7 tI‘a@ & & —(Conpar ati ve Exanples 6 and 7
riepr esent| tthe [two|precipitated nmethacryl ate di capped
p%]y(aryler% ether) (0.09 dL/g) powders used to
gerer| af|& the mmgﬁ) | ene ether) solutions for
Eﬁfﬁ%ﬁ%SJ§M§§§;§{ i082] The results in Table 8 show
tihat |t he [priogcess |of devol atilizing extrusion and nelt
goqlifng injaifr [by means of a cooling belt unexpectedly
db&s_|pgt. [Lesyll J g
gl 2|28 (8|22 !
U || T S| |

O °

; ~lav—=|N || o
Nmmov?ﬂ«ﬂv—«s’;@
L Noojoo| ||| | 2
[ Rl iy puinl A0S IR FNERS Rl
U o

ppm
wt%

AMU
AMU

Unit
ppm

pm
ppm

Method

FTIR

GC

GC

GC

GC

GPC

GPC

GPC

THNMR | wt%

Table 8
OH
MAOH
DMAP
Toluene
D (M,/M,)
MA-Cap

MAA




substanti al deconposition of the capped poly(aryl ene

ether). This result is unexpected because nol ecul ar
WOorsii24498 i s greater in solution than in a pol PEEDS2008/059249

nmelt, and because air oxidation of the nethacrylate

groups m ght be expected to initiate WO 2008/ 124488

PCT/ US2008/ 059249 41 [0083] polynerization of those

CONDROR A TIVIE X AMPWESI8-4@l t hough crosslinking of the
nmet hacryl ate functionality woul d have been expected to

th d
ai 11 BPSAE R SHEPREERS FRTRPIR AR ER A ERCGY OB esiragon on
theeingulalBsei oS 6f Yf@l‘iloﬁsoﬁleﬁﬁgrypﬁ@géﬁ)ted b&fl%@léﬁdetﬁéﬁﬁﬁn the

undergoi ng the devol atilizing extrusion
preswice and abhserest dfdhe mlw@e@@tlomh@s@tqrélsubutslcd@ﬁhﬂist rate
the surprising result that the nethacryl ate- capped

_poI yg)t% XL%He reo%gr%l}lgntk Qrgl ceondgc %t(thStt qaﬁo@ﬁo{f&c e extruder

i sol ) 859 W t Mot |can Cross

d&bﬂb#ﬁﬁdb@@a}f(bxﬂ@tgd}b@aﬁ\@ Mnﬁﬂésl 1051 Iy Table 9, t"ﬁbe:olummkdbdbd “PPE
ma e isolate th process w thout the ne .,
tyaa’dméhcaéﬂsgh%lm 2l PO GrEeBb PP dsehp Dopsrsizuies "fadfbe 0.12

008/ 059 P
o 8] R ey B e PO b bR afheliilne - cthen
(pFabkel By Penwmpetyereriaatidns of£2,6- Emet}EokphenQMfo_llr@v@ by capped with

TGERSHR Yo R0tk iR PTG RIS S
“MA2PPE 0.06” corresponds to a methacrylate-dicapped copolymer of 2,6-
dimethylphenol and tetramethylbisphenol A having an intrinsic viscosity of 0.06
deciliter per gram; “MA2PPE 0.09” corresponds to a methacrylate-dicapped
copolymer of 2,6-dimethylphenol and tetramethylbisphenol A having an intrinsic
viscosity of 0.09 deciliter per gram. All poly(arylene ether)s were previously isolated
from solution by precipitation in methanol. The column labeled “PPE amount” gives
the amount of the poly(arylene ether) in grams. The numbers in the column labeled

“Inhib.” correspond to the amount of 4-t-butylcatechol in grams.

[0086] In Table 9, temperatures of the four temperature-controlled extruder
zones are expressed in degrees centigrade. The temperatures in the columns labeled
“Probe(1)” and “Probe(2)” are expressed in degrees centigrade and correspond to melt
temperatures within the extruder. The column labeled “Time (sec)” gives the
residence time in the extruder, expressed in units of seconds. The column labeled
“RPM” gives the extruder screw rotation rate, in rotations per minute. When an
example lists values of “NA” in columns for extruder temperature, time, and rotation

rate, it means that the sample was analyzed without extrusion.



Tenperature Zone 4 C 194 198 204 Die Tenp C 204 210

216 Melt Tenp C 223 225 229 Vacuum Port #1 kPa 90. 4
w@2008/184Q88 Vacuum Port #2 kPa 90.3 91.1 90. 8 PO/EUSNS/059249

Port #3 kPa 41.5 37.3 41.046Vacuum Port #4 kPa 26.7

27.0 26.7 Extruder screw rotation rate rpm 330 44.0

44,0 Extruder Torque % 40 41 37 Polynmer Sol ution

Feed[0|©l77]ﬂ“hc?1 hsgléé.?h@N }BatbeacBasfl thk Hdthiegldic-dapped PoB(arylene
Bel t oler Tenp C -- 27 -- Product dischar
ethen ehibiteg 3 smpjh %o@g@@&%sm@?fm@o@gke%rzwg 40% melt

exgx%s Q)gl %%AghﬁeéalN&emglolew?r%el%qﬁrﬁ%% awéév ﬁeaﬁerggr %eg%orgo&iﬁped
0.52 dIV¥ pely(ddyNnel etheN thargor MeMlioapp@d 0D06 @D/HPoly@rylene ether).
Neither of these resins generated any observable gels after one pass through the
extruder. The addition of the polymerization inhibitor 4-t-butylcatechol allows for an
increase in die temperature, but increasing the concentration of 4-t-butylcatechol from
0.25 to 0.5 parts by weight per 100 parts by weight poly(arylene ether) did not produce

an additional benefit.

[0088] For the dicapped 0.09 dL/g poly(arylene ether), the effect of multiple
passes through the extruder was explored. In general, some molecular weight build
was observed on the first pass through the extruder, and further molecular weight
build was observed after second and third passes through the extruder. Some gels

were observed after the second pass through the extruder.

