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an orgamc solutlon of poly(arylene ether) resm resulted in formation of dispersions

that made it difficult to separate the poly(arylene ether) from the polymerization
catalyst. There is therefore a need for new poly(arylene ether) synthesis methods that
avoid the formation of a dispersion during purification of poly(arylene ether) resins
having low intrinsic viscosity and high functionality. There is also a need for
poly(arylene ether) resins that are enriched in low molecular weight poly(arylene

ether) chains.
BRIEF DESCRIPTION OF THE INVENTION

The above-described and other drawbacks are alleviated by a poly(arylene ether)
copolymer, wherein the poly(arylene ether) copolymer is the product of oxidative
copolymerization of monomers comprising a monohydric phenol and a dihydric
phenol; wherein the poly(arylene ether) copolymer has an intrinsic viscosity of about
0.04 to about 0.15 deciliter per gram, measured at 25°C in chloroform; wherein the

poly(arylene ether) comprises, on average, about 1.8 to about 2 hydroxyl groups per

1



copol yneri zati on of nononers conprising a nonohydric

phenol and a di hydric phenol; wherein the poly(aryl ene
we@eweny766odpol ymer has an intrinsic viscosity OPCHIDSU6/046637

0.04 to about 0.15 deciliter per gram neasured at 25C

in chloroform wherein the poly(aryl ene ether)

conpri ses, on average, about 1.8 to about 2 hydroxyl

groups pernol ecul e; and wherein the pol y(aryl ene

et her) copol ymer conprises about 10 to about 70 nole

percent of copol ynmer chains conprising a termnal unit

derived fromthe di hydric phenol. Another enbodi nent
rriosemlep @by (vﬁteyd:lﬂ nhze poly@aryleae pibky)rodpolyntee icoipriséeabout 10 to about

gol %I ene % g %'- ”g‘%mh%ﬁtaga %ﬁ-@%ﬁh@{ ﬂﬂi"aed from the

dﬂ@vﬁﬂb»ﬁéﬁ(q phenol and a di hydric phenol; wherein the
po y(aryl ene et her) copolyner has an intrinsic

cosit f about o ab deC|I|ter er
Aol siacinelt B & SIS P8 SHRPIRIET At BS poly(aryiene
ethel)y (Bpylyaite & B¢ )p@atmr |o$e5x1daﬁvavafp@g,eneramuh &f 8monomers
to about 2 hyg &( roups perhgﬂ ec d wherein
COIREIHEL\R ARSFOBH p9l 2ha) qihdric 8 il adbesgi dhe pgly(arylenc

ea@r)a&swmﬁ& m z&mntﬂﬁélé evﬁ‘slcoQIEy ©PRBOMNB04 GHAbLBEL 0.15 deciliter per
conpri sing aromatic ring _noieties. Another

SEATHJBFIRFR ¢t325aC pBichlospioran & hetaia the RUPEHYRRS cthep papgises, on
a{'&ﬁ% aolﬂy&ﬁ” Y. %efbe a8 D) hE®BRLY ERSups Spdrh Erdd R CinPfwherein the

oxi dat 1 ve copol ynerlzatlon of nmononers conprising a

erctel ol Tl @h?rg EWBPLYE QPUeRTHPE rabeuh ANl abafQveighiepercent of
1¥aRf Xﬂﬁﬁ‘évc&ﬁﬁ%ﬁ £ 25 ¥Ghatha$n ol difes! NSi C

VISCOSIty of about % 04 to about 0715 deciliter per

gram neasured at 25C in chloroforn1 wherei n the

Aﬁ’Qﬂ}e(fafi{?‘P%@e@? F%F)P%W?@e%t e‘arFWgﬂla(g whegeintthe poly(arylene

yfad?Y | p c r
eth%r)agzgss% ,%xoé&l mgslr QKY %%gggbgt%fo%d%m@ é%lp%lyrﬁtl(,}gzna‘gﬂgt %g pr)nonomers

Compurge: RUIPDY ng rbenelopnst 9n@hy%rh<aph§nfdo rvﬁmr@n rije pofyfarylene
A‘xi'f)a %ﬁélﬁreﬁées?%le E%H‘lﬁglh %scoﬁ@f%b%ﬁo@{@@g;}H%Buf E.lg deciliter per

gcmmpnmungi at@d°@amchl;1r9fo¢zygg}y%§ fﬁgs@y@quﬂm@mpnm on
gg ab%ggl 3 t%' eti%q b%ﬁgﬂﬁ@? dl‘g)eﬁﬂ: Q&I é C dI vytslet:rem at least 10

dcarbon sol ven a Ca
“@ghjrpqcmg f et poly(arylene ether) copolymcr consists of copolymer chains
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Another embodiment is a poly(arylene ether) copolymer prepared by a method,
comprising: oxidatively copolymerizing a monohydric phenol and a dihydric phenol
in an aromatic hydrocarbon solvent in the presence of a catalyst comprising a metal
ion and a nitrogen-containing ligand to form a solution comprising a polyfunctional
poly(arylene ether) having an intrinsic viscosity of about 0.04 to about 0.15 deciliter
per gram at 25°C in chloroform; and contacting the polyfunctional poly(arylene ether)
solution with an aqueous solution of a chelating agent to extract the metal ion from
the solution; wherein the chelating agent and metal ion are present in a molar ratio of
about 1.0 to about 1.5.

Other embodiments are described in detail below.
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The poly(arylene ether) copolymer is the product of oxidative copolymerization of
monomers comprising a monohydric phenol and a dihydric phenol. In one

embodiment, the monohydric phenol has the structure
OH

Q! Q!

Q? Q2
H

wherein each occurrence of Q' is independently halogen, primary or secondary C,-C);
alkyl, C,-C, alkenyl, C3-Cy, alkenylalkyl, C,-C); alkynyl, C3-C; alkynylalkyl, C,-C;»
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enbodi nent, the nonohydric phenol has the structure

wherein each occurrence of QL is independently
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al kynyl al kyl , Ci1-Cl2am noal kyl, C1-Cl12 hydroxyal kyl, C
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wherein each occurrence of R' and R? is independently hydrogen, halogen, primary or
secondary C;-Ciz alkyl, Ci-Ci, alkenyl, C{-Ci, alkynyl, C;-C|» aminoalkyl, C{-C2
hydroxyalkyl, C¢Cj2 aryl (including phenyl), C)-Cj2 haloalkyl, C;-Ci2
hydrocarbonoxy, or C,-Ci, halohydrocarbonoxy wherein at least two carbon atoms

separate the halogen and oxygen atoms; Z is 0 or 1; and Y is selected from

wherein each occurrence of R’-R® is independently hydrogen or C;-C,; hydrocarbyl.
As used herein, the term “hydrocarbyl”, whether used by itself, or as a prefix, suffix,

or fragment of another term, refers to a residue that contains only carbon and
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hydr ocar bon noi eties. In one enbodi nent, the dihydric
phenol is selected froml, 1-
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- met hyl - 4- hydr oxyphenyl ) - et hane, 1, 2-bi s(4-hydroxy-3
, 5-di met hyl phenyl) - 1, 2-di phenyl et hane, 1
2- bi s(3- et hyl - 4- hydr oxyphenyl ) - 1, 2-di phenyl et hane,
1, 2- bi s(3-nethyl -4-hydroxyphenyl) et hane,
2,2' -binaphthol, 2,2'-biphenol, 2,2'-
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cyclohexylmethane, bis(4-hydroxy-3,5-dimethyl phenyl)phenylmethane, bis(3-methyl-

4-hydroxyphenyl)cyclohexylmethane, bis(3-methyl-4-hydroxyphenyl)methane,
bis(3,5-dimethyl-4-hydroxyphenyl)methane, bis(3-methyl-4-
hydroxyphenyl)phenylmethane, 2,2’,3,3°,5,5°-hexamethyl-4,4’-biphenol,

octafluoro-4,4’-biphenol, 2,3,3%,5,5’-pentamethyl-4,4’-biphenol, 1,1-bis(3,5-dibromo-
4-hydroxyphenyl)cyclohexane  1,1-bis(3 ,5-dimethyl-4-hydroxyphenyl)cyclohexane,
bis(3-methyl-4-hydroxyphenyl)cyclohexane, ' tetrabromobiphenol,
tetrabromobisphenol A, tetrabromobisphenol S, 2,2’-diallyl-4,4’-bisphenol A, 2,2’-
diallyl-4,4’-bisphenol S, ) 3,3’,5,5’-tetramethyl-4,4’-bisphenol sulfide, 3,3°-
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4- hydr oxyphenyl ) cycl ohexane 1, 1-bi s(3
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The poly(arylene ether) copolymer comprises about 10 to about 70 mole percent of
copolymer chains comprising a terminal unit derived from the dihydric phenol. For
example, when the dihydric phenol is 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane,
the poly(arylene ether) copolymer comprises about 10 to about 70 mole percent of

copolymer chains comprising a terminal unit having the structure



the poly(aryl ene ether) copol ymer conprises about 10
to about 70 nole percent of copolynmer chains

W@ pe®sNg a term nal unit having the struct uUPEIIIE2006/046637
the wavy line at the left end of the structure
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c Ooﬁ%ﬂme@%ﬂ%&fr?ﬂn@sgﬁ?? t&'cﬂl%%ﬁg%tl c%&%e& téb“?ﬁ }he cﬂﬂ?&ﬁ'{(yﬁﬁenol may be

rrses a ercent
atclopst|apoat 2@, ari ab $eastoahont 30ner at least nibcm.tl40u mMlso okdthin ghis range, the
i 5 ' t. . .
o ey B S8 NS TR i Mo fom. e
dthydnosplteylobfmaybbejtupOt(ﬂﬁbdm G ourhedmibbe gheieht prcopelymer chains

R AR TN —
visopityysiithe pbhi(arylene kiier)s | Tighsairt edenemboditient, thiepolyéatylene ether)
st e phenaly Lnote SRR 0 Ui e g
afi® el @&he@ﬁoﬁkﬂ?ﬂkr dor8Pfsds@batOsy tbatid0 70 hTE percent of

opgme “”éﬂﬁa%%ﬁé%?ééﬁg%@% 5 deed o f Uhyrig phenol. In one

e%Albbbinﬁledt htrfe plpGRylehd RhME) BEBolRMEr BEE aHUnh&ﬁLblldiRns‘éﬁhﬁhbf about
Oqgggte at | east out 1,500 atam ¢ nmss
{

abgyb Qt092dft9‘§ﬁeraP%'rﬂrémnﬁ§§ witreia t eApgld(wkemf ﬁthem gopolymer
chbRPHSes hbkutV83 §PtabBYEB8US0le percent of copolymer chains comprising a

terminal unit derived from the dihydric phenol. In one embodiment, the poly(arylene

ether) copolymer has an intrinsic viscosity of about 0.09 to about 0.15 deciliter per
gram; and wherein the poly(arylene ether) copolymer comprises about 10 to about 45
mole percent of copolymer chains comprising a terminal unit derived from the

dihydric phenol.

In one embodiment, the poly(arylene ether) copolymer has a weight average molecular
weight of about 1,000 to about 6,000 atomic mass units as determined by gel
permeation chromatography as described in the working examples. Within this range,
the weight average molecular weight may be at least about 1,500 atomic mass units, or
at least about 2,000 atomic mass units. Also within this range, the weight average

molecular weight may be up to about 5,000 atomic mass units, or up to about 4,000
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nol ecul ar wei ght may be up to about 5,000 atom c nmass

units, or up to about 4,000atom c mass units, or up to
W@b@aneBsH00 atom ¢ mass units. I n one enbodi NeOT/US1006046637

pol y(aryl ene ether) copol yner has a nunber average

nol ecul ar wei ght of about 500 to about 2,500 atomc

mass units as determ ned by gel perneation

chr omat ogr aphy as descri bed in the working exanpl es.

Wthin this range, the nunber average nol ecul ar meight

may be at | east about 700 atom c mass units, or

ato%"ﬁ%tm %tsl t@ 95@&03 gto%' trﬁass i1 In%\r/lgreﬁgﬁ)tdtment the

nol ecul ar V\BI avera e ol ecular Wwel

ppiwarylenmethear @momng‘dlasmumwrlaaaagh rarietudegyrva iyt cefsabout 500 to
ag&%oi 56@ Qtanw n%gss\’\@&ks' &gd& n?teg % ] ge\}\é)%gﬁm?gt%c}ggmag)graphy as

, the aver age o1 eEul
dt:sm}vbdum tlﬁ: ®6ﬂcmg examplens Wzﬂnnttbxs ravigel) thel xmrﬂikkﬁrlﬂvezth ®blecular
' ' enbodi nment the ol y(ar n )
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s eaits.aNusheghiveiage mmts@narayatgagammk@lu bdérap® hiddculdr weight

bo 2tog u 1’3 W t hlnthlsrang th rati o max
“F“@é‘é‘te b‘B’b permeatigng 3 deseghed tipdhe working
ekﬁ‘hplés Masd@ithih this Abellthe n@mber a\lépaée%éiéeﬁlﬁr wefht may be up to

@I Bﬂﬂt he. pol y(aryl ene et her) ol is enrichéd
?Pﬁ tIRIA FIESHANYHt OF PRctoead Oltft mrm@s yaity In one

el®odingdttt] shofpdigatdedl cmpp %Fglne-ggtjlﬁit%sr lan ggc&g of welght average

i ment vvhere t he poly(ar
“Bg%\? Seeisht 9. ’éﬁrﬁ’%%ftﬂ)’lg}iﬁsé%m gﬁﬁaf Wﬁ@htjp%w/‘eﬁqt@ tpt?éﬁ@t 3. Within

tlﬁ@ E@fgbsﬁé ratio may be at least about 2.1. Also thhm this range, the ratio may be
- bi S&I 5- di et hyl - 4- hydr oxyphenyl ) pr opane, he

“Bé‘P?‘?%Prt “@ttﬁ@P?Utc?e@ol yner conprises only about 150
to about 1350 parts per mllion by weight of residual

Alhon Qh@%)o;)?(\;agléhdmﬁﬁ W BopMhePRAERN Al th W%o%)cglar weight

t o_abaqut ht percent of residual (unreacte
SPECIESpik (M3a)5; § CBPWE‘Fﬁ yyery -lowy pvsley phiarsidyg r mpapmerseadlfhuas in one

elBa&IM &G vhi/erg"t‘ﬁe 58{ RE'e ﬂ'&g)\/ ccgfol)ﬂ‘g fdrﬁ@‘ése'srh & Iaﬁnethylphenol

wor ki ng exanpl e he” mono

andh g’@r‘b C}H“el&qnﬁt 9°‘Pﬂ'é5€?§@a%@(&ﬁmemfbydwwhwm)pmpane, the
fehl YetRs) & l&n@e&‘{ﬁ

PORIFIehE el obplnit? XBhEs Bltfiab 150 BB 1330 pacts per

miliesHpoyighp pEresidush(unieactad) 2c- phmtbyjphmm @né/pe ohBsabout 0.2 to

abdl#l 2.7 weight percent of residual (unreacted) 2,2-bis(3,5-dimethyl-4-

hydroxyphenyl)propane, each as measured by gas chromatography as described in the

working examples.