[0089] The molecular weight increases observed on melt extrusion of these
poly(arylene ether)s highlight the unexpected ability to isolate such resins by
devolatilizing extrusion under similar temperature conditions without observing a

significant molecular weight increase.
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MA2PPE 0.09

MAZ2PPE 0.09
C. Ex. 46 | MA2PPE 0.09

MA2PPE 0.09
C. Ex. 44 | MA2PPE 0.09

C.Ex. 42 | MA2PPE 0.09

PPE
C. Ex. 39 | MA2PPE 0.09
C. Ex.40 | MA2PPE 0.09

Table 9 (cont.)
C.Ex. 43

C.Ex. 41
C.Ex. 45




was observed on the first pass through the extruder,

and further nolecular weight build was observed after
waeeoenz4shd third passes through the extruder.PCOO§2008/059249

gels were observed after uhe second pass through the

extruder. [0089] The nol ecul ar wei ght increases

observed on nelt extrusion of these poly(arylene
EXANEPIISS 7 GIND gRiCOMBARPENPEGAMEIIH 41y to isol ate

such resins by devolatilizing extrusion under simlar

tenperature condi tions w t hout observ ng
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120 oFor eﬁmparatlve Example 47, the poliy(arylene etBer5 Was prerclpltated by

addltlon of one part by volume of the toluene solution to three parts by volume of

o

methanol.  Molecular weight distribution was determined by gel permeation
chromatography using polystyrene standards as described above. A comparison of the
results for Example 18 and Comparative Example 47 show that the Example 18
sample isolated by devolatilizing extrusion had a higher fraction of low molecular
weight species than the Comparative Example 47 sample isolated by precipitation.
For example, greater than 5 weight percent of the Example 18 sample had a molecular
weight less than 500 atomic mass units, and greater than 10 weight percent of the

sample had a molecular weight between 500 and 1500 atomic mass units.
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[0092] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and
use the invention. The patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal language of the

claims.

[0093] All cited patents, patent applications, and other references are
incorporated herein by reference in their entirety. However, if a term in the present
application contradicts or conflicts with a term in the incorporated reference, the term
from the present application takes precedence over the conflicting term from the

incorporated reference.

[0094] All ranges disclosed herein are inclusive of the endpoints, and the

endpoints are independently combinable with each other.

[0095] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise

indicated herein or clearly contradicted by context. Further, it should further be noted
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1. A method of separating a poly(arylene ether) from a solvent,
comprising:

removing volatiles from a mixture comprising a poly(arylene ether) and a
solvent by devolatilizing extrusion to form an extruded composition comprising the

poly(arylene ether); and

cooling the extruded composition with a cooling device; wherein the cooling
device cools the extruded composition without water immersion of the extruded

composition.

2. The method of claim 1, wherein the cooling device is maintained at a

temperature of -30 to 150°C.

3. The method of claim 1 or 2, wherein the cooling the extruded
composition comprises cooling the extruded composition to a temperature of 20°C to

the glass transition temperature of the poly(arylene ether).

4, The method of any of claims 1-3, wherein the cooling device

comprises a cooling belt.

5. The method of any of claims 1-4, wherein the cooling device
comprises a belt cooled with a liquid selected from the group consists of water, glycol,

liquid brine, and mixture thereof.

6. The method of any of claims 1-4, wherein the cooling device

comprises an air-cooled belt.

7. The method of any of claims 1-4, wherein the cooling the extruded

composition comprises spraying the extruded composition with a water mist.

8. The method of any of claims 1-7, wherein the extruded composition is
extruded in the form of a sheet, a strand, or a film; and wherein the cooling device

comprises a flaker and a cooling belt.
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EXAMPLES 17 AND 18 COVPARATSVE EXAMPLE 47 [0090] These

exanpl es illustrate the nol ecul ar wei ght distribution

of two poly(arylene ether)s isolated by the

devobati | TEE nget@sd rc}l:lﬁiagyl o @memsl. 1-Theyheaatigotirl koolinga device

conmparison to one of the sane po aryl ene ether)s
cqonaprsgs 8 dinfpcppdictiperiandpspolinglt | y(Th eypol y(aryl e)ne

ether) of Exanple 17 in Table 10 was a poly(2, 6-

di megfy! - %h?"'r%@tﬁﬂ& | @fn_ealn?t bellaifaving wkréift tHenebélin 5 8evice

Vi scosity o .12 deciliter per gram obtained as

cBAI2Rs fin oppaBEuPfaapastils. foMhatiopahy capglinglecliet her) of
Exanpl e 18 and Conparative Exanple 47 was a

ool v{p. & ShELe dr pPHBUEDE L R ARAE e exm

copithads asndilR@d SRkt @donE Pl astics. For all of
t hese exanples, the experinent started with a 50

wei ght percent saolution_of. t aryl en th A

ol Sihe” “E6t Mt any o5 line 181 ¥ HEC Bl Tary g srisin the
p(g?gdg}';lé:& etM&5 §nd BELALEH iPY séibgolevol ati Ii zi ng extrusion

Co

ess descri bed above for Exanples 1- 12. For

npar ative Exanple 47, the pol é( aryl ene ether) was )
pr ecipi t albeimsthodaddny pbelaivts ohd vplareinlje deyolppbizig cxfasion

t ol | uti h I
cirBngngnohiie O el BORLR P APEHORE 8 or m nea

by gel permneation chromatography using pol ystyrene
st anddr dsThs n@éndrof beyofdiavs. 1- 18, edrpan itrcaxtrafied érenposition is

transferred to the cooling device in a form selected from the group consisting of

strands, pellets, prills, pastilles, films, sheets, and flakes.

15.  The method of claim 1, wherein the cooling device is a cooling belt,
wherein the extruded composition is deposited on the cooling belt in the form of a
film, a strand, or a sheet, and wherein the method further comprises breaking the film,

strand, or sheet into flakes or irregular particles.

16.  The method of claim 15, further comprising packaging the flakes or
irregular particles in a container selected from the group consisting of reinforced paper

bags, boxes, and fiber drums.

17. The method of any of claims 1-16, wherein the extruded composition
consists essentially of a poly(arylene ether), and wherein the poly(arylene ether)
comprises less than 2,000 parts per million by weight of an antisolvent for the

poly(arylene ether).