The monohydric phenol is incorporated into the poly(arylene ether) copolymer
primarily as a 1,4-phenylene ether unit. However, under certain polymerization
conditions, some of the monohydric phenol may form a diphenoquinone species that
is incorporated into the poly(arylene ether) copolymer. For example, when the
monohydric phenol comprises 2,6-dimethylphenol and the dihydric phenol comprises
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, the poly(arylene ether) may comprise
about 0.5 to about 1.5 weight percent of units derived from 3,3°,5,5’-tetramethyl-4,4°-
biphenol. When the copolymerization is conducted in the presence of a primary or

secondary amine catalyst component, the poly(arylene ether) may incorporate amine
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is incorporated into the poly(aryl ene ether)
copol yner. For exanple, when the nonohydric pheno

W@ wpe®es 2, 6- di met hyl phenol and the di hydri cP@iTesmbe/046637
conprises 2, 2-bis(3,5-dinmethyl-4-hydroxyphenyl)
rropane, the poly(arylene ether) may conprise about
0.5 to about 1.5 weight percent of units derived from
3,3 ,5/5 -tetranmethyl -4, 4' - bi phenol. Wen the
copol yneri zation is conducted in the presence of a
primary or secondary am ne catal yst conponent, the

: yl r i ncorporate anm nesubstituents. . .
S PR SR E, X Ok RO AT Kot o bBgericing
ingh¢ prasence oftp catalysecqpmpssng di-afbuylantind, Yisd palg(iylesd sfer) may
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wglrrl}d deternmi ned by 1H NVR as described in the working

Exatmr el P'the enbodinent is a pol y(aryl ene et her)

copol ynmer, wherein the poly(aryl ene ether) copol yner
Ones emnbediprentiich poly(avyl dhiet dther) CoPsIyMRE WHEetinahe @bly(arylene ether)

NMDNONEI.S ,,CONSi,St,i 2,.6- di net hyl phenol and L
copolymer S}f él}%prgld}.}%tt W(P:gggth\g;&%gwg%hfﬁ od FROROMEEs gonsisting 2,6~
dimethyfifhenal and Qf2-Bis(B)5-dimbiby RO drskyphbr8 Prépdnban a weight ratio

%nglgéri/l ene @ 'hein) Cop}cl)l yner has an intrinsic -
NS 1Y 28T abotiP eI ANg BOE’S%M{@HB.WTBQQP?IW@F hggan intrinsic
vighosity dfeasatted.oat t2abohtN 000 QEQTiRE perBRLE! Mehdifed at 25°C in

ol y(aryl ene, et her) conprises, on average, about 1.85
chigo tWhergin Hgfd%%qr?@% (FRerh ePMpHisess fine avegage, about 1.85 to
boberned N Hyldeoxye! ¥ RPemBilRle) AP ﬁ,g\ﬁ
: about 35 y?o _xg’go%f?ago ﬁr?ol e per cient ogh%g%%ltgﬁe%lg | %%e cther)
copglypier s¢qppEsescabautads ai ebetir 74 ewofer prrcenie ofli dopdlyinger chains
coRlPRRAg a RGN YNk AefDEd H’Sﬁl%’aéﬁl}hbll% ggiee of |ow

nolecﬁ t he "po f

ar wei ght species in aryl ene et her)
copolynmer is to quantify the weight fraction of the

Onfo I WAYart) | ehpgacietizs ythe ofeargmal {avat molechisgeweighbfspecies in the

Py ol LA UG (408, B SEBlyin
ethesheonabymer bakisanadmep of malerules kawng h teihs araieatiosng moieties.
Fofrr Ireg Bnpledh RBATdetivEN &R o\ ﬁy&r‘?@ gfx%rﬂﬁ' Wfould BorthiBIBhE aromatic
) g noieties, and a unit derive roma

nng; [pRED6 Guintiodesi vigd dram echibydrigphentlwonidormatritste two aromatic ring
moieties, and a unit derived from a diphenoquinone would contribute two aromatic
ring moieties. The quantification can be accomplished using gel permeation
chromatography in conjunction with mass spectrometry, as described in the working
examples. Thus, one embodiment is a poly(arylene ether) copolymer, wherein the
poly(arylene ether) copolymer is the product of oxidative copolymerization of
monomers comprising a monohydric phenol and a dihydric phenol; wherein the
poly(arylene ether) copolymer has an intrinsic viscosity of about 0.04 to about 0.15
deciliter per gram, measured at 25°C in chloroform; wherein the poly(arylene ether)
comprises, on average, about 1.8 to about 2 hydroxyl groups per molecule; and
wherein the poly(arylene ether) copolymer comprises about 10 to about 75 weight
percent of copolymer chains comprising 1 to 15 units aromatic ring moieties. Within

the intrinsic viscosity range of 0.04 to 0.15 deciliter per gram, the intrinsic viscosity
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ring noieties. The quantification can be acconplished

usi ng gel perneation chromatography in conjunction
wWOoRh/0emes spectronetry, as described in the WeCRUSP06/046637

exanpl es. Thus, one enbodinment is a poly(aryl ene

et her) copol yner, wherein the poly(aryl ene ether)

copol ynmer is the product of oxidative copol ynerization

of nononers conprising a nonohydric phenol and a

di hydri c phenol; wherein the poly(aryl ene ether)

copolynmer has an intrinsic viscosity of about 0.04 to
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Pt ARSI 10 QYo e, gt e ebodkiments hetzss(efyiene cther)

dppdmeemasgheﬂ@ﬁ;s&eﬁsdwi@ o hsoszb&‘) Hout 638lde ?m%g)er gram and

up_to about 95. Wthin the range o
COI@PI?%"S éBB't!& SGtp mws Weieht Rercent efogapolsmest cbhiisomprising 1 to
15&’6&’&&&%&2‘% rﬁofeﬁeg-f’h?{)l%@rhbgmﬂeﬂg tH@P&Bta??l’ené %e%eéoggfymer has

er cent copol yner chai ns conpris
arhf’ﬁﬁﬁ?‘? ¢/ ’sf"ioﬁ‘@' @ Ia(l?f)Wég Ofetip ah@uato 0%dediliwh et £80n weil glvimprises

alﬂ)%f 8603 abdit dOe@él%hﬁ?ée}E%nt A \Qﬁ&gfhter @%ilﬁ? Qémprqgmg ﬁ ttqu aromatic

about 60 wei ght
riggmeégiies. [m ope enmuudememe pdl}'(eryﬂmieﬂtmw kepay@tihhias) an intrinsic

Vlg(%g%%g%%gnﬁé (EntO morult rbsiscdgCﬂSlPOSI ! é‘ﬁ%‘; agl oug’ﬂ%tﬁeélg out 10 to

deciliter per gram an
aboyt Aoweighs m@mtofpempmmemfchmnp(dowmfsmﬁlal 5 15 aromatic ring
In8ﬁ§9£|5|ng 1to 15 aromatic ring noieties. In one
odi nent, the poly(arylene ether) copol yner has an
intrinsic viscosity of about 0.06 to about 0.09

Oxe embpdisrenp és a gobyrtaryhaheocstig) lcepﬂymbr) uh&6int the pobifiryfife ether)
co?@%&%llgﬁﬁc rrgtf %f&ggét},\%eéo %) e}%n gHea oﬂg)ﬁltxg(l)r{]q%ée%s cgnsjfsstmg 2,6-
dxmt}w@pheyb]emgi e12nbis{3, S-dpokthykd-HydsoxyphénylJprdyine in a weight ratio
of about 3 to about 9; wherein the poly(arylene ether) copolymer has an intrinsic
viscosity of about 0.04 to about 0.09 deciliter per gram, measured at .25°C in
chlorofor'm; wherein the poly(arylene ether) comprises, on average, about 1.85 to
about 1.95 hydroxyl groups per molecule; and wherein the poly(arylene ether)
copolymer comprises about 30 to about 60 weight percent of copolymer chains

comprising 1 to 15 aromatic ring moieties.

Another way to characterize the degree of low molecular weight species in the
poly(arylene ether) copolymer is to determine the monomeric composition of the 10
weight percent of the sample having the lowest molecular weight species. For

example, at least 10 weight percent of a poly(arylene ether) copolymer may consist of
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viscosity of about 0.09 to about 0.15 deciliter per

gram and conprises about 10 to about 40 wei ght percent
w@boocogmby mer chains conprising 1 to 15 ar ormat PCT/DE19G6/046637

noi eti es. One enbodinent is a poly(aryl ene ether)

copol yner, wherein the poly(aryl ene ether) copol yner

is the product of oxidative copolynerization of

nononers consi sting 2, 6- dinethyl phenol and

2, 2- bi s( 3, 5-di nmet hyl - 4- hydr oxyphenyl ) propane in a

wei ght ratio of about 3 to about 9; wherein the
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cShet cRfifOBGh Hﬁﬁg ﬂ% 13 ﬁgﬂﬁrﬁksﬁr%g m]oét%.e per pﬁ%% ntrinsic

ring noi et es. his c aracterizatio
VISESHY mange Qﬁﬁé)%m Briét @gmlaqshy»enamn,sqheontrmsm vigcakitiyamay be at
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pO ary ene et her cop O
g901, y'Q%IVWmvetmﬁy)mcwb@ hlpmzlabmst @ hed@uibetipér grhm, or up to about

0.8%i dag; y . on of C rl.s

55 55 BRSPSl B RO By SR P o e
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(A f %g} 0.04 t [iter er
b B 105 WD e 5B R At oevibef e ebiaric phenol,
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0 pS ecul e; an erein
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chloroform, and at least about 10 weight percent of the poly(arylene ether) copolymer
consists of copolymer chains comprising 1 to 7 aromatic ring moieties. In one
embodiment, the poly(arylene ether) copolymer has an intrinsic viscosity of about
0.06 to about 0.09 deciliter per gram, measured at 25°C in chloroform, and at least
about 10 weight percent of the poly(arylene ether) copolymer consists of copolymer
chains comprising 1 to 12 aromatic ring moieties. In one embodiment, the
poly(arylene ether) copolymer has an intrinsic viscosity of about 0.09 to about 0.15
deciliter per gram, measured at 25°C in chloroform; and wherein at least about 10
weight percent of the poly(arylene ether) copolymer consists of copolymer chains

comprising 1 to 15 aromatic ring moieties.

The poly(arylene ether) copolymer may be prepared by a method, comprising:

oxidatively copolymerizing a monohydric phenol and a dihydric phenol in an aromatic
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viscosity range of 0.04 to 0.15 deciliter per gram
the intrinsic viscosity may be at |east about O0.06.
WAR®a/0gdethi N the intrinsic viscosity range of BCDUS1006/046637

0.15 deciliter per gram the intrinsic viscosity may
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to extract the netal ion from
dispersion could be avoided by reducing the concentration of chelating agent in the
aqueous solution. It was previously thought that such a reduction in the chelating
agent concentration would lead to insufficient removal of catalyst metal ion from the
poly(arylene ether), but it was surprisingly discovered that the reduced chelating agent
concentrations both avoided the dispersion problem and adequately reduced the
concentration of catalyst metal ion in the isolated poly(arylene ether) resin.
Specifically, using the chelating agent in an amount of about 1.0 to about 1.5 moles
per mole of catalyst metal ion avoided dispersion formation while removing all but a-

few parts per million by weight of catalyst metal from the poly(arylene ether) resin.
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the solution; wherein the chelating agent and net al

ion are present in a nolar ratio of about 1.0 to about
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3 afqRatiG, frdrgsarben (At oh Cedirit 2liniiatig aé%%wbamaqwg?l o ethanol,

wl‘il’@ﬁ adeti 4N aﬁnéhtf E@v&{tg &t Ehes BOMAArYRNE ORth&h NI fget @(,chg aromatic
y(aryl ene ether) could not ‘readily be” separated

hYAfctC@fb%(ttéﬁs%@sr@lgﬂaﬁlehalc?hfé Frdsst mieﬂmgﬂ oF sethanol may be

cotbiR QY 81 Q0widaerahgé Bt dr8Porfibnd BlitSiPShay gd Pt the solvent
avoi ded by reducrng the concéntratio of c el ati ng

comyuise af lvastabontdR vigighd pexeenionf the Cosviars apameaticdyslrgearbon.

t hought that such a reduction in the chel ati ng agent

Aﬁmﬁ(‘%ﬂﬁhé&t lts% MRtblad BRG &Pt}ieﬂ%ﬁ%ﬂt&{tﬁﬁé of Mhop}dnc phenol
cat a

st netal ion fromthe poly(arylene ether),
anritthaéghyéus PhEaolipthe ajosasicdiydsp aoh‘@nr,eamaferred to achieve

a sﬁ&&&tueweag&@tl GRRGANHAEAQNSE RRh QYR otnlagntratlons and the
?em an g %gt e re@uce

di spersion prob
eaebtmbmdlas¢l@homwlscaslab§/gssocnetedl witlp bower mwmm@moat:@drahons In

t |
oL GRS iP5 A CHL BB g oo
usad i snpentsmnble thaeft tb@taiiwsﬁ thedotal wieight af dlEdmdnohydnc phenol and

T TCTRN
'cmridhy @alvyaherseab@uh Grl)l te about The: 1noWathyid this rqripentie ratid may be at
legsrt]%bgl h(¥ grll Gr %@? l about djf'f?r&b gtdlegs RbSut é 3' : abl Afso within this

range, the ratio may be up to about 0.4:1, or up to about 0.37:1, or up to about 0.34:1.

The method comprises oxidatively copolymerizing the monohydric phenol and the
dihydric phenol in an aromatic hydrocarbon solvent in the presence of a catalyst
comprising a metal ion and a nitrogen-containing ligand. In one embodiment, the
catalyst metal ion is selected from ions of copper, manganese, cobalt, iron, and
combinations thereof. In one embodiment, the catalyst metal ion comprises copper
ion. In one embodiment, the concentration of the catalyst metal ion may be such that
the ratio of total moles of monomer (i.e., moles of monohydric phenol plus moles of

dihydric phenol) to moles of catalyst metal ion may be about 100:1 to about 10,000:1.
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aromati ¢ hydrocarbon sol vents include, for exanple,
benzene, toluene, xylenes, and the |like, and

W@ o0oioemms? ons t hereof. In one enbodi ment, the BCDIBI00€046637
hydr ocar bon sol vent conprises toluene. In addition to
the aromati c hydrocarbon sol vent, the sol vent may,
optionally, further conprise a C3-C8 aliphatic al coho
that is a poor solvent for the poly(aryl ene ether),
such as, for exanple, n-propanol, isopropanol,
nbut anol , t-butanol, n- pentanol and the Iike and

Qi I ONns C8 aI t| C
VPR TR o105 e & Y GERSBRA 5 P BEHOSAS: 001, o
withirpthismpgé, thaddiiotrnaynbe op o AuEER08E QR Ipdo by@rtaqmtbnn

and a C3-C8 aliphatic al cohol, nethanol or ethanol,

it BUGRoRG, % Bt Toh B %@&;@&g@&g&&&%%@&g@ 2 nitrogen-
certaiphngt |lxgaadl coliie, ninokenh@®nrahingntibamd M@aH ahelude;afoﬂ)%xample

18 w,de r.ange of ortions, but it
al%?ﬂpéélg% Aigands, e p 5‘8}38% ?“OE‘E ‘?‘F%e segondatys tm%fﬁ’&m“)"/% tertiary
rrmﬂoayhinep,eafrmanhlcoholts hexifdes C&xx@@t oyatide; ahyl dhOTRE, AR combinations
ﬂ1 ough there is no particular limt on the

gﬁﬁ entrations of the nonohydric phenol and the

di hydric phenol in the aromatic hydrocarbon sol vent,
Suitable alpylehedinmine ligaadhiiohad cathbsd lanes etfogadlat he

i ncreased efficiency of higher nononer concentrations

and the easy-to-handl e i _?Qgigkfcosities associ at ed

with | ower nonomer concent¥ ati r‘ 2 n one enbodi ment,

t he nmonohydri c phenol, the dihydric phenol, and the
whereireR{ i aesubstithtec onmpavhstinged [divdlert tehidue atheveiaf twoher three

n nd t.he.di hyd

al} tédﬁl(:) cX‘EthH{& OIH§ &Hfthwg%?tdﬁl#kc ?cﬁ@%ﬁrg ! (ﬁ]atw r(?la.mbrh épgen atoms;
arydh eacli Ry ds mxiephmdr‘mltly lamhiogdmeos O \®nilkils Rbefbired aIlcylerfeﬂlamme

h@agim outt \%thl | t‘g%SRalr 223 gfngﬁyfﬁn E'fgﬁ E'}go)r o5t mmethylene

(Cé‘a@Hz@H@'l)I afd 26ach. RAI soindkepdiidentlyi 15/ dEGRBE ,isdPi6pylator Oa Cy-Cg
out, 0. 37:

about 0.
oI cRar oS "aptb, - ity Biestifec fvlgusciaspinga gy include
Naﬁpxmtybmylemyt@eﬂhmm@a@chmﬂ;w,mh@&a{neﬁmtltjlﬂlﬂlﬁu&bb&m
phenol |n an arormtl c hydrocar bon solvent in the
sj.<ng a netal . ion.and a
Slﬁl{at% ?eg en-cont 2 n| ng mc gp (;:%bb%é’“é’?%%d?lh%lﬂf“metshémh as, for

example, n-propylamine, 1-propylamme, n-butylamine, sec-butylamine, t-butylamine,

n-penylamine, n-hexylamine, cyclohexylamine, combinations comprising at least one
of the foregoing primary monoamines, and the like. A highly preferred primary

monoamine is n-butylamine.
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catal yst netal ion is selected fromions of copper,

manganese, cobalt, iron, and conbi nations thereof, hi
woep@7edisedi ment, the catal yst netal ion conpriBE&BUS2006/046637

copper ion. In one enbodi nent, the concentration of

the catalyst netal ion nmay be such that the ratio of

total noles of nononer (i.e., noles of nonohydric

phenol plus noles of dihydric phenol) to noles of

catal yst netal ion may be about 100:1 to about

10,000: 1. Wthin this range, the ratio may be at | east
St?igér?fée s %d;IP/ ﬂ?g@&nlghgﬁﬁ{cl osl,Jetco oK %{ %%or@%%g&ég ttaar{'lu?ﬁ)htel Sructure
(&M&IINH, oberein R° bnd B& Ghire: Bsmh lhdeﬁdmdenmt alC+@n alkyhgroup, with the

I c
pl%g 13" 3P rli Z tdl. Rﬂ Cétly Slt P n'pr :’i(?tgf 88 é‘ﬂurc %F‘QP‘.’(P ncga.rbon atoms.

rogencontal ni ng | gan
Ekargplnsl mfy seoaidacie, n‘i(nfoaﬁm&mm mllﬂbkydlﬁﬂpﬂip@m&ﬂe n-propyl-n-

.aand ' sec amn
oy BRI B AR ER RO sBn o Do peiB g el hexylamine,
arglthailitte, wﬂhdl-hkmltylamaemﬂ paféraRt | ons ther eof

Sui t abl e alkylenedlanlne Ilgands i ncl ude those havi ng

2N- Ra-.N 2 wherein Ra |
sbllbid WL AORRNER iNRI Gl BARORRIERY Wit e rstructure
(R")(Rf YOR BN veleereh wrmuucf andFFafe dhemdEpindehtlea d, C@l%%lkyl group,

o, P L o e
c@bd«ylamdi afﬁﬁ&ﬁlﬂlésg&ifd&rhw moﬁﬂﬁ%ﬁ Erﬂ:lﬂl&ﬂz‘ Qﬁe@}a}r?ne tri-n-

gpth | ene. ﬁ C@ﬁ -) or trinethylene (-
PrgR pdut H@H%de‘ﬂfm%hsﬂyuwg@ﬁnn%soémgwl-nmnsdmmne
di€thyl8- lt)ﬂﬁﬁlt{ee rtﬁby't&l(‘iheﬁlyi%\‘ﬁlngr %{pthé'"hﬂgl YinP5&Hif64, e clic tertiary
al k Ienedlan1ne 't gandS i ncl'ude
ar\inge,_Yeh @s pYFiging; plphaweHiding, gamapatpicoline,.and the like, can be used.
Hi¥hlN: Nrefbired Qéﬁﬁf?trﬁ%oa{mngs A gﬂﬁaﬁgnﬁ-buﬁ}lﬂntlﬁl@ eAddltlonal
pri mary monoam nes include C3-Cl2 Ky
PripRy, secondyy, andtgstiary amines gy¢ émcnbed in M SpPitant Nes. 3 306,874
and-3306/8 P 1@y, S€C- but yl ami ne, t-butyl am ne,
n penyl am ne,” n- hexyl am ne, cycl ohexyl ami ne,
nﬁhnatlons conprising at | east one of the foregoing
Fnealiohats Helude (6-¢ heantinralcolwlhhgving quesfitogadatom and
anﬂﬂédfﬁ;‘l Yx YR WS hS1eBst YA Gomdls e@'ﬂ e tRE glgnrﬂoaﬁﬁ/rogen and

monoam nes i ncl ude secondary nmonoam n avin
the alcghel gxygen. Examples of aminoalcohols include N,N- dlethylethanolarmne 4-

butanolamine, N-methyl-4-butanolamine, diethanolamine, triethanolamine, N-phenyl-
ethanolamine, and the like, and combinations comprising at least one of the foregoing
aminoalcohols. Highly preferred aminoalcohols include triethanolamine and N-

phenyl-ethanolamine.

Suitable oximes include benzoin oxime (2-Hydroxy-2-phenylacetophenone oxime), 2-

phenyl-2-hydroxybutan-3-one oxime, 2-salicyl-aldoxime, and combinations thereof.

Suitable oxines include those having the formula
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(Rc) (Rd)NH, wherein Rc and Rd are each independently a
C-G i alkyl group, with the proviso that Rc and Rd
waeeiozeetebwel y have a total of four to twel ve cBECDUS2006/046637
atons. Exanpl es of secondary nonoani nes i ncl ude
di - n- propyl am ne, n-propyl -nbutyl am ne,
di -n-bxi tyl am ne, d-t-butylam ne,
n- but yl - n- penyl am ne, di-n-hexylam ne, and the |ike,
wi th di-n-butyl am ne being preferred. Suitable
tertiary nonoam nes include tertiary nonoam nes havi ng
the structure (R XR XR N, wherein Re and Rf and Re are
each i ndependently a G - alt al kyIRgr oup, with the
provi so that Rc andg2Rf and Re co| lectiyely have a
total of four to eightee xppon~xtons. Exanpl es of
tertiary nonoam nes i ng am ne,
tri-npropylamne, tri-p
di met hyl - n- but yl amirde ] R@mMm ne,
di et hyl - n-butyl am ne, tricycl ohekyl am ne, and the
like. I'n addition, cyclic terti ay am nes, such as
pyridi ne, al pha-collidine, ganma-picoline, and the
whiéeth RE® BRe Us@dindd r d i a i :
mpnoam nes | nc%ﬁgénddélbﬁgte}hﬂgflﬁfdgﬁe& granﬁ)rr%}.l’ %dcff)ﬁlbr?é o, amino,
Cpleraikyl; oF feohe alkpxyhn dExampl¢saps oninen daclade odiewc Sihettlyloxine,
5-hRdidxPoxiRa} esthi 3,5398; ng_ VA C o
Sgi t ag?e g’m’ ﬂg‘ﬁ%ﬁ’ﬁ% s5 %ﬁiﬂ%uﬁ‘é? Cg-@itﬁg@ﬁﬁlﬁba c%ho, S fike, and
comRinafionsn eomprisingett lsasnermof dhe fbghile oxingen, Highly preferred
o [ Iﬁ"aﬁ’ . atons separate the am no
%ﬁ%ﬁ@ﬁl@tﬁﬁd t ggaﬁfég%ﬁggygen. Exanpl es of
am noal cohol s i nclude N, N-di et hyl et hanol anmi ne, 4-
Thgt alkyleapsigminey syl - primanansicanaminesdi sechodry amomamines,
arhinb&lc | 34 RE; 1.N and .t h K
e 2 CRinet R Ao E A el et T glf 0 01°Fs about 2
molgs @i Y mokésefanenttuidsic phiendll Thertertiary mbnoamines may be used at
1 i | nol.amn nd henyl -
D s g st A HR B A R 28R i e
(2: Hydroxy- 2- phenyl acet ophenone oxi ne), 2-
In 1 30 Hhelmastgh tnna And -t eitoogemecontaisiagi liganda titoxatalyst may,
orodai® NRdi-mat | t ] I yhnes include ..
pﬁ?oggﬁh avi %i@@ef%?‘?rﬁ?{al neéruecl51 ﬁﬁ@l%&%r LORRIe, OF Todide. When

cmpieegsk halide lopsmyalr byepplind ko teneadtictrmigire inithe form of an alkali

mé&H] &% or an alkaline earth metal salt at a concentration of about 0.1 mole to about

150 moles per 100 moles total of phenolic monomer.

In one embodiment, the nitrogen-containing ligand is selected from dibutylamine,
dimethylbutylamine, N,N’-di-t-butylethylenediamine, pyridine, and combinations
thereof. In one embodiment, the complex metal catalyst comprises copper ion, a
secondary alkylenediamine ligand, a secondary monoamine, and a tertiary
monoamine. In one embodiment, the complex metal catalyst comprises copper ion,

N,N’-di-t-butylethylenediamine, di-n-butylamine, and dimethyli-n-butylamine.