18. The method of any of claims 1-17, wherein the devolatilizing extrusion
comprises adding a solid polymer to a first section of an extruder, and adding the

mixture to a second section of the extruder downstream of the first section.



results for Exanple 18 and Conparative Exanple 47 show
that the Exanple 18 sanple isolated by devolatilizing
w@a080%448 had a hi gher fraction of | ow nol ecuPEr/US2008/059249
wei ght species than the Cosparative Exanple 47 sanple
i solated by precipitation. For exanple, greater than
5 wei ght percent of the Exanple 18 sanple had a
mol ecll ar ThaveiegHoll df eBSmtlSawh&Rh tht eveight mE&sofithe heixtuane the
reater than 10 wei ght percent of the sanple had a
solig Rodanelris WePdme0¥et ween 500 and 1500 at onmic mass
units. WD 2008/ 124488 PCT/ US2008/ 059249 50 Table 10
EX. 3¢ EXThd 8néthod bt ddim FBE whéREn RRE Blid 2pdtiaked cOBprises a
PPE 0.09 Isolation nethod devol. extrusion devol.
pakbn oftherexpréai gintpesition. Mh 3310 2064 2580 Mwv 7250
4024 4650 D 2.19 1.95 1.80 % <= 500 1.56 3.10 1.72

Y<=7 2. .97 3. Y%<=100 : : . O3

6. 252113, 2N tod S iy h Pl &eriytlo g 3RAGPR e
extfhddbdRenstearhbf ABleadwn O&uAdvénl. 26. 82 18.84 [0092]

This witten description uses exanples to disclose the

i nvention,_ includi th est de,. and al so to enable.

any persohis RO RSP 1D e e Stk amposiion

iﬂ?&%‘é | OB, Rateat PRbSpaGAP SedatinB EsthRMPAL LA hving th
Cde inéépggyﬁﬁgbclainsﬁ ang ngyeﬁﬁg]gde ot her exanpfg% )
formata occur to those skilled in the art. Such ot her

exanpl es

72 7!

wherein for each structural unit, each occurrence of Z' is independently halogen,
unsubstituted or substituted C;-C;, hydrocarbyl provided that the hydrocarbyl group
is not tertiary hydrocarbyl, C;-Ci, hydrocarbylthio, C;-C;, hydrocarbyloxy, or C,-Cy,
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and
oxygen atoms; and each occurrence of Z? is independently hydrogen, halogen,
unsubstituted or substituted C;-C;; hydrocarbyl provided that the hydrocarbyl group
is not tertiary hydrocarbyl, C,-C;, hydrocarbylthio, C;-Ci, hydrocarbyloxy, or C;-Cy;
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and

oxygen atoms.

23. The method of any of claims 1-22, wherein the poly(arylene ether)

comprises, on average, at least 1.5 hydroxy groups per molecule.



are intended to be within the scope of the clains if
they have structural elenents that do not differ from
w0 b@sl12448% al | anguage of the clains, or if thepCi/ngio08ie59249
equi val ent structural elesents with insubstantia
differences fromthe literal |anguage of the cl aimns.
[0093] Al cited patents, patent applications, and
ot hep4.r ef EheAre®IDTRNY bNE@INAOT-2B eethéteinahe pbly(drgkes ethed is a
intheir entirety. However, if a termin the present
capppd Pelatargdaneceihen-adi cts or conflicts with a termin
the incorporated reference, the term fromthe present
appl heat i ofe LAKER1 Bf 6P IERERMOVIEE4, tIREBNHe! S1hBE/14R dher)
fromthe 1 ncorporated reference. [0094] Al ranges
catsridenmchviarge) at lastel .5 nagpirsg groujesf per nelenudipoi nts, and
the endpoints are independently conbinable with each
ot her. [0095] The use of the terns "a" and "an" and
"the" and simlar referents in the context of
describing the invention (especially in the context of
the following clains) are to be construed to cover
both the singular and the plural, unless otherw se
i ndicated herein or clearly contradicted by context.
Further, it should further be noted WO 2008/ 124488
PCT/ US2008/ 059249 51 that the ternms "first,"
"second,"” and the like herein do not denote any order,
quantity, or inmportance, but rather are used to
di stingui sh one elenent fromanother. The nodifier
"about" used in connection wth a quantity is
i nclusive of the stated value and has the meaning
dictated by the context (e.g., it includes the degree
of error associated wth nmeasurenent of the
particular quantity). WD 2008/ 124488 PCT/ US2008/ 059249
52 CLAIMS : 1. A nethod of separating a poly(arylene
ether) froma sol vent,



conprising: renoving volatiles froma mxture

conprising a poly(arylene ether) and a solvent by
waeleasiaiBs | zi ng extrusion to form an extruded PCT/US2008/059249

conposition conprising thesepoly(arylene ether); and

cool ing the extruded conposition with a cooling

devi ce; wherein the cooling device cools the extruded

conppe.i t i The WckHvAwdf angtofrcldimeEr3y, ovheddin tthe extrided dethposition

conmposition. 2. The nethod of claiml1l, wherein the
cqreRsiseh d PaBNaylens ethe hAYAE HSHtMEtUEe ¢ enperat ure of - 30

to 150C. 3. The nmethod of claim1l or 2, wherein the

cool i ng the extruded cospositiagr conprises cooH ng

the extryded cphpositi g [o a tgnperature gf 20Q to

the gl ass the poly(aryl ene
et her). 4. C ein

t he cool i The
net —Q
device ¢ ect ed
fromthe i d
brine, an of

clainms 1-4, ?reln th 2cpol i ng |device coaprises an
ai r-cool ed bel 7. The hod af any of claims_i1;4,
wherein the cooling the extruded conposition
conpri ses spraying the extruded conposition with a
wheeBl T AhSthe s@uctdlde net hod of any of clains 1-7,
wherein the extruded conposition is extruded in the
formof a sheet, a strand, or a film and wherein the
cool i ng devi ce 5conpris 8 a flaggr and aRgoollng bel t.
WO 2008/ 1p4488 / US2 8/05924

#—0 Y O——*

wherein each occurrence of R and R® is independently selected from the group
consisting of hydrogen, halogen, unsubstituted or substituted C;-Ci, hydrocarbyl
provided that the hydrocarbyl group 1is not tertiary hydrocarbyl, Ci-Cy,
hydrocarbylthio, C;-Ci, hydrocarbyloxy, and C,-Ci, halohydrocarbyloxy wherein at
least two carbon atoms separate the halogen and oxygen atoms; x is O or 1; and Y has

a structure selected from the group consisting of

1Y 0 S 0 ﬁ T
0 , N , ﬂ ; ﬂ , ! , S and T———
ﬂ R’

wherein each occurrence of Ry is independently selected from the group consisting of