Various modes of addition of the monohydric phenol and the dihydric phenol to the
copolymerization mixture are possible. In one embodiment, all of the monohydric

phenol and all of the dihydric phenol are added to the reactor before initiating
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G -C alkyl, or G -Ce al koxyl. Exanples of oxines

i ncl ude oxi ne, 5-nethyl oxine, 5-hydroxyoxine,
WG2007061%9 ne, 5- am noxi ne, 2-nethyl oxi ne, and PCEUSI0kE€)46637

and conbi nati ons conprising at | east one of the

foregoing oxines. H ghly preferred oxines include

oxi ne and 5-net hyl oxi ne. The al kyl enedi am ne |i gands,

primary nonoan nes, secondary nonoani nes,

am noal cohol s, and oxi nes, when present, my be used

at about 0.01 to about 25 noles per 100 nol es of

PAPABEELS B Fhs TGt ot oTOREAM DB P 860 o e

reattno byfbre dnipiheng lpolymeriidon,i ad & @oktien BEtld miomdhgdrit phenol is

nitrogen- containing ligand, the.catal , .
o0, 8 PR PR R aco R et P ot gkt g molar raio of
mphd)lqrdiriéeplgéﬁod)rtbdclli_hy%lﬁc iphd;it)]dleis Wi ®Ipboyteeht mbéﬁ)@e initiating

i,0Ns . ied to the reactjon mxture in the
pqIgRRrigHoR, Wi hisengs thefatiogpaghe 3 It o7 & least about
1.matsal witkintthidtrafge; HCRHD mddyl B¥updlo #4dat20,dr bip'T8laBohtdl 0.

about 150 nol es per 100 noles total of phenolic

non r. hi.one enbodinent, the njtrogepn-cqntajning,
i SR $ruBRES-chi BOTISH GF Hif JIOMPHUC phenol and & povton of the
ditlydrid piibdnlt yreaatidea, toNhY redétod befiry lifithhg R RelAion, and the
[|4¥ ne, . and %grbLnatlons t hereof, _hi one enbodi nent,
refifin Br?SW tag mepohvdpigphepel andy Hisr fegeaindss pfethe; ghydre phenol are
adile@ @ (R iéactbk it IRRiaffE PElyiiidRton. 2 Secondary
nonoami ne, and a tertiary nonoam ne. |In one

enbodi nent., the, conpl ex tal catalyst cqnprises
Ing P ee'rmnﬁ"3 f,“e_Rg nAung tCPBB{Ty%eé‘lZﬁW% ng%i L35t temperature may be
mélintdindl bty hsdtit D0t STRENY Withiid ¥hi¥ | rafidd) IQhe Y@?hrc%iﬁig femperature

nodes of addition of the nonohydric phenol ana
mgy fhgdati leagthabmit 303G, e atdpait yabent AQPConAbdox vithin ¢hie range, the
sible hi_one enmpodi ment I t he monghydrj ¢ .
regﬁi"r?o%"i%e g Y ﬁeupg?%ﬁa?‘%cg%ﬁten%ﬁ ugrte %H%’éoéq G- t fferent
temparihaes hal Geaised bt differdd@ PrREY @ the addclbn. | N anot her
enbodi ment, all of the dihydric phenol is added to the

eagt or .before initjating pol ri.zation, and a ..

TR D TSRS AParTE dSRekbrn Fietomenudins tifodentities of the
momﬁguﬁlomddesﬂiihyerié pr'hteﬂldit 'rlt]lmgsqaod:mﬂﬂfei t.b@%li rﬁgl_;lc;]rﬁgkcboﬁo@ﬁtfraﬁon, the
e ar atl o .NMonNno rc eno o dal rc .
clghsn Ty ind BitfonB R A Bt o oprap e, S iong embodiment,

polymerization reaction times are about 0.5 to about 5 hours.

In one embodiment, during copolymerization, an oxygen flow of about 0.1 to about 3
moles O, per hour per total moles of monohydric phenol and dihydric phenol may be
maintained. Within this range, the oxygen flow may be at least about 0.3 moles O,
per hour per total moles of monohydric phenol and dihydric phenol, or at least about
0.5 moles Oy per hour per total moles of monohydric phenol and dihydric phenol.
Also within this range, the oxygen flow may be up to about 2 moles O, per hour per
total moles of monohydric phenol and dihydric phenol, or up to about 1 moles O, per

hour per total moles of monohydric phenol and dihydric phenol.

In one embodiment, the copolymerization catalyst may be present in a concentration

such that the catalyst metal ion is present at a concentration of about 0.0001 to about
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pol ynerization. Wthin this range, the ratio may be at

| east about 0.5, or at |east about 1. Also within this
w0 angee7ebhe rati o may be up to about 20, or upP€DUSIMO&046637

10. In another enbodi nent, a portion of the nonohydric

phenol and a portion of the di hydric phenol are added

to the reactor before initiating polynerization, and

t he renmai nder of the nonohydric phenol and the

remai nder of the dihydric phenol are added to the

reactor after initiating pol ymeri zation. In one

L Iren riz reacti o v s

03B! by FaRRPREy Ren St OBOFE Bhga, wimin wis
raBQEEJthe \Ghtakysh nhdtalswhattgreﬁnt‘rd\tbnrﬁaytbew leastpidioat 01080Pakoles per

e ut r..at Least about . 400C. AlSs
tofaf nfes GEmendals phenet skl aiBlaste Sisnelecd i@t 0ps motes
per @ot&bﬁh@tes?@%no‘h&dﬁ@ph&o@ﬁﬂdiHﬁ?@ﬁ@ph@hcflf @[l&f‘ivlthm ﬂ’llS range, the
eratures may be used at different stages of
C#ﬁ%tfi‘%‘ﬁl 1ofNEONSERAHAN 18Y DS PR Eaakew - 9@%@1%?51 Perdéf?é mples of

m@ﬁo}{yﬂeﬂc%énél%hltﬁhflﬂ'ict fenbd %f‘ tuh td 880 R70.60°mMBRIYRY HtdiGnoles of

and di hydric pheno the solvent, the total nonomner

merpiydricohenpeinand dibyere ahgaal. t%aaﬂmstmmﬁ mpay dlebe specified
in8Bfnd BLHOVEER LABCENLIA LA st Eéhﬁ@xgerﬁm@émzm mer. "léhus in

polymerization reaction ti S are about to a
ongogfpodiment rfhe antin @f feist mader pHgatabpbmetal rlpz,anitmig9n~aqntalnlng

ligkh9&hd fhlaﬁéfé @(fn ﬁp%&l fhofest O ﬂBﬁHfé ncﬁ‘rcngilﬁﬁb 1 Hgf hﬁﬂ'ﬂ:r phenol is

per total noles of nDnohydric )
fmﬁﬁéﬂ895ﬁhﬁﬂbéoﬁhintained Wthin this range, the
oxygen flow may be at |east about 0.3 noles O per hour

Tllkefnehﬁidaxlnam%ncgn obiyd rr‘aﬁglﬂ@% 19196&%9%9&1& %o commercial

phenol , or | east out 0.5 nobles O per hour per
prf’é'f%iionnﬁi:aég oﬂn rmmwy@pid@ngﬁe mesthedh dmay Bedrive grhenbhtch scale

fid M k S0
SR 70 8 KO BLBER Jf B BHREAR I ine
ethdtdnol and di hydric phenol, or up to about 1 noles Q2

per hour per total noles of nmonohydri ¢ phenol and

THErOWHJ FarRBRRCTlimit dh @RSy RG] 'aglsxlﬂ%secl:l as Iong is it is effective

copol yneri zation catal yst may be sent
to seeastar the casalystumptal o atithe spreifid comtrationi dn ang embodiment,

Qr&%ﬁﬁ‘fh&a{%f Ge rk%?é%{é'daﬁjo fygs O#H Xgﬁqu(]i‘er ItpglyCﬁ.ré)oxyhc acids,

abou es per pota
anyngp@wp}rb¢x)dlcpa%¢m|am1anrquyt1h|aglds polycarboxyhc a01ds alkali metal

salts of the foregoing acids, alkaline earth metal salts of the foregoing acids, mixed
alkali metal-alkaline earth metal salts of the foregoing acids, and combinations
thereof. In one embodiment, the chelating agent is selected from nitrilotriacetic acid,
ethylenediaminetetraacetic acid, alkali metal salts of the foregoing acids, alkaline
earth metal salts of the foregoing acids, mixed alkali metal-alkaline earth metal salts
of the foregoing acids, and mixtures thereof. In one embodiment, the chelating agent

comprises nitrilotriacetic acid or an alkali metal salt of nitrilotriacetic acid.

The chelating agent and metal ion are present in a molar ratio of about 1.0 to about
1.5. Within this range, the molar ratio may be at least about 1.03, or at least about 1.1,
or at least about 1.15. Also within this range, the molar ratio may be up to about 1.4,

or up to about 1.3.
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range, the catalyst netal ion concentration nmay be at

| east about 0.0002 noles per total noles of nonohydric
w@b@nob7éend di hydric phenol, or at | east aboutPOT/0803856/046637

nol es per total noles of nonohydric phenol and

di hydric phenol. Also within this range, the catalyst

nmetal ion concentration nmay be up to about 0.005 nvoles

per total noles of nonohydric phenol and dihydric

phenol, or up to about 0.002 noles per total noles of

nmonohydri c phenol and di hydric phenol. The" catalyst

0 b fi,ed,i
In%'ne):I e?r)nl%ﬂqp oat \?.'h 2 c{qgﬁﬁgﬁbnal Ijr)f)) (}ﬁawﬁene hﬁirg Pélpﬁm)no re. contacted
witln usa aqueons) soletito df ms:hbl,anhg agemtis conductat @l a renipesatofe of about

cat S nitro en containin i nd, .and___
3014 ét %ﬁ@‘mﬁww Hogecth B TR BMRIFR bﬁﬁgf?aﬁt akoyt S0°C, or at
leéyt I'b)bg{ﬂ 60*&‘ e&o}u Tedst3dMut 63°805r LP 1&9@%019 RecThRiso within this
be run on any sScale, ranging from
rahgd)dueattempprmlma}theummwmmut 85°(prard1pctb|abnuls8ﬂibe I n

one enbodi nent, met hod may be run on a batch scal e

Tlf% éfees&{&o p\S}ﬁg g, n a r%&)ne te}l%g qg) no %ghag Q%Bgr%lo% during the
chpla:tmncstﬁmmay |bmm1n0mzhh af thppeu@bf ﬁkaepcﬂyfumgtxa:gaé mbly(m@rlhne ether)

ff h I
<o Bl b o Bl i SrRT Bl 4 BB 1o abous
1.@nbdihie mhis rtahge, ahelrafio mgayagemt legst abb@Cc0gd ot rabreast about 0.9.

AR 3%, B B o OirpPRioh” BRar o J I PRinAn o polyfunctional

dhﬂhpﬁa{do@:hyr})lsmmhdﬁscoaity aFiabs®I b 16 abbst 1000 bentipoise. Within
foregoing acids, alkaline eart metal salts of the
thisofaDge: A Xsremty WXZEF at feast ahtaP CSPRB‘P‘F?re%é? t“ﬁ’St about 10

ceﬂﬁf)éﬂse s allscwithin' A& 858 ARE Mkcadityia ?/%E GpGeHBbied, 000 Eentipoise,
thereof. I n one enbodiment, the c ati n% agent is
1

orqy gbglgaltfspgnqeﬁpp%sp ot/}qoé]égtw@y gbmmmlze spersion formation is to
m&hih ANRRicAST RRL ﬁ&lﬂ/ﬁﬁféﬁbhﬂ ﬁ&&@ryl@ﬁé‘ %hierfr%lﬁhoﬁ' &U1§c%s@}f' to the

t he foregoi ng acids kal i ne” earth netal

aqpsw&m%@«wss&sﬁym&@?\&|Q<%.|t<r abept21,000. kémﬂwe "éﬁ*r ltange the ratio
Q%B@lat faliabodf she tf19:58? nglﬂgl ACA RS witindl tH?s)i”Eh%ee ¥he ratio may be

ereof. In one enbodi nent, the chelating a
um‘@rﬁbpﬂt;%goﬂlqrrqpltgtabmatcﬁq ¢ acid or an al kall met al
salt of nitrilotriacetic acid.

Yet another way to minimize dispersion formation is to mix with the lowest effective
energy during the copolymerization and chelation steps. Thus, in one embodiment,
oxidatively copolymerizing the monohydric phenol and the dihydric phenol comprises
agitating with a mixing energy of about 10 to about 150 kilojoules per kilogram total
of the monohydric phenol, the dihydric phenol, the solvent, and the catalyst. Within
this range, the mixing energy may be at least about 30 kilojoules per kilogram, or at
least 50 kilojoules per kilogram. Also within this range, the mixing energy may be up
to about 130 kilojoules per kilogram, or up to 110 kilojoules per kilogram. In another
embodiment, contacting the polyfunctional poly(arylene ether) solution with the
aqueous chelating agent solution comprises agitating the polyfunctional poly(arylene
ether) solution with the aqueous solution with a mixing energy of about 0.5 to about
25 kilojoules per kilogram total of the polyfunctional poly(arylene ether) solution and
the aqueous solution. Within this range, the mixing energy may be at least about 1
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The chel ating agent and netal ion are present in a
nolar ratio of about 1.0 to about 1.5. Wthin this
WO 20gle6766he nol ar ratio may be at | east about HRCDBES2006/046637
at |least about 1.1, or at |east about 1.15. Also
within this range, the nolar ratio may be up to about
1.4, or up to about 1.3.1n one enbodi nent, the
pol yfunctional poly(arylene ether) solution nay be
contacted wth the aqueous solution of a chelating
agent is conducted at a tenperature of about 30 to

klP(QQHlte p%@ﬁﬂo%i%rﬂ%&@a%rf §§lﬂ§£ E?Sepae%g(ﬁ?er al Uh¥ s& %}Plnﬁhls range,

| east ab
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kiidg{,&]eggggﬁ og%%g t enperature may be up to about 85C, or

C. The present inventors have
determ ned that formati on of a dispersion during the
Isqmiecgitatien imthe chelatiom step 2ededesairine effddtivelyfcontiget that step,

a sol ut.ion density to
it RISt R oRfteldr o TRy Hhel Shlnimtasi s Agmision: In one
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etknerb )sblumohl\oiu}mlthé adycoas ¥okiiien gbhabhdut Pt hb AR I\Q'OSxﬁﬁ‘ﬁlltésy Within
5 to about 3,000 centipoise. Wthi
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mﬁmtftsl ols6 evithan tiab rir%@sﬁheﬁgﬂblﬁorﬂ-@m@%iﬂ POLS Qboﬁlﬁ)%mutes or up
to\%”b thls range, the viscosity may "be up to abo

Y PYi se, or up to about 500 centi poi se.
Anot her way to minimze dispersion formation is to

Chrdativraand asep@ration @hn theeimgrloyEd st idind @l fiérﬁfdy be @ﬁntatlon less
con%acgr it ol u# i.on Vi sco(a éaglt o the aqueous solutio
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agemtldlh eThad, 1if ofBY¥nibadhedtCasiitad Lﬁ\e ol ncﬁfon%leﬁtﬁg(arylene

10. Also within this range, the ratio may
eﬂ%%) 3‘5‘8&?‘1 Mifpan agpeqys sphitigbfta godatingeagenh comerisascagitating the

polgfihéticial dpsResSicRl ERlePRtddRid &Jﬁhmtﬁ? W né; eoRxs SOlrl]ltlon, and

owest effective energy during the copo zati o
SUbSFIUERLY laaving the aelyfundtigsal pwymeemﬁmmmon and the aqueous

soRiofldh |cM§ﬂa¥t \QRH@&tVa%ﬁEﬂlgﬂ R abO&: TRIMNESD Ch nﬁhﬂ%n ﬂrﬁs range,

t he .di hydrjc phenol” conprises agitating w
%H%‘P%ﬁ/ peli o lespcentacioast bd B0 1dast atjomtiMdmupe ror at least about 8

holéts. ORIs8Wiahahis range, the period of agitation-less contact may be up to about
20 hours.

Yet other ways to minimize the chance of dispersion formation during the chelation
step include adding solvent to the polyfunctional poly(arylene ether) solution prior to
contacting the polyfunctional poly(arylene ether) solution with the chelating agent
aqueous solution; adding water to the mixture of the polyfunctional poly(arylene
ether) solution and the chelating agent aqueous solution; using a chelating agent
concentration of about 0.01 to about 0.1 weight percent based on the total weight of
the polyfunctional poly(arylene ether) solution and the aqueous solution of the
chelating agent; and using a chelating agent concentration of about 0.5 to about 40

weight percent based on the total weight of the aqueous solution of the chelating
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of the nmonohydric phenol, the dihydric phenol, the
solvent, and the catalyst. Wthin this range, the
woreoorngreener gy may be at | east about 30 kil o] ORCBEESIHE6/046637
kil ogram or at |east 50 kil ojoules per kilogram Al so
within this range, the m xing energy may be up to
about 130 kil ojoules per kilogram or up to 110
kil oj oul es per kilogram |n another enbodi nent,
contacting the polyfunctional poly(arylene ether)
solution wth the aqueous chel ati ng agent sol ution
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t he pol yfunctional poly(aryl enée ether ution
wined didme syapasation.i 8ake mvapdretion,s and qbnumati@@s wif niiee foregoing
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' W . Chel at.
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aqueous sol ution of a chel ating agent conpri ses

d%?gFtF‘éP‘F’r%a’i“he pol yfunctional pol y(aryl ene et her)
solution with the aqueous sol ution, and subsequently

Elanthongh itheilizet ydwi mxelsocstadhenﬁhg ngéﬁ/tl 1an&hb& 9 effective to reduce
sol ution and the aqueou

the concentration of catalys metal in the isolated polyfunctional poly(arylene ether).

Thus, in one embodiment, the isolated polyfunctional poly(arylene ether) has a

concentration of catalyst metal of about 2 to about 5 parts per million by weight.

One embodiment is a poly(arylene ether) copolymer prepared by a method,
comprising: oxidatively copolymerizing 2,6-dimethyphenol and 2,2-bis(3,5-dimethyl-
4-hydroxyphenyl)propane in toluene in the presence of a catalyst comprising copper
ion and a nitrogen-containing ligand to form a solution comprising a bifunctional
poly(arylene ether) having an intrinsic viscosity of about 0.04 to about 0.15 deciliter
per gram at 25°C in chloroform; and contacting the bifunctional poly(arylene ether)
solution with an aqueous solution of nitrilotriacetic acid trisodium salt to extract the

copper ion from the solution; wherein the nitrilotriacetic acid trisodium salt and
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solution in contact wthout agitation for about 1 to

about 30 hours. Wthin this range, the period of
wa@giovaticon- | ess contact nmay be at | east about BECTIUS2086/046637

or at |east about 8 hours. Also within this range, the

period of agitation-less contact nmay be up to about 20

hours. Yet other ways to minimze the chance of

di spersion formation during the chelation step include
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Examples 1-4 represent preparations of bifunctional poly(arylene ether)s having
intrinsic viscosities of about 0.12, about 0.09, and about 0.06 deciliter per gram.
These examples also illustrate the effect of copolymerization conditions on the
molecular weight distribution of the poly(arylene ether) copolymer. The examples
also demonstrate the effect of chelating agent concentration on the separation or
emulsification of the combined poly(arylene ether) solution and the aqueous chelating

agent solution.

For each example, a monomer solution was prepared using the amounts of 2,6-xylenol

(2,6-dimethylphenol), 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane

(“tetramethylbisphenol A” or “TMBPA”), and toluene specified in Table 1. The
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pol yfunctional poly(arylene ether) may have an
intrinsic viscosity of about 0.04 to about 0.15
waoele@losteey per gram at 25C in chl orof orm W t hP@T/UKB2086/046637
range, the intrinsic viscosity may be at |east about
0.06 deciliter per gram Also within this range, the
intrinsic viscosity may be up to about 0.12 deciliter
per gram or up to about 0.09 deciliter per gram Even
though it utilizes lowlevels of chelating agent, the
method is effective to reduce the concentration of
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di et hyl - 4- hydr oxyphenyl ) pr opane, %1 11
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74%G. Cagtéﬂ ¢ivechotir, Ma agialladangile atrasakzawive'aofot Qi UhspR006n. The
samp{e g ou}:’,xarnpfe 1 had emulsified. Samples from Examples 2-4 initially had

clearly separated aqueous and organic layers. (For Example 1, additional portions of
Na;NTA solution and toluene were added simultaneously and the mixture was
agitated at 74°C for 15 minutes. For Example 2, additional Na;NTA solution was
added and the mixture was agitated at 74°C for 15 minutes. For Example 4, two
additional portions of NasNTA solution were added, with emulsification occurring
after the third addition of NasNTA solution; addition of more toluene resulted in layer
separation.) The mixture was then left at 74°C for about 12 hours without any
agitation. The dense (aqueous) phase was drawn off, and a small sample of the light

phase was removed for analysis of copper content. All four examples exhibited
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about 120 m nutes, with a m xing energy of about 5 to

about 15 kil ojoul es per kilogramtotal of the
whedoanetsbonal pol y(aryl ene ether) sol uti on andPeTES2006/046637

aqueous sol ution; wherein said contacting the

bi functional poly(arylene ether) solution with an

aqueous solution of nitrilotriacetic acid trisodium

salt conprises maintaining a ratio of a bifunctiona

pol y(aryl ene ether) solution viscosity to an aqueous

solution viscosity of about 5 to about 500; and
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foll owed by catal yst conponents di butylam ne ("DBA"),
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OH

CH,

wherein the wavy line represents a bond to the remainder of the copolymer chain.
“Incorporated biphenyl (wt%)” is the weight percent of internal groups derived from
3,3°,5,5’-tetramethyl-4,4’-biphenol and having the structure
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di net hyl butyl am ne ("DVBA"), a previously bl ended
"diam ne mx" of N N - dibutyl ethyl enedi am ne
W@ 202BEW69 and di decyl dinmethyl anmoni um chl or PABUS2006/046637
("PTA") and toluene, and a previously blended m xture
of cuprous oxide ("Cu20') and aqueous hydrogen brom de
("HBr"). At reaction tinme zero, the oxygen flow rate
was initiated and ranped up to 3.40 standard cubic
nmeters per hour (SCVH) in 0.28 SCWVH i ncrenents, making
sure that the headspace oxygen concentrati on never
exceeded 13% Afte{r 65 mnutes, the reagtion m xture
was heated so as toyattain a tenperatuye of 49C at 80
m nutes. After the ")end me" listed in
Table 1, the oxyge \ eased to mai ntain a
headspacewoayger—e i
30 minutes after de Iow a sanple
of the reaction m xtx , ) anal yze
intrinsic viscosit percent sol i ds, h‘droxyl cont ent,
residual 2,6-xylenol, and residual TMBPA. The reaction
t enperature was i ncreased to 600C, and the reaction
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sanple from Exanple 1 had emnul sified. Sanples from
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and organic layeNs. (For Exanple 1, addi ¢/ ona
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si mul t aneously agd t he aglta ed at 74C for

15 m nutesnOfse ¥ Tl & 3 i on

was added and t h&m , q i T\ / 15

m nut es. For ) iti

NTA sol ution werg added vvlth erruIS|f|ca i on occurring

after the third‘addition OFNa NTA sol utio ; addition

of nore toluene resulted in |ayer separation.) The
winirginithe twia svaviydines eépresdnt bésds o thakerdhindér HOMETopolymer chain.

t b4
T%H:%P TRBPA” is the mole percent of TMBPA incorporated as terminal
(monovalent) units in the copolymer, based on the total moles of “internal TMBPA”

and “terminal TMBPA”. A terminal TMBPA unit has the structure

wherein the wavy line represents a bond to the remainder of the copolymer chain.

“Functionality” was determined as follows. 'H NMR chemical shift values for
terminal and internal units are presented in Table 1. Integrated "H NMR peak
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agitation. The dense (aqueous) phase was drawn off,

and a small sanple of the |light phase was renoved for
war@lpeicsd of copper content. Al four exanpl esSPCT/US2006/046637

exhi bi tedcopper levels less than 3.5 parts per

mllion. (When the copper content exceeds 5 parts per

mllion by weight, the NTA addition and equilibration

step may be repeated with 15 minutes agitation and 2

hours wi thout agitation.) The light (organic,

pol y(aryl ene ether)- contalnlng) phase was transferred

to a drum Heﬁgo* meriz t|o dltlons !

<

ARl T 2Braghs) Spleratitip, ths, peak, were
detbhrained §br ﬁ@sowmelssomawbm@ tootiad followinagi enminal groups:

dure that cgnsisted o eva i 0 -

tefipira. Sasnolls teSAuRR ST digmng b-oieRyiftig i CPPE-OH in

Tﬁl@pﬂ tﬂe?ﬁ\md!f;@ﬁ@mmﬁ résidifé@ldemed\/\&bm a‘aanm UG‘(MBPA-OH in
sed on 1H N Functionality", "I ncor

T‘B&But Yhaniermin Whe""'l'%cdi?ﬁ%?ﬂ?ceet? b CRHERPPNE ° I terminal
dlbhﬂﬂﬁhnﬂi sub&itotddpHanolicageolipe rdarivald TMﬁ?Az(mdin%thylphenol

ang oS i (EREDEKGIAY e Bie o), SoR Herginal 2,6-

diffRBYPRRhYE SeSs C(anEStalﬂngU'bble/ 19f |Suﬁlﬁéﬂy fmebwtea peak
nol ecul es having a term

f}y rotX% grou&& e rk ere
angash dNermalizeds fofc the rd? PrownR-BFPeEd p aK, w
déEiePthindd ToN feddhdfced %oh*é@pbﬁdﬂi@i thQhéeﬂ@uloWing internal groups:

2 Gyl A heniente alabh s it BN ne-gimpthylohenol
( Pﬁ'Eghfn qfabffﬁql Wivdlent! odwtdeﬂm p@m@sh vt@isgmebmemyu -4.4-
en ene e er ve a | a 0]
btphsnél mpn?eykmg iﬁﬁfé ﬁ'3 ﬂééydrwn%'tr amﬁ%gfé?ﬂ"&dz?mhﬁ MBPA
(vmsm rETabRA¢). Notd h@atcanaebu@ible eiga.bnwasldtswm@m fgredivalent

phenyl (wt % t he t. of t I
u@ﬁ) Gggséagq(apqug tplr(iq;»}.utylamme—subg’((?tru%s:ed1 phgno ic. g?c;un;?s derived from

2 3-diméth§iphlefbl amet DA ‘ba‘ﬂaIF/Qﬂ pireRIDERd ihadbg HheSimilarly, a

structurewherein the wav i nes represent bonds to

negligibigdrignakwas obsgpeid) Il meRayaien H@"%\EP@’I%PP%?'&‘SHPqe"“‘“a'

gﬁfup§ G%ﬁb@@rﬁé#ﬂ%wsntétramétr@ﬂ&&ﬂ b?ﬁhéﬂitﬁ l'!'-He-'@l|funct|onallty is
yner. "lInternal TNMBPA ( ql%

cweu%t r'@lént@ fNBP%U"h@érﬁ%F‘a?'&fdaé) “for Sl terminal

pl(\é’hdlf& ﬁégana"rféegaméw dWidi’h@ by e sl @pmlrmﬁted krskdareas for
on the total noles of "internal TMBPA' and "term nal

afrmna' I&SONANEeSthenNBBRIPIING DY t he structure

Table 1

'H NMR

Chemical
Component Number | Formula {Shift Integral

Internal Terminal Protons | Weight |Region (ppm)