9. The method of any of clainms 1-7, wherein the
cooling device conprises a die face pelletizer and a
w@eowBingsbel t. 10. The nethod of any of cl ai nsPAF/VS$2008/059249
wherein the cooling devices7conprises an apparatus for
pastille formation and a cooling belt. 11. The nethod
of any of clains 1-10, wherein the cooling the
hRrbganded C.copmeaidchdyl, iagd esshdsietigehdenfR cng@ &7 i§ dafependently
12. The nmethod of any of clains 1-11, wherein the
sabsosadu it o IBF PN GoRSHENE il Pydipgare fei-EtzhBYgrogabyly rad Ci-Ce
vV, | .S | Wt L ONRo o, fra [
R aren RerBh R B R R G T MR g ach
odcntremduot i ihéndbprndendy tlmlegenexmsuldttutéch om substituted C-Ci,

super heated ,state.. 14. The t hod. of any. of . cl ai
g RO e G T b Gipaeis osiienia® iyl SyCre
hidRoda81620! ¢ng, d ﬁ%(%r@@aﬂit)ﬁo@a fgr @}e-FIFJe tﬁﬂbﬁﬁr&éaﬁ’lﬁmbﬁe wherein at

group “consi sti ng strands, p s, prills, 5
lepgigwp |chibon afdrhyisspaateetbe balogerdard exygen atpBls; Fusk asewmage of Z

.of .claim.l, ereipn . the coolir evice i ogl i

g Rl RS et SRR 8 B 228 Plgpoarty

preRidehe teQol the g hb@lotarbyl t freup ofgn adt atertfary MhydrosdrbndCi-Ciy
or a sheet, and wherein the nethod further conprises .

hysirecargie, Hei-Eia Rydrocbyon, BrCxheehalphy@osariyleyy gherem at
L LT I art il ahd h ai 5, re

e R AboRCREhE harst tne IEIIRA TR Dbl e

indepenidenths 0i o A0@ pndadeate thas ehe stumdof yomd Beisgatolgpst one; each

ogfhTARSE of 1 ioFAFmRdNRH PFroR (Bl e S0 Tb e g 0!

the extruded conposition consists essentially of a
poly(aryl ene ether), and wherein the poly(arylene
ether) conprises less than 2,000 parts per mllion by
wei ght of an antisolvent for the poly(arylene ether).
18. The nethod of any of clains 1-17, wherein the
devol atilizing extrusion conprises adding a solid
polymer to a first section of an extruder, and addi ng
t he



m xture to a second section of the extruder downstream
of the first section. WO 2008/ 124488 PCT/ US2008/ 059249
W®B200892448he et hod of claim 18, wherein the weP@hiS2008/059249

ratio of the mxture to thé&8 solid polymer is 1:50 to
50:1. 20. The nethod of claim 18, wherein the solid
pol ynmer conprises a portion of the extruded
conp@i t i Ohe nZthodThe anpbhethiol 1ady, whereinaihespaly(@fylene ether)
wherein the mxture is added to the extruder .
ComRiHFSE PerRs Gchpndlizsd poliary \pag IR, EFPTIBDE Tanrating SBgure!
uflfs e Rfmalaal M 1-21, wherein the extruded
conmposition conprises a poly(aryl ene ether)
conprising repeating structural units having the

formula 22 721 /QJ f
unit, each occurren
unsubstituted or su
provi ded that the h
hydr ocar byl , Cl1-Cl12
hydr ocar byl oxy, or-
at | east two carbon
oxygen atons; and e
i ndependent|y hydro

[Z2 Z1 wherein O
ceLof Z1 i gHpdep

st Nt ut ed /C1-C12
b group
hydr ocar byl t hi o,
-0

un

each structural
endent |y hal ogen,
hydr ocar byl

is not tertiary
Cl-C12

car byl oxy wherein
he hal ogen and

Z2 is
substituted or

substituted Cl1-Cl2 hygsocarbyl-pprqwi fded that the
hydr ocar byl group Ls not tertié%y hydrocarbyl, Cl-Cl12
hydr ocar byl t hi o, Cl-Cl2 hydrocar byl oxy, or C2-Cl2

hal ohydr ocar byl oxy wheyein at |east two carbon atons

separat e ttherdimleagieh -Bnib indssegdenti lnrdsogeraa Citer ek gioup,

Gy e SR Eou T ELE A AR RS ERE BT
nol ecul e. g
—é CH 2>> C=—C

a
L7

/
s

L

wherein L’-L’ are independently hydrogen or methyl, and a is 0, 1, 2, 3, or 4; wherein

the alkynyl group is represented by

AQCHz%CEC———Lg
b

wherein L? is hydrogen, methyl, or ethyl, and b is 0, 1, 2, 3, or 4; and wherein 0.02
mole percent to 25 mole percent of the total L'-L* substituents in the ring-

functionalized poly(arylene ether) are alkenyl and/or alkynyl groups.



WD 2008/ 124488 PCT/ US2008/ 059249 55 24. The nethod of
any of clains 1-23, wherein the poly(arylene ether) is
w@2008apperl pol y(aryl ene ether). 25. The net hodP@F/US29Y8/059249

of clainms 1-24, wherein th&9poly(aryl ene ether)
conpri ses, on average, at |least 1.5 capping groups per
nol ecul e. WD 2008/ 124488 PCT/ US2008/ 059249 56 26. The
net hpgl of TRMheRfod Dfahies darids 1 WewBEDint the peXdriiégelether) has
conposition conprises a poly(arylene ether) having
ary fréringie wéscosiy ¢fl0.93 tgol dacilggelOper gram ps measurped jny chipioform at
2% y z wherein L has the structure RS R6 R6 R5 *--0
X R5 R6 R6 5 wherein each occurrence of R5 and R6
is independently selected fromthe group consisting
of hyglr ogeRe mRalo@@eRny YNskbsd i 08} wHerei thepsly(drvlereether) has
Cl1-C12 hydrocarbyl provided that the hydrocanbyL
ary GG glsmﬁtytcgr({ 1 &% Q.Zﬁm%qrwg}rar@@s @ezsured in ‘chloroform at
2%gflrocarbylthio, C1- C12 hydrocar byl oxy, and C2-Cil2
"ohydr ocar byl oxy wherein at |east two carbon atons
separate the hal ogen and oxygen atons; x is 0 or 1;
and 30.hasThansthodcifune of elaied £A8f whereinhie golyrylene ether) has
consisting of R 0 S 0. 0 R

ng ¢ 8. :
an intrinsic viscosity of 0.03 to 0.15 deciliter per gram as measured in chloroform at

25°C.

31. An extruded composition prepared by the method of claim 1,
comprising a poly(arylene ether) comprising 5 to 10 weight percent, based on the total
weight of the poly(arylene ether), of molecules having a molecular weight less than or

equal to 750 atomic mass units,.

32.  An extruded composition prepared by the method of any of claims
1-31, comprising a poly(arylene ether) comprising 10 to 20 weight percent, based on
the total weight of the poly(arylene ether), of molecules having a molecular weight of

500 to 1,500 atomic mass units.