PPE 2 120 6.63 - 6.36
TMBPA 4 282 6.98 - 6.85
Biphenyl 4 240 7.38 -7.28
PPE-OH 2 121 6.36 - 6.24
PPE-Tail 3 121 7.28 - 6.98
PPE-DBA-OH 2 248 | 3.40-3.28
TMBPA-OH 2 283 6.84 - 6.75
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wherein the two wavy lines represent bonds to the
remai nder of the copolyner chain. "Term nal TMBPA" is
wo b@7nowieed per cent of TMBPA i ncor porated as terPETEHE2006/046637
(rmonoval ent) units in the copol yner, based on the
total noles of "internal TMBPA' and "term nal TMBPA'.
A term nal TMBPA unit has the structure wherein the
wavy |line represents a bond to the remai nder of the
copol ymer chain. "Functionality" was determ ned as
follows. 1H NVR chem cal shift values for term nal and

ted Ta | nt {
TR Ry, Hbaie QDT Rel aBR of eiowst 516 Pgtarized pea
arge rfer ga¢n glteﬂnel pixh kermialegrdap evas Redtiplizd be s fanesls weight (in

BB AR R S Bl b s HR o srowp. e
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enol i c £ esi.dues der | from TVBPA (" TMBPA-OH in

| B | Of et nigrmpR nB nolice JE3PA13PES  CUFISBOHHAG| (Y terminal

dlbommnkrmbst&uwdtpﬂeamla Sréupdetilvd %npﬁmhie‘ﬁuﬁ{ﬂ%ﬁgﬁ and DBA
elrl % om 2, 6-di net hyl phenol and DBA cat al

TSl R By Thepmim PF the ANTUliemeiubisd . arcas for all internal

arﬂi f@ﬁlliﬂdl Rehyd. o %Qsca(éhﬂ:t’f%nt #hd forhflud %@t?ﬁ P grea for units

Sim|arly, |ntgq%rated peak areas, normali
CORHBEE Bromomtes dibpriaming nfgbﬂ*ﬁél prealkforxmllae “@ahé rafi 248d atomic
h&Y uliRSBPARBEutYRHA
mgroup;s , 6-di rrtgt hyll 5'@%]&&1%&1%? e et p#ﬂgdé%hrg%ggb Ve
from2, i met hyl phenol ("PPE" in Table 1), divalent

“Tgrapet ‘Hjeng}’é’By ﬁ%@é_ a5, Smilady rephetatpd by, dividing the formula-
whighivansdak(arh Foeitéma Tﬂ%&ﬁ)@kegrgb s AOG ﬁaineﬂb ,E,rs" YiSramethyl-

%g] ed from TVBPA PA" in ablel
4 Em\f’ﬁp‘bh By dheysum ghdhe tfg@alsl@rdV%Irte@mak @maSufﬂrtaél mtemal and
teﬁﬁfdagg,q,qggl ng to di butyl am ne-substituted phenolic
groups derived from 2, 6-di nmet hyl phenol and DBA
..catal "PPE-DBA" in Table 1). Simlarly, a
Integnal éﬁ%ﬁ%"‘sﬁaﬂhﬁ) Vas etlseated Dy dividing @Wn@mahznﬁi tpsak area for

€Al CERIETA NehidsOb I €feal!
1n3 Al CERBEA N mst}t Ql'iénsﬁﬂl ogrtﬁ’é'gﬁgﬂﬁ'iie\’i S‘?alij(n%g}aso for mtternal and

teyrainal IMBR Acunity, %wnlmjy,t Werrmmi GMBBAn&hol2ex wmk:alculated by
didRRS thd hofthhlidaAr ﬁ@aﬂallrea for terminal TMBPA units by the sum of the

normalized peak areas for internal and terminal TMBPA units.

A detailed analysis of molecular weight distribution was conducted by gel permeation
chromatography (GPC). The chromatographic system consists of an Agilent Series
1100 system, including isocratic pump, autosampler, thermostatted column
compartment, and multi-wavelength detector. The elution solvent was chloroform
with 50 parts per million by weight of di-n-butylamine. Sample solutions were
prepared by dissolving 0.01 gram of sample in 20 milliliters chloroform with toluene
(0.25 milliliter per liter) as an internal marker. The sample solutions were filtered
through a Gelman 0.45 micrometer syringe filter before GPC analysis; no additional
sample preparation was performed. The injection volume was 50 microliters and the
eluent flow rate was set at 1 milliliter/minute. Two Polymer Laboratories GPC

columns (Phenogél 5 micron linear(2), 300 x 7.80 millimeters) connected in series
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phenol i ¢ resonances, then dividing by the sum of
nornmal i zed peak areas for all term nal resonances,
W b@n/oenshe i pl ying by 2. Table 1"l ncorporated PCT/US2006/046637
di butylamne (wt% " was cal cul ated as follows. The
normal i zed peak area for each internal and term nal
group was nultiplied by its fornula weight (in atomc
mass units) to give a fornul a-wei ghted peak area for
each group. The "incorporated dibutylamne (W% " was
cal cul ated by adding the forrrul a-wei ght ed peak areas

wérg SE&]% i g&%}e{{ﬁ* BP ﬁneoL fl ts’ﬂ?aggt%ﬁt‘i:or (}V%%Ql%n%lhn\gas set at 280

ferm nar am ne-su oM gt
nademr:mad "ﬂ"ho ﬂa@, Gerti avghgd ah@pndcees’ed usiBg Agﬂaity@lhcmSthﬂdm with

th%r %(ﬁﬂ a%?{%lfsgsfr%) : he | a el %E}\ cﬂ(ftggutxon Tesalts were
calibiacud| with ‘P’mysb‘ﬂﬁlﬂ‘ Slﬁriﬂﬂrcﬂ»“ V\Hilegﬁkﬂds meakp&feaavifﬂwut WA trrection

cont gi.nj i [ por at m IS, based on a
s P Bfmndt Ry SHC RS R LA B bR M dia Byt e
di but yl am no-substituted phenyl ene ether group
Thitesqrolyracr simples Wd:xﬁcmpmtéil &ﬂo bingivedyal dopbPiner Wasctions via a

bt Ghisto #C whehg Sheribraf B2yutd RrchisvtProrhe HPLC
syﬁim& whs an- Agillérﬁl'ﬂiixﬁw 1104, s%rstebi Aheiaingbyaculi® epasek, §lernary
f or mul a- We:l ht.ed peaks(?re s for all interpal and

pumn, ,ﬁuﬁgpmé) U rmﬂptﬁ{t 59 uanmpmp% and, g diode array detector.

ﬂmade@uﬁaﬁhg tobymfliwdsth NS0 tHBIIMSlcFIbAZ BY 406 akillah&er fider dlameter
In%]aé & TMBPA unjts by the sum of the normalized

Sichtusmmdhe drgcian wrvRenetvepa 2§Anpgometers. the njection
ifie | akey, wakerm mgkrolBEA ol 4" s‘éﬁx%lé:aksﬁUeﬁﬁ%s/oBrp)’was 20

?Il vi di ng._the nornalized peak area for term nal

milligramsinyilliliter 4y r’f?%?hyﬂﬁ‘éfuﬁ@r tdHE 34 Nyeaqtdlaﬂ@%lssamle preparation
wdsrﬁe%ﬁ%d aﬁﬁ’e Ie%él'ﬁ‘neﬂ égl\ﬁp \%' %&@1 %?aaﬁ%ﬁé}yai}gé of the

nol ecul ar wel g Stl‘l UtIO

ehpf@f Hauid; mmsrtmmasdgqtqbnym@@ betwwen @tqmusdgtealpn |Tcable 2 the
ehfhpl @cm'lg@ﬁﬁbrf‘t §h291fge&‘n hﬁgé.rif mI'h§e ﬁcﬁ%d%&l? hpea@t ﬁ{nt tPe resulting

i ncl udi gl socratic unmp, aut osa er nos
cheanatagragowpee idemtified laasdd nnlmasswawafaé dgtalobtiehat from. thd keupling

ofeﬁpf_bogné (He}égt%e \{\@’ﬁz&m a&lgsrpﬁ]enc pressure chemical ionization-mass

spectrometry (APCI-MS). For peak quantitation, the integrated areas from
components containing an equal number of phenyl groups (“aromatic ring moieties™)
were summed and their area was calculated relative to the total integrated area. In
Table 4, “Cumulative weight percent up to 17 aromatic ring moieties (wt%)”
represents the weight percent of the sample containing molecules having 17 or fewer
aromatic rings. “Highest no. of aromatic ring moieties in the 10 weight percent of the
sample corresponding to the lowest molecular weight” represents the highest number
of aromatic ring moieties per chain in the molecular weight fraction corresponding to

the 10 weight percent of the sample having the lowest molecular weight.

Table 2

Time H>0 (%) MeOH THF (%)
(min) (%)

0 50 50 0

2 50 50 0

28



with 50 parts per mllion by weight of
di - n-butyl am ne. Sanpl e sol utions were prepared by
waele@3nsisng 0. 01 gram of sanple in 20 mllilitBCHUS2006/046637

chloroformw th toluene (0.25 milliliter per liter) as

an internal marker. The sanple solutions were filtered
through a Gelman 0.45 mcroneter syringe filter before
GPC anal ysis; no additional sanple preparation was
performed. The injection volunme was 50 microliters and
the eluent flowrate was set at 1 mlliliter/ m nute.

e L:f’l yrer—tabgratortes-6PC—<eol unms ( Phenogel 5

32 or g L i-rear(i2 0 200 %19 80 | i meters) connected in
13200 d Ner e %W)f the sanple. The
15Q6t ag on vavel®nat h was 1€ 280 nanoneters. The
16Qat a 5%(1 and I1pm*pquri usi ng Agil ent

168h 58t i on Wi d data anal ysi's

software. The nol ecul ar vvei ght distribution results

Thr@l:rrggxfl?eﬂl m&%&ﬁ%%c&rﬁ) ¥{1ehé& é&@@%ﬁ.}dﬁ) cgltfteentratlons in the

re re 6ut any correction as
copd\hder bgsu@P@éreadnﬂeﬁrmcc( AM@as tefardERtd griaphyT adithea massheectrometer

oo LRI S, RGBS o

Aglat sssm:@la m@e@ﬂmpedxzﬁbon i sotpcn', podel quﬁkielnellll‘t_mass analyzer.

A g‘ﬁ E«f}hn{n&vﬁg ggg gﬁ?gq gg:rglfﬁ §e§ ﬁln o e fitgrqln%gﬁﬁ @iameter, 1

mitfsy ﬁmmth&@s)iﬁhsl iSed eTpaitorine i @a’pdrzmods oGample sylutions were

preIiGL By diSWIIRE) L AbEr PSPPI iraD IR shiorifoty, Sample
sombuma/eret ingectiel ifed GOuniiy 8pIegh fnotes TABGnleateniRta@mS. was set at
The i"gﬂxecu on vol unme used was 2 mcroljters

280Hpp | Ehe GfceYRny lEMpSFRtWEWaramned; f@?larf‘é/% fq %qugeqi {0zC/minute
anll Hel PRY¥H308 HfiARes.” HéFu)n w%pu%jﬁést ERAS /AN 9.9 mllhhter/mmute

preparati on was formed. The resol ut| on was i nproved
flayy rage. ﬂbgrram awas oeﬁraﬁﬁgeur&ertsﬁecteﬂoaémnlmrmﬂ @M) mode

fof A8B&RIN %’?a LS etk Hf‘le&@@ 882 at RGWRRR JnikS (R@)Iﬂjf for decane
| n a

Iste 2 the eluent conposition changed
(usednasairitgralTiendand), iidduaM B dak 2, ﬁ—hyipmé, pad 200 YU for TMBPA.
to f d S _
OB QAT Eed 0L I BEEA RRRES SRS oo, 2.
xyile:mil zatli BBRAwsphB 68L1Qf B sedr2et. hevinwes, respectively. The method

w:ﬁ;u gahlﬁe{t%c{) wbtﬁas S‘Wi Ie t ) o t rrgstzganr eassgl\{lr@%%lslzgfr va?%%g concentrations
with decane added as internal standard Residual monomer values are given in Table
4, where they are expressed in parts per million by weight (ppm) based on the total
weight of the copolymer.

These examples demonstrate that the present poly(arylene ether) resins have close to
two hydroxyl groups per molecule, include a substantial fraction of low molecular

weight species, and include a substantial fraction of terminal units derived from the

dihydric phenol.
Table 3
Ex. 1 Ex. 2 Ex. 3 Ex. 4
Monomer solution to prepare and
add to reactor:
2,6-Xylenol 423 kg 41.7 kg 38.2 kg 38.2 kg
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conponents containing an equa
("aromatic ring noieties") were sumed and their
woa®7oelecul ated rel ative to the tota
"Cunul ative wei ght percent up to 17
represents the weight

In Table 4,
aromatic ring noieties

(Wt 9"

nunber of phenyl

ar

oups

area
i nt egr at BCT/HEA6/046637

percent of the sanple containing nolecules having 17

or fewer

aromatic rings.
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:f@ uglennp.d!ﬁr}n to-the- 10 g hor ‘ kg Lz& |_e50.26kg
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DBA 49 addhfo reaetpbact ed) nhnod®8-832]6- xy3®®| and56BPa)  503.8
DMBA-tordddpireastor n_t he Copdireg | r eki7asd 1 i nEF5.6
Dippingemizciorasiddo oepctshy Wi t 126d4-5@$s A6t g petZH.5 g 264.5g
(GePstRBEDA, IGZ\ETA, 35 Agi | ent GC)MB system|used
Tobwams) st ed of an autsanpler, an Agilent 5890 GC, an
Candlpstito add tcoreactat:i on i onh source, [and a quadrupol e SsS
i, 884 soldtideC col umn { SG3sBRE,| 233313 kil metx3.d gngt 3533 g
@wd mllinmeter internal diarmesér, Db4amg gyon 4l g 24.6 g
)hhb &KkNewsS) Wwas used to|perfoyapine Sepagati onsg 25anpl € 425
utions were prepar e bysggﬁfélviggkﬁil gr senvad SCMH
Reg&@pk&lﬁé’ﬁaté& MTTITTTers chigs@jorm 5 II € sgb%l OMS™47eC
R HEoF aitliiB ety T SC LIS i VR 5005 1" 500 rpm
End OFExbieHh > STt "8t T2oyRE e 1 s TR ia ] o 296 min
Q 1 ‘-rUb U1 O1IU TOCTTL Tl el
A’w}gggﬂ'g&yﬁrﬁ esT el i im was wged as llgg’f’r ier 155155%\\& th 14%
emnﬁq%.r“j t er/pinute—How tatel The pasé—analyzed was |
PEl BLOYHR Fect {on Mm% ori ng 4°%P 1) rmdlg;o/f’(pr 19%
r4M¥4;4kﬂf%ié%Léﬂ—iﬁLéﬂiﬂnﬁ
O"ﬁ’ﬁgg Wi Atter EARF™Ror  decane Qﬂ%( d as §-it ¢r na 0.42 0.42
_standard), 107 AMJ forl2 636Mibnol SGNH 269 I@MH oy SCMH
IVpesample petof theeeastondi { i hhL dVa{ 20ahave | .066 dhig¢rq.665 di/g
%o pelidsinireacton nps for _decane294%{ xyPR838h| and@9BVBIPA  29.9%
FingeNd' Agadgiition] (kgA®,404hd P4. 0Tkalit 63318 kspecd.BiRky,| Thal8 kg
| Naghiflldospluien)cal i brated with a sefies of nmpnoner
Visuah adefinnativndfibeasy of Y dmubuled rnSqmatadi ORepanhted | Separated
phakecane added as interngl standafd. Residbal nonongr
Copptuasitarte gi ven i n Tabl e>20 ppm 3 ppm >20 ppm
Second NTA addition (kg of 1.8 kg 0.32 kg -~ 0.32kg
40% Na3zNTA solution)
Visual confirmation of heavy -~ | Separated -- | Separated
phase
Copper content -- 2.9 ppm -- 7 ppm
Third NTA addition (kg of 40% - - - 0.32 kg
Na;NTA solution)
Visual confirmation of heavy - - -- | Emulsified
phase
Copper content - - -- 5.8 ppm
Additional toluene added ~360 kg - --| ~450kg
Visual confirmation of heavy Separated - -- | Separated
phase “
Total moles NTA/moles Cu 6.98 2.874 1.437 4.311
Final copper content 1.1 ppm 2.9 ppm 2.8 ppm 3.5 ppm

Table 4
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fraction of
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has been described with reference to a preferred
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_the art that various chand®s lnayl béfside landEx. 3 Ex. 4
FigglpredeetdVs nay be subgtituOdd6flor el0dlddnt s t B6Toff 0.063

wi t hout departing fromithe sdbfge of t#E/giinventdbig| In dL/g
MaddMWpby GPehy nodi fi cdti onsl9sdy] be nH®8 t o addf19 ja 774
MpaAtNUiy bGP t uat i on or] nat e4378l| t 0 t2y7tjeachi G jof 1642
Furdegiohdlitgnt i on wi t hout departiimg |[f rom tga |essentical 1.91
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Infiradl TVBP AAfnb85) PEST NDdE Conyenplatedsfjor car igji ig a1
TOMRin i FVBPA GRoRAYT,  DUTTHat Tize !”VemdsUl‘:: WTT 59 59
Uht yt.‘éHWBPAe(&SBﬂH' et - e ridl@ VAR 26488
Ul BN S! @pHl |7 CTt Sfspatent g patent 557 1349
? e'ﬁa“ﬁ’e ight Dtpﬁ ceé ) thel r lgﬁ’tu rety 4R anég? 17

aroma,t\lg ,pg,ﬂrgpygggs w9 :

nabl e ;/:\51 th each se 5
n" and "the" and si rri | ar

Hd' Se
mfr8 ?@ ;i welgf.\t%eh'caen?l
’Fé?‘BH eﬁorﬁffsm%il 2 exit

are to be construed to cover both the si ngul ar and the
l. ural unl ess ot herw se_indi cated herei nor

cl earl
the dnyangignhps bser dsscribeg rwﬂérefeqepcg%m PEeferyed ﬁ'@%owent it
wilPbé ‘iiJnHQL%foloﬂ' tHREEBKi11Ed 1i8 the art IRAQREoNs BMshglel $ndy Beemade and

herein do not "denote any orde quantlty or
cquiyrents meay, beombstla#%for@l@n%% therepfayishquh gaparting feom the scope

ofSth@MTRMntiohO %admﬁm maIn@ren‘AH@ﬁi'cEﬁ&{s maP By tmadéstg dad'ag 8art1cu1ar

connection wth a quantlty I's Inclusive of th
sitpatige axneratesigl it dhergeashings of the invention without departing from the

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

the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.

All cited patents, patent applications, and other references are incorporated herein by

reference in their entirety.

All ranges disclosed herein are inclusive of the endpoints, and the endpoints are

combinable with each other.

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
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dictated by the context (e.g., it includes the degree

of error associated with neasurenent of the particular
waeeanneteyy . CLAIMS: 1. A poly(aryl ene ether) copoCl/ysmne/046637

wherein the roly(aryl ene ether) copolyner is the

product of oxidative copolyneri zation of nonomers

conprising a nonohydric phenol and a di hydric phenol;

wherein the poly(aryl ene ether) copol ymer has an

intrinsic viscosity of about 0.04 to about 0.15

deciliter per gram nmneasured at 25C in chloroform

o MRS bR b 508 PR 5 B B o

“ﬁﬂkg ergddont) I’ramaghy (ige )l‘lbfﬂihe d@hbeaéno@@a.w yirder, quantity seisnportance,

about 10 to_ about 70 ercen ol yer chal ns. ’

b 5P h 12 SR e BT, e PO TR AR abou

usddN@NBhnection \With BuHEME GitBuseld&f the i yalee anif hasl the meaning
1, wherein the nonomers conpprise the nono ydrlctgheno

dickiter (e 16 ORI GhEmot MRIACHOPE ASEFD O CHBBASaipigd with
meag%ﬁqeﬁtl&m%pa&r&w%xﬁﬁwl ene ether) copol yner of
claim.1l, wherein the nononers conprise the nmonohydric
phenol and the di hydric phenol in a nole ratio of
about 5 to about 50. 4. The poly(aryl ene ether)
copol ynmer of claim 1l wherein the nonohydric phenol has
the structurewherein each occurrence of QL is
i ndependent |y hal ogen, primary or secondary Cl-0C
al kyl, C2-G 2 al kenyl, C3-Cl12 al kenyl al kyl, C2-C 2
al kynyl, C3-Cu al kynyl al kyl, C -Cl12 ammoal kyl, C G 2
hydr oxyal kyl , C6-Cl12 aryl, G -G 2 haioal kyl. C-C 2
hydr ocar bonoxy, or G -G 2 hal ohydrocarbonoxy wherein
at | east two carbon atons separate the hal ogen and
oxygen atons; and wherein each occurrence of @ is
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i ndependent |y hydrogen, hal ogen, primary or secondary
Cl-C12 alkyl, C2-G 2 al kenyl, C3-C 2 al kenyl al kyl,
WwW@200Cio6 @6l kynyl , C3-Cl2 al kynyl al kyl, Cl1-C 2 PCT/US2006/046637
am noal kyl, C -G 2 hydroxyalkyl, C-G 2 aryl, d-C 2
hai oal kyl , Cl1-C hydrocarbonoxy, or C -G 2
hal ohydr ocar bonoxy wherein at | east two carbon atons
separate the hal ogen and oxygen atoms. 5. The
pol y(aryl ene ether) copolyner of claim1l1, wherein the
nmonohydri c phenol is selected from 2-net hyl phenol ,
CgA?q§.nethylphenol, 2, 6-di net hyl phenol
-trinethyl phenol, and conbi nati ons thereof. 6.
The poly(aryl ene ether) copolynmer of claim1l, wherein
t he &i hyddi eelplaeyiehe ¢ther)ichpolstnenct ure 1 wherein each
occurrence of R and R is independently hydrogen,
hal o r 0 y al kyl - oy
i keﬂ@l@reup ﬂugaﬁ%lyg}{l%ﬁg &ﬂ%l‘) c@o]?nglrzn 1%0 fo%ég Jo]fz oxidative
-lem@hyal ¢®morﬁme® carr;ﬁn,su@la(?ﬁﬁnbhydm:l bhénol GindCa @ihydric
p .ocar bonoxy, or C2-C hal ohydrocarbonoxy wherein at
east two carbon atons separate the hal ogen and oxygen
atonms; z is O or 1; and Y is selected fromwherein each
occuwhersire thef patglardens ethm)ecpmnusenﬂrl hasrapdintiyesic viscdSityGf about

0.0% 85 268k B> dckinitdfiferh (aﬁl uf cﬁ%t?aher% KRPOorae O

I |-bIS(3 5-di et hyl - 4- hydroxyphenyl)ethane
| - pherm thenpeytaryiens ¢thsrl phapiscseohamerage, about 1.8 to about 2
hylrdzy?iosd } Bh oxyphenyl) - et hane, 1, 2-bis(4-
yﬁl;dr}gg ‘% :Ssgd?ﬁrée?cﬁﬂ%%ﬂgnyl ) -1, 2-di phenyl et hane,
|, 2- bi s(3-net hyi - 4- hydroxyphenyl) 1, 2- di phenyl et hane,
1, 2- whgresl et poly(arylspel re@b@yb lsepsiiyinet lsamprises about 10 to about 70
mbien BREMOLT Bp 312(ntz4rp
ﬁ- di hydr oxy | et hox pB(se]r?go rtﬁmﬁgﬁ% unkt ﬂeﬂved from the
dlbYdW@ﬁy 4- et hoxybenzor henone
2, 2' - di hydr oxybenzophenone, 2, 2-bi s(3, 5-
di chg or o- o g %@%e)r £
2. 2-bi s(3- br lgmﬂﬂ gmg) 81%9?3%61; 81;) glra]uem 12 vﬁherem the monomers

com[g'{sg tlm]gwyphmme(agy thel dibydspsapteenol in a mole ratio of about 3 to
aboul1 1. S(3- net hyl - 4- hydr oxyphenyl ) pr opane,
2, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) pr opane,
1, 1- bi s(3, 5-di net h?/l -4-
3. The poly(arylene ether) copolymer of claim 1, wherein the monomers
comprise the monohydric phenol and the dihydric phenol in a mole ratio of about 5 to

about 50.

4. The poly(arylene ether) copolymer of claim 1, wherein the monohydric
phenol has the structure
OH
Q! Q'
Q2 QZ
H

33



hydr oxyphenyl ) - 1- phenyl et hane,
1, 1- bi s(3-chl or o- 4- hydr oxyphenyl ) - 1- phenyl et hane,
WO 2007106 B68- net hyl - 4- hydr oxyphenyl ) - | - phenyl et hBeEDS2006/046637
2, 2- bi s(4-hydroxy-3,5- dinethyl phenyl)-
1- phenyl propane, 2, 2-bi s(4-hydroxy- 3, 5-di net hyl
phenyl ) hexane,
2, 2- bi s(4- hydr oxy- 3, 5-di met hyl phenyl ) pent ane,
2, 2- bi s(3-net hyl -4- hydroxynapht hyl ) pr opane,
2,2-bis(3 nethyl 4- hydroxyphenyl) 1- phenyl propane,

%,2: (3- neth 4- h yphenyl ) hexane,,
wherin) p DGEUTTR y% %pﬁ y) ﬂge&:ﬂ @nmary or secondary C;-C(,
al?(yQ szmhfh‘l'll SNE kﬂgsdfé aﬂﬁinﬁlﬂll@ﬁeﬂgdz alk?'nyl C3—C|2 alk{nylalkyl C1-Ci2

th enebi s[ 4- net | met hyl cycl| xyl
4050 Brdronalier KstCu. 4mbs petar haloalil, Cy-Cya

h r%czﬁgbﬁ@l)h)ﬂr G-é\s h&lbﬁfkﬁg&hbonoxy wherein at least two carbon atoms

2- hydroxyph
Sqﬂas@%a thy dradegem ﬁGX dygemyatoms; gad hukgrphne ryeh) weeursamee of Q° is
| r I
uﬁleﬁér?aeﬁﬂg h%%d%léhhy d!r?%é)i(’ly %ﬁ)&%’fny )B%[ré% HH.%) 8:-C12 alkyl, Co-Cy, alkenyl,
Ci(a2 (aﬂcmy@{m,ycs-osz dllqyeylmﬂs-@heailyyr)ﬂaiyrll, GheSuy |amnbalkg, Ci-Cia

b drﬁ% @X&'E agvg:r(g§§ en%cl dhe%y}]g(zr%)ggggmxy’ or Ci-Cr2

hﬁphfdi ombhlwxm whythio ey ghast ytivometdban eatoms s{eparate the halogen and
%§ 4 hydr oxyphenyl ) net hane,
%ﬁi hyI 4- hydr oxyphenyl ) phenyl net hane,
2,2',3,3,5,5 -hexanet hyl -4, 4' - bi phenol
oct aﬁl uor 6FM: poly(piyérerather) 2opnlgineBpbtlaim 1, wherein the monohydric