ONI , I Si , and C R9 wherein each occurrence of

R7 is independently selected fromthe group consisting
W@R009W-2898/ 124488 PCT/ US2008/ 059249 57 hydr oR@&rnus2eds/059249

Cl1- C12 hydrocarbyl, and eaeh occurrence of R8 and R9

I's independently selected fromthe group consisting

of hydrogen, Cl1-Cl2 hydrocarbyl, and Cl-C6

hydrogar byhepgthoberelaimR8 and RO col lectively forma

C4-Cl2 al kyl ene group; each occurrence of Z' is

i ndependent |y hal ogen, unsubstituted or substitut ed

C1- Crherehyife seelins evige sompEEeserraelinheelly dr ocar byl

group is not tertiary hydrocarbyl, Cl-Cl2

hydr § d i Bé-&dd consistin

ﬁﬁ%feg%’ g% hiﬁ%ti(g%ml%@gt?% 12)%1?8%%’\/\0 carbon atons °

o%eparate t he hal ogen and oxygen atons; each occurrence

of Z2 is independently hydr ogen, hal ogen,

o YRRt BIbA et SHRPRUTE 6P e, ot st 1.5
hydr ocar bwdro;@ig@ﬁ,ﬁs pavbi@edy; byl t hi o, C1-Cl12

hydr ocar byl oxy, or C2-Cl2 hal ohydrocar byl oxy wherein

at least twp carhon_ato separate the hal ogen an
oxygen at dRe! Ycﬁlpﬂfad’o%y &y ne'q}%gp%‘ﬁﬂ%?ﬁm%/ 803 ?‘%raﬁﬁoat least 1.5
provi ded &H@ ngtéqgulglﬂag{olééuﬁngldz is at |east one; each

occurrence I's i ndependent|y hydrogen,
(meth)acryloyl, styryl nethyl, or glycidyl. WO
2008/ 124488PCY(e82G08/ 059249 58 27. The method of
any of clains 1-21, wherein the poly(aryl ene ether)

CONpr} S8R &enis&gt[eﬁ %’&?@&féﬂ{e of ag& RQ x{ HiafheRy gles@ Jigrn%fl 0,04 to

conpriging repeati
0.1:8 d6¢ilBtok per gram a@mdaﬁlr% dioroform at 25°C;

wherein the mixture comprises 65 to 85 weight percent poly(arylene ether) and

15 to 35 weight percent solvent; and

wherein devolatilizing extrusion comprises feeding the mixture to an extruder

comprising
at least one barrel having a temperature of 200 to 235°C, and

at least one vent having a pressure of 20 to 40 kilopascals.



wherein each L1-L4 is independently hydrogen, a Cl-Cl12

al kyl group, an al kenyl group, or an al kynyl group;
wab@sa24388 he al kenyl group is represented by LBCT/US2008/059249

--E-CH2k ¢ a 16 L, L whewmein L5-L7 are independently

hydrogen or nethyl, and a is 0, 1, 2, 3, or 4; wherein

the al kynyl group is represented by 4CH2}-C C L8 b

wher @i n L8hé SmBihdd 08€ tlaife 33y | wh@tinetky Imixare Eorhgrifag the

1, 2, 3, or 4; and wherein 0.02 nole percent to 25

nol e per ceely(asflencaharpang the solygntdgpselitigent s in the

ring- functionalized poly(arylene ether) are al kenyl

and/ al L 2 e .

) 82 VDR T ISR e g sion
cdm@Tses whendecing theempxadry (@ary bxaneleeinteesupethasted atate.

intrinsic viscosity of 0.03 to 1 deciliter per gram as

measyred ip chloroformat. .25 9. ,The t.hqd of

of - o s The S RIASD 0] T Py Pa e To ap i pelivtene
ctBBr) icBinpHi B! 16ssMth&E 2900 Ypats por hillien By wei steGiflahta@tisdiednt for the

gram as neasured in chloroformat 25C 30. The nethod
poly(anylgneotther).ai ms 1- 28, wherein the pol y(aryl ene et her)

has an intrinsic viscosity of 0.03 to 0.15 deciliter

per am r : C : .

ot ritod oo @y NS S oNeBlreif i joctfeed PR aryiene
ether) comprisdss). hp awpehifacont eslecret her) conprising 5 to

10 wei ght percent, based on the total



wei ght of the poly(arylene ether), of nolecul es having

a nol ecular weight |less than or equal to 750 atom c
wore®s/124388 s, . 32. An extruded conposition prepeCEUS1H98/059249

the method of any of clainms2 1-31, conprising a

pol y(aryl ene ether) conprising 10 to 20 wei ght

percent, based on the total weight of the

poIyﬁ&ryl@ﬂ@nﬁﬂhﬁnﬂangbfmhmﬁsaBé@ hamhngﬂmiﬂﬂmed@ba(mybne

ght of 50Q to 1,500 atom c_mass .uni
ctBeD g P RETPCTIASSbOE 590 FHrr) GonBHSngnel g Blesst 19

€ | drfag ene cther
VLA gt MR RGO LS BB Rl o
cangprises epbbfﬁhrfflleomﬁlhé hgviogthestmstust i ng  of a
pol yhydr oxy poly(arylene et her) conprising, on
average, at least_1.5 hydroxy groups r nol ecule, a

pol ycapped pol y( ene et her)zlconpXi sipg, on aver age,
at least 1.5 [ ‘ nol e, and
m xtures thereof; he 1 sol at &d pol y(aryl ene

ether) has an intfrinsi¢ viscogity of 10.04 to 0.15
deciliter pergrgrdmas<reasur eg—in-@g m at 25C

wherein the mxtdre coNprised/ 65 to 85 i ght percent
pol y(aryl ene eth o0 35 weijght percent
sol vent; and wherjei\n dedvol at N i zi ng usi on

conprises f eedi ng t Neym #10 an /extfuder
conprising at le t,enperature of
200 to 235C, and at |east one vent having a pressure

whére?0 R Os 4fhekidstasalas polBy@@08ntRdid8&ch occurrence of Z' is
PCT/ US2008/ 059249
independently halogen, unsubstituted or substituted C;-C;, hydrocarbyl provided that
the hydrocarbyl group is not tertiary hydrocarbyl, C;-C;» hydrocarbylthio, Ci-Cy,
hydrocarbyloxy, or C;-Cj; halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of 7? is independently
hydrogen, halogen, unsubstituted or substituted C;-Ci, hydrocarbyl provided that the
hydrocarbyl group is not tertiary hydrocarbyl, C;-Ci; hydrocarbylthio, C;-Ci»
hydrocarbyloxy, or C,-C;; halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of m is independently 0 to

12, provided that the sum of all occurrences of m is at least 1; n is at least 2; and each

occurrence of Q is independently hydrogen, (meth)acryloyl, styryl methyl, or glycidyl.



61 34. The method of claim 33, wherein the mxture
conprising the poly(arylene ether) and the solvent is
wa2@sliedson. 35. The nmet hod of claim 33 or 34, PUITER®0$1059249

the devolatilizing extrusi o@ conprises introducing

the m xture to an extruder in a superheated state. 36.

The nmet hod of any of clains 33-35, wherein the

i sol 39.ed PR Wetod EMRy oftchemny 38 BEPHhsRsn tHRSSolktedmoly(arylene

2,000 parts per mllion by weight of an antisolvent
cther) hapeon gyeipgardf|latse let Rdrpxy Zroupsmsr ppelpste ghd gRypgses @

[ 3 %@f i i sol ated pol y(aryl ene
p@%ﬁér§63%%% P%e %gfﬁ¥%&% wei ght percent solvent. WO
2008/ 124488 PCT/ US2008/ 059249 62 38. The net hod of
‘%Iy(ar¥§ené

pol y{i 3 et
at ¢Heast funct i opal
and hher i e i so| af

yhydri ¢/ phenol ; e

dépendentll y hafByen
unsubstituted dr substituted Cl-Cl2 hydrocar byl
provided that the hydrocarbyl group is not tertiary

wEé’rganC@écl?lyl occatrefde? By digcaghy! Qhi g GhddpbAdently methyl or
ydrocar byl oxy, or C2-Cl2 hal ohydrocar byl oxy erein

dian-biybstinomethyh rand reagh @esurraneparfza end feishiatenpadenilyd0 to 12,
0X) ons; each qccurrence of Z2 is independently

P%Vﬁ%@@&ﬁ?“ﬁ&ﬁb&@ ?“ﬁ%@&%%?gﬁuted or substituted Cl-Cl12
hydr ocar byl provided that the



hydrocar byl group is not tertiary hydrocarbyl, Cl-Cl2
hydr ocar byl t hi o, Cl-Cl2 hydrocarbyl oxy, or C2-Cl2
whadoehgdsocar byl oxy wherein at | east two car boPCEHUBS2988/059249
separate the hal ogen and oxXygen atons; each occurrence
of mis independently O to 12, provided that the sum
of all occurrences of mis at least 1; nis at |east
2, apgl eathe nRERUIIFANG ®f 0fairk BS- 3|8n%@1%3dﬁlﬁt1hqdated poly(arylene
hydrogen, (neth)acryloyl, styryl neth |, or yci d
eth@) 2009 YR Es P POPIETOB D STRRLSINE P Craghed Mhbg cagping
gro%l%s :f))er %(ﬁleg{ﬁe 3% P %vhe\f\gl? rt?lle nls{)lg%d' E@bﬁ‘%&eo Qg aEéfﬂlﬁH&S a

has, on average, roxy g oup
mﬂﬁﬁmMMaﬁmﬁﬂmﬁwmgnmm@ﬂmmes a poly(arylene ether)
having the structure @ HHSCHHCH3 HQ7 H3 HOO
\'' /i \./ OOHCHS B HHICHHCH3I H@ a b wherein

each o( i s independently met hyl

or diA d each occurrence of a
and b i 2, Qprovided thatgdt he sum
of a ar 200 124488

PCT US? 8 an¥cé; clai ns
33-38, oly aryl(g{né’ ethyy) is a
pol ycay ) conprising, on

at | eas per nol ecul e; and mhereln
the i sq er) conprises a gil

pol y(ar e structure Z2 71

wherein R is the residue of a polyhydric phenol; each occurrence of Z' is
independently halogen, unsubstituted or substituted C;-Ci, hydrocarbyl provided that
the hydrocarbyl group is not tertiary hydrocarbyl, C-Ci2 hydrocarbylthio, C;-Cy,
hydrocarbyloxy, or C,-Ci; halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of 7? is independently
hydrogen, halogen, unsubstituted or substituted C;-Ci, hydrocarbyl provided that the
hydrocarbyl group is not tertiary hydrocarbyl, C;-Ci; hydrocarbylthio, C;-Ci,
hydrocarbyloxy, or C,-Cy, halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence of m is independently 0 to
12, provided that the sum of all occurrences of m is at least 1; n is at least 2; each
occurrence of R® is independently C;-Cj; hydrocarbylene; each occurrence of p is
independently O or 1; and each occurrence of R’ and R' and R" is independently

hydrogen or C;-C;s hydrocarbyl.



1/ 9R\/ OC(R3)p CRIO Z2 Z1 Rmn wherein Ris

the residue of a polyhydric phenol; each occurrence of
wQ 00882448 dependent | y hal ogen, unsubstituted oPCT/US2008/059249

substituted Cl1-Cl2 hydrocambyl provided that the

hydrocar byl group is not tertiary hydrocarbyl, Cl-Cl2

hydr ocar byl t hi o, Cl-Cl2 hydrocarbyl oxy, or C2-Cl2

hal oly dr oThs hietlaxdyof\sng ro€ichuirat 3B-el@s tvhtsin theribdatedpolyarylene

separate the hal ogen and oxygen atons; each_ occurrence
cther) s, @n iaﬁﬁéﬁ%r\aﬂgﬁ%slt S RSRPHISg 8FPUPH ACH ?cule and comprises a

j LMt ed Cl- Cl2 hydrocar byl

p%?@5?§§§£%%§?”?%%§MEgﬁﬁggarby| group is not tertiary

hydr ocar byl , Cl-Cl2 hydrocarbylthio, Cl-Cil2

hydr odar byl oxy |or ;€2- C12 hal ohydr ocar byl,oxy wherdin

at |ggst two carbon qtory he|hal ogén and,

H - 3 . . 4 CH;
yggn ator ch dent ly|| O

t 42,071 10 IR AL\ @ o : ogFCm

s at |l east - L 2: 3 : dﬁce af R8cn,

i's indepeg €; Q

occurrience of p-i.s independently 0 or X and eachHv

occurrence of RO and R10 and R' is independently

hydr ogen or C1-Cl18 hydrogarbyl. WO 2008/ 124488
wherpmuseedis/ esypsyce 681 4R THE nbt hdd drdespdarlye) methyl or
dig’r?’—b&tgdarﬂm%gﬂh?l; thE daSPIREGHEREINF (25X 8NR in8EBAINtRAS to 12,

on average, at least 1.5 capping groups per nolecule
panded dmpthessas of a polbyisat lehgrle et her) having the

structure @ HHCHHCH3 HQ7 H3Cit CH3 |i CH3 ~j-C

O 4/12.0 \T(IC (%necghgd/ofo ar(1:y~ of claims 33-41, wherein the devolatilizing

extrusion comprises adding a solid poly(arylene ether) to a first section of an extruder,
and adding the mixture to a second section of the extruder downstream of the first

section.

43. The method of claim 42, wherein the solid poly(arylene ether) is a
portion of the isolated poly(arylene ether).

44, The method of claim 42 or 43, wherein the mixture is added to the

extruder downstream of at least one vent having a pressure of 20 to 40 kilopascals.

45. The method of any of claims 33-44, wherein the cooling belt is

maintained at a temperature of -30 to 150 °C.

46. The method of any of claims 33-45, wherein the isolated poly(arylene

ether) is in the form of flakes or irregular particles.

47.  An isolated poly(arylene ether) prepared by the method of any of
claims 33-46 and comprising less than or equal to 2,000 parts per million by weight of

an antisolvent for the isolated poly(arylene ether).



HC CH3 CHZ @B HH3C HH CH3 H Q a b wherein each
occurrence of Q7 and B is independently nethyl or
wa@lReosAD48s/1 am nonet hyl ; and each occurrence of PEI/HI2H081059249
is independently O to 12, éprovided that the sum of a
and b is at least 1. 42. The nethod of any of clains
33-41, wherein the devolatilizing extrusion conprises
addi pg a $Ré iishlRed YoRi(MyRne &hdtplof dlgind 477 kefhpssiagi®@n to 1
of an extruder, and adding the m xture to a second
weight PoReTb SOV, ext r uder downstream of the first
section. 43. The nethod of claim42, wherein the solid
pol yg@ryl 8O
ol y%%r v gﬁcglsg %ol&@?@en%%%s)ﬂclglfm hl?% gl§ n%d‘?‘rﬁzﬁﬁung 5 :co 10
welght pennemth(basmdxmm the iotal addgld d)ﬁ)thbhmly(ewﬂmd@her) of molecules

downstream of a t one v avi ng a pressure of
hi5ePd gl Bt et 87 St A e TR L ol s
33-44, wherein the cooling belt is maintained at a

t enpsg.at UTRe @blatediChdlRad/Rbhe Ctheffof a{ﬁlyQ)f elined7ab, ashipdding 10
clainms 33-45, wherein the isol ated

toe2Aewyighs persentebasest wnothes fosal eweight |0f r%@ og{y(arylene ether), of

oAb ISR IR S

conprising |less than or equal to 2,000 parts per
mllion by weight of an antisolvent for the isolated
pol y(aryl ene ether). WD 2008/ 124488 PCT/ US2008/ 059249
66 48. The isol ated poly(arylene ether) of claimA47,
conprising 0.1 to 1 weight percent solvent. 49. The
i sol ated poly(aryl ene ether) of claima47 or 48,
conprising 5 to 10



wei ght percent, based on the total weight of the

pol y(aryl ene ether), of nolecules having a nolecular
woweioghe44Bess than or equal to 750 atom c rmass BEII/US2008/059249

50. The isol ated poly(aryl ene ether) of any of clains

47-49, conprising 10 to 20 wei ght percent, based on

the total weight of the poly(arylene ether), of

nol esul esThamethgd af BRIeCUl ar wei ght of 500 to 1,500

atom c mass units. WD 2008/124488 PCT/ US2008/ 059249

67 51. The nmethod of claim1l, wherejn the cooling

devi WBergisnpe P%‘é%“géleﬁ%P?Iﬁaﬂﬁélatcool}\%{’%??n the extruded

conmposition is an isolated poly(aryl ene ether);

V\’her@h&efnhﬁe Bktiidet %oﬁxﬁgﬁﬁé)I?‘i%sanz&lﬁt@d BOyRYIgkY cth&;cent

poly(arylene ether) and 20 to 30 MEIggt per cent

tol uene; and wherein the isolated Eoly(arylene et her)

has wheteintthe mixtgragoseyises 70 tof SOWeight Rercapt polytrxieng @ther) and

[ chloroformat 25C, wherein the

2@§6¥g?§ghg%¥§%g§§%%%élgther) has, on average, at | east

1.5 hydroxy groups per nolecule; wherein the isolated

pol y¢heryinethe isdlived )pol,}mrprehs ethea) ol a)n( mtxy'rﬂxsém gisetdityrgf 0.04 to

havi n the structure HHCHHCHI HQ/7 IHs \ H
0.10 deatfifer ppr gyamyas F@aﬁ{lﬁd 1 qiberofery aEP8°G 8 a b wherein

each occurrence of Q7 and B is independently nethyl

an d %hm@mbt% YA EUEIEIJI‘%]EI%G:O&?%) §RE NP SR e AR . Ahydroxy

I'S 1 ndependent
groups per molecule;

wherein the isolated poly(arylene ether) comprises a poly(arylene ether) having

the structure

qQ’ H

H CH, H Q8

wherein each occurrence of Q' and Q° is independently methyl or
di-n-butylaminomethyl; and each occurrence of a and b is independently O to 12,

provided that the sum of a and b is at least 1;

wherein devolatilizing extrusion comprises feeding the mixture to an extruder

comprising
at least one barrel having a temperature of 210 to 230°C, and
at least one vent having a pressure of 25 to 35 kilopascals;

wherein the mixture is fed to the extruder downstream of at least one vent; and



provi ded that the sumof a and b is at |east 1;
wherei n devol atilizing extrusion conprises feeding the
wWOorooBae488 o an extruder conprising at | east OPEI/D82008059249
havi ng a tenperature of 2168to 230C, and at |east one

vent having a pressure of 25 to 35 kil opascals;
wherein the mxture is fed to the extruder downstream
of afvhéeasd p&fien Ve tHe; is@mdd YO y2A0IBAd &hdi88s recycled for addition to
PCT/ US2008/ 059249 68 wherein a portion of the
thiedesdatheoat plothg exlfydeene ether) is recycl ed for addition
to the feed throat of the extruder. WD 2008/ 124488
PCT/ US2008/ 059249 69 52. The nethod of claim 51,
wherein the m xture conprising the poly(arylene
ether) and the solvent is a solution. 53. An isol ated
pol y(aryl ene ether) prepared by the nethod of claimb51
or 52 and conprising less than or equal to 2,000
parts per mllion by weight of an antisolvent for the
I sol ated pol y(aryl ene ether). 54. The isol ated
pol y(aryl ene ether) of claim53, conprising 0.1 to 1
wei ght percent toluene. 55. The isol ated poly(aryl ene
ether) of claim53 or 54, conmprising 5 to 10 weight
percent, based on the total weight of the poly(arylene
ether), of nolecules having a nolecular weight |ess
than or equal to 750 atomic nass units,. 56. The
i sol ated pol y(aryl ene ether) of any of clainms 53-55,
conprising 10 to 20 wei ght percent, based on the
total weight of the poly(arylene ether), of nvolecules
havi ng a nol ecul ar wei ght of 500 to 1,500 atom c mass
units. WD 2008/ 124488 PCT/ US2008/ 059249



70 57. The nethod of claim1, wherein the cooling
devi ce conprises a cooling belt; wherein the extruded
W@ 09p034488 on is an isol ated pol y(aryl ene et herR¢T/US2008/059249
wherein the m xture conprisges 70 to 80 wei ght percent
pol y(aryl ene ether) and 20 to 30 wei ght percent
tol uene; and wherein the isolated poly(aryl ene ether)
has sn i NThé NgktBod | 6L @tdifny 50f Whdddint the QnikGirelecimhpristng the
per gram as neasured in chloroformat 25C, wherein the
Wﬂ§@ﬁékﬂﬁfﬂ§6}?FE@?P@H@”é%%@ﬂ?U%%S, on average, at | east
1.5 capping groups per nolecule; wherein the isolated

pol y{aryl | ( @Rh ¢1dim 51 or
ey g o RGP BRI FRELRIRAI Y A b 3

51 tanCld8mp@simg\ legs Ban or ¢qual @ 2000 MRS @eRNdEPh byeveighoof an
H H b erei.n each, occurrence of Q7 and 8

ar}t’gng%%ﬁéﬂ’%ﬁ?tﬁd ﬁ@ymlerber&ﬁe&?'- n- but yl ani nomet hyl ; and
each occurrence of a and b is independently 0 to 12,
provigled Thatisdldied Pe(aiylede adliskrp of Sclaiin 15@asdmprising 0.1 to 1
wherein devol atilizing extrusion conprises feeding the

weight pareent éple§ncext ruder conprising at | east one barrel
having a tenperature of 210 to 230C, and at |east one

ventslavi fie foRERSTIN ZthdrPoBdaitt k9RASE A haprising 5 to 10
mher%?n t?e nfxture “§B$%g to ?%e g&truder dowﬁ;trgam
weighpercets basedeony gt totarwkight of the poly(arylene ether), of molecules

having a molecular weight less than or equal to 750 atomic mass units,.

56. The isolated poly(arylene ether) of any of claims 53-55, comprising 10
to 20 weight percent, based on the total weight of the poly(arylene ether), of

molecules having a molecular weight of 500 to 1,500 atomic mass units.



WO 2008/ 124488 PCT/ US2008/ 059249 71 wherein a portion
of the isolated poly(arylene ether) is recycled for
wa@eowst@essto the feed throat of the extruder.PONDUS2008/059249
2008/ 124488 PCT/ US2008/ 059249 72 58. The net hod of
claim57, wherein the m xture conprising the
pol y(aryl ene ether) and the solvent is a solution. 59.
An i spl at gre pethvdarylaghe, et her) prepared by the nethod
of claim57 or 58 and conprising |ess than or equal
to 2,000 parts per mllion by weight of an
anti %’BPY@WG eoplingevics GPIQP@%FS&HWg Ene et her). 60.
The isol ated poly(aryl ene ether) of cI ai m 59,
co np%héjeﬁlgthg e)ltrﬁd%d %omﬁ’@élﬂm 1spc1‘131r1%5ﬁ3d b é/ga?ﬁ@ne &her);The
i sol ated poly(arylene ether) of claim
conprising 5 to 10 weight percent, based on the t ot al
wei giherstn thpaniyoreqaamnyisend) tx Hewyighiopereast sely(asglene ether) and
nol ecu ht | ess than or equal to 750
zgfo#qqgelﬁg SR to?e.neﬁ .. The isol ated pol 3(ary| ene
et her) of any of clains 59-61, conprising 10 to 20
V\Bi gWhereslr thenkolated yetl(anlchbetitedt Bds meimgtitsiofistomty of 0.04 to
y(aryl ene ether), of nolecules haV|ng a nol ecul ar
0 \Mé.dg%hteépe%@lntaé meagped it drereloresd 201t s

wherein the isolated poly(arylene ether) has, on average, at least 1.5 capping

groups per molecule;

wherein the isolated poly(arylene ether) comprises a poly(arylene ether) having

the structure

Q’ H HiC H H CH, H Q7
S | T s
>/-—C——o 0 c 0 o——c~<
H,C CH, CH,
Qf H H,C H H CH, H Q?
L - - b
a

wherein each occurrence of Q' and Q% is independently methyl or
di-n-butylaminomethyl; and each occurrence of a and b is independently 0 to 12,

provided that the sum of a and b is at least 1;

wherein devolatilizing extrusion comprises feeding the mixture to an extruder

comprising
at least one barrel having a temperature of 210 to 230°C, and
at least one vent having a pressure of 25 to 35 kilopascals;

wherein the mixture is fed to the extruder downstream of at least one vent; and
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wherein a portion of the isolated poly(arylene ether) is recycled for addition to

the feed throat of the extruder.
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58. The method of claim 57, wherein the mixture comprising the

poly(arylene ether) and the solvent is a solution.

59.  An isolated poly(arylene ether) prepared by the method of claim 57 or
58 and comprising less than or equal to 2,000 parts per million by weight of an
antisolvent for the isolated poly(arylene ether).

60. The isolated poly(arylene ether) of claim 59, comprising 0.1 to 1

weight percent toluene.

61.  The isolated poly(arylene ether) of claim 59 or 60, comprising 5 to 10
weight percent, based on the total weight of the poly(arylene ether), of molecules

having a molecular weight less than or equal to 750 atomic mass units,.

62.  The isolated poly(arylene ether) of any of claims 59-61, comprising 10
to 20 weight percent, based on the total weight of the poly(arylene ether), of

molecules having a molecular weight of 500 to 1,500 atomic mass units.