P Ctkted, s o 50y oA P ko imptiiphench,
2,5565tl'an§thdlnhen¢iy andjctybinatigptbengb¥.cycl ohexane,
bi s(3- met hyl - 4- hydr oxyphenyl ) cycl ohexane,

tetr bro . : o

et gbr o s%ﬁg lelggte%%gf 8%@9}4?1@{1 %g%Za x'%b whereir tl%f dihydric
pixen@t hay thie|sructrel’ - bi sphenol S,

3,3,5,5 -tetranethyl 4, 4' blsphenol sul fide,

3, 3" -di net hyl P§pheno
5,5 -tetranmet hy

conpri ses
conprises 2,
pe. 9. The poly(a
wherei n the poly(A :
intrinsic viscogiity of ag
deciliter per

wherein each occurrence of R! and R? is independently hydrogen, halogen, primary or
secondary Ci-Cyy alkyl, Ci-Cj2 alkenyl, C;-Cy; alkynyl, C,-C;, aminoalkyl, C;-Cj2
hydroxyalkyl, C¢-C)p aryl, C;-Ci» haloalkyl, C;-C;, hydrocarbonoxy, or C»-C)a
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and

oxygen atoms; z is 0 or 1; and Y is selected from
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gram and wherein the poly(arylene ether) copolyner
conpri ses about 50 to about 70 nole percent of
W@ opoly1sey chains conprising a termnal unit dRCT/USIH06/046637
fromthe di hydric phenol. 10. The poly(aryl ene ether)
copol yner of claim8, wherein the poly(arylene ether)
copol ynmer has an intrinsic viscosity of about 0.06 to
about 0.09 deciliter per gram and wherein the
pol y(aryl ene ether) copol ymer conprises about 35 to
about 55 nol e percent of copol ynmer chains conprising a
tefn1nalwumst depi ved Eron1thg di hydric phenol. 11. o
_The pol y{agyl enellet her J| copollymer_of claim 8, wherein |
t e pol y(aryl ene et her) coﬁ‘fgnef_ﬁés an FRErinSic ““”‘ﬁ‘—'
vRscosity of about 0.09 to about 0.15 deciliter per )
gram and wherein the poly(aryl ene ether) copol yner
whekpr ¢éarBocafoeice b RPRGR PhtdepérddiRlyyRRIpeh Bt Cng 12 hydrocarbyl.
copol ynmer chai ns conpr|5|ng a termnal "unit gJ
he pol y(aryl ene et her)

from,t he Cl.bedrl hen%
copol yner ine f T)n‘if’pé” YR gPik °‘&V§r1ag‘t¥hef3m the dihydric
plrenbEcis| aelevred gitonof 1,2lp048,51diRHehy1 2-RRR Q}?Qetﬁ'é&m £,1-bis3-

n,ts. 13. The pol | ene ether) co
chlpintdr rRydropyphenyl Dethasrel- gbf’& Irfbhydsak yphevasd )ghhanef 1,2-bis(4-
hyalpexit-3 SQﬁnteﬂaya&mﬁtyl)Z} 5121%1%91&}?@&835 uni ts. 14 2-1;1;9@»-methyl-4-

er) copol y of claim1, havihg

bAoA i 2o hsrAl e, i bis(d g Ghecroy phemsgasthane, 2,2

biaHiBEe "Dhesifidhoei g9ht-qaf ?&}%ﬂ 2 The 5,
1%3% (aryI ene ieﬂthe(r) copody fj'g gh%@% %}%%h? 2,2’
dikyhBry-drmethg ﬁ)é‘?ﬁ&*lz%laﬂmn?,s &2’5dibydiiongbdngbphenvak, and zgmls(s 5-

dlehlbwim d R 0
2-bi s Rﬁ%’gl r?e )S;Zdz O R g Phegypropane, 2.2-
blw‘%ﬁ}@mfi - ecrmne.t hérz)bw@pmbtghybﬂ hydrq){ylphenyl)propane

¥ mllion
’ %?r e%gg(ggmg%l % net%?&%gﬁﬁﬁ{)%ﬁ The pol y?alr &stﬁg dimethyl-4-
hYéfqmyler@dbb’rp}lmle@Iﬁnel al ﬂr=rb1s,(3mm1re+4qhydrexmmﬁjmydLp}fenylethane

1 p%?s%) knéiﬂﬂpﬁ{ h?cﬁ%xgphengf) rieplli]éﬁypet n0| and t h62 ,2-bis(4-hydroxy-3,5-
dimethyl phenyl)-1-phenylpropane, 2,2-bis(4-hydroxy-3,5-dimethyl phenyl)hexane,
2,2-bis(4-hydroxy—3,5-dimethy1phenyl)pentane, 2,2-bis(3-methyl-4-
hydroxynaphthyl)propane, 2,2-bis(3-methyl-4-hydroxyphenyl)-1-phenylpropane, 2,2-
bis(3-methyl-4-hydroxyphenyl)hexane, 2,2-bis(3-methyl-4-hydroxyphenyl)pentane,

2,2'-methylenebis(4-methylphenol), 2,2'-methylenebis[4-methyl-6-(1-
methylcyclohexyl)phenol], 3,3°,5,5 ’-tetramethyl-4,4’-biphenol, 3,3’-dimethyl-4,4’-
biphenol, bis(2-hydroxyphenyl)-methane, bis(4-hydroxy-2,6-dimethyl-3-

methoxyphenyl)methane, bis(3,5-dimethyl-4-hydroxyphenyl)methane, bis(3-methyl-4-
hydroxyphenyl)methane, bis-(4-hydroxy-3,5-dimethyl phenyl)-cyclohexylmethane,
bis(4-hydroxy-3,5-dimethyl phenyl)phenylmethane, bis(3-methyl-4-
hydroxyphenyl)cyclohexylmethane, bis(3-methyl-4-hydroxyphenyl)methane, bis(3,5-
dimethyl-4-hydroxyphenyl)methane, bis(3-methyl-4-hydroxyphenyl)phenylmethane,
2,233’55 ’-hexamethyl-4,4’-biphenol, octafluoro-4,4’-biphenol, 2,3,3°,5,5°-
pentamethyl-4,4’-biphenol, 1,1 -bis(3,5-dibromo-4-hydroxyphenyl)cyclohexane 1,1-
bis(3,5-dimethyl-4-hydroxyphenyl)cyclohexane, bis(3-methyl-4-

35



di hydri c phenol conprises

2, 2- bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) pr opane; and
wok@res1e6e he pol y(aryl ene ether) copol yner conpCT/B8806/046637

about 0.2 to about 2.7 weight percent of unreacted

2, 2- bi s( 3, 5-di met hyl - 4- hydr oxyphenyl ) propane. 17. The

pol y(aryl ene ether) copolynmer of claiml1l, wherein the

nonohydri ¢ phenol conprises 2, 6-di met hyl phenol and the

di hydri c phenol conprises

2, 2- bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) propane; and

ere he I arylen et he ris bout
o AL SRS AERI SRR, | SBiPRRo St
tetﬁab%ﬁp&sph@ioﬂ arethpt d{hllzﬂrl 4)4?-?)?@[161!101 A 82 2Tldkallyl-4,4’-bisphenol S,

350 et hibntes pr i Sa5afbter Daphgely sulide,

3,3’h§5’pu"e&am@ﬂ@mfmam@;ﬂteﬁbmﬂfoﬁ@ &a& c6inBthationd tHerdar! ani ne;
and mhereln t he poly(arylene et her) conprises about

gl % yI a éy@a%ﬁ ne ¢ %{)%%gé }go;{eg:piglc EnoL?v}z]}ge%m the monohydric
ph&ﬁtﬂcﬂoﬁipi{s,es \nt&aﬁmhylbﬁem |2} ahey UBRArietphendl &@m{sxemtz.bls(s 5-
di ﬂé r.oduc of OX|dat|ve copol yneri zati on of

“HB FYdERyRReRYgORAts. di et hyl phenol and

2,2-bis(3,5- dirnethyl -4-hydroxyphenyl)propane in a

Wei ght ra'f]ile)pﬂ&(;ﬁbleﬂé eﬁlef)@oﬁbl@'uier Qfm&hﬁﬁ mvHel‘Ein the poly(arylene

ether).co an tn
?r% c?g? aﬁl?BL}PZIU‘ VIS sé‘P{ d{}a St’@ t9 ¢ ot"éro -Qoegeciliter per
gngraramd mﬁam pblyeaﬁﬁeha ethehMopbRinter d&ﬁﬁj’rﬁb@aﬁ&ﬁ 50 to about 70

Ie e et ri ses,, on average, about 1.85
mPge \éé PIOPR %x ”;Ssr Gﬂlﬁ‘gnﬁég froPeRiek ungpderived from the
dﬂw@ﬁ@pMﬂbme poly(arylene et her) copol ymer conpri ses
about 35 to about 70 wei ght percent of copol yner

chains ising a termnal unit e ived from the
VT COPREPEygné SEDrPpalies o8 claimn pHebih ety arylene
ethbg rc@pﬂlyhhﬁf lﬂ@bﬁ(lﬁfrj/ds&ﬂ@ls@&sﬁ@r()f RO DYWHBto Atout DY deciliter per

rodugt of ox
am; an S wherein tile polyk[arylene ether) copolymer comprises about 35 to about 55

mole percent of copolymer chains comprising a terminal unit derived from the

dihydric phenol.

11.  The poly(arylene ether) copolymer of claim 8, wherein the poly(arylene
ether) copolymer has an intrinsic viscosity of about 0.09 to about 0.15 deciliter per
gram; and wherein the poly(arylene ether) copolymer comprises about 10 to about 45
mole percent of copolymer chains comprising a terminal unit derived from the

dihydric phenol.

12. The poly(arylene ether) copolymer of claim 1, having a weight average

molecular weight of about 1,000 to about 6,000 atomic mass units.

13.  The poly(arylene ether) copolymer of claim 1, having a number

average molecular weight of about 500 to about 2,500 atomic mass units.

14. The poly(arylene ether) copolymer of claim 1, having a ratio of weight

average molecular weight to number average molecular weight of about 2 to about 3.
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copol yneri zati on of nononers conprising a nonohydric

phenol and a di hydric phenol; wherein the poly(aryl ene
we@eweny766odpol ymer has an intrinsic viscosity OPCHIDSU6/046637

0.04 to about 0.15 deciliter per gram neasured at 25C

in chloroform wherein the poly(aryl ene ether)

conpri ses, on average, about 1.8 to about 2 hydroxyl

groups per nol ecul e; and wherein the pol y{aryl ene

et her) copol ymer conprises about 10 to about 75 wei ght

percent of copol ynmer chains conprising 1 to 15

Coporymer T Bl BlAEb S bop U BB RY LV one ot her)

copolzney has an intrinsic viscosity of about 0.04 to
abouwvh@eiys thie cinbnekydrize phgnelmcormpdisesh e2,6idimethylphenol and the

AR08 AP TR SRS 0O,

1 to 15 aromatic ring noieties. 22. The poly(aryl ene
et hewhereipbe patby(anylengleghian) cgpolyher aimprises abouty (3 tpl abost 1350
. L kNS | ity of about
pagggg{%%E§E§%¥a§gggﬂ§%0|c#%éébgg?&aygﬁgﬁghd.mherein t he

pol y(aryl ene ether) copol yner conprises about 30 to
about6.60 We¢ pely(auelene pthedfcopolyoiey wEelaithdi ns conpri si ng
1 to 15 aromatic ring noieties.23. The poly(aryl ene

et hekhereRPhy "RionShydtiigRer®: BhfHRESD é,&%m&;&ﬁg@g@f NBd the

.ether) copolynmer hds an‘intrinsiC viscosity o
dilyydyiy: ghenglhenmeprizes 8,24bis(3, P dimethyi-4-diydroxynhehyhipeonang; atide

pol y(aryl ene ether) copol ynmer conprises about 10 to

aboukhdBin Ml GhYIyRBAGRNEMES) CRBRIMNIEIon I SbERNDLI i dMdut 2.7
1 to 15 aronmatic rlngbnnletles. 24,

| | I A pol y(aryl ene
welghiaieroqss pEMyTTasted Rizeiet-ifecths 4 bastpkepkerDREDane.
copol ynmer is the product of oxidative copol ynerization

of npnonmeTke pAIPEIrsIche 6thér)GogbRRI¥F BlAGAAQ! and
2, 2-bis(3,5-

wherein the monohydric phenol comprises 2,6-dimethylphenol and the

dihydric phenol comprises 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane; and

wherein the poly(arylene ether) comprises about 0.5 to about 1.5 weight
percent of units derived from 3,3’,5,5’—tetramethy1~4,4’-Biphenol.

18. The poly(arylene ether) copolymer of claim 1,

wherein oxidative copolymerization comprises polymerizing in the presence of

a catalyst comprising di-n-butylamine; and

wherein the poly(arylene ether) comprises about 0.2 to about 2 weight percent
of incorporated dibutylamine groups.

19. A poly(arylene ether) copolymer,

wherein the poly(arylene ether) copolymer is the product of oxidative
copolymerization of monomers consisting 2,6-dimethylphenol and 2,2-bis(3,5-

dimethyl-4-hydroxyphenyl)propane in a weight ratio of about 3 to about 9;
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di met hyl - 4- hydr oxyphenyl ) propane in a weight ratio of
about 3 to about 9; wherein the poly(aryl ene ether)
W@ oPolyse? has an intrinsic viscosity of aboutPOI/08200€046637
about 0.09 deciliter per gram neasured at 25C in
chl orof orm wherein the poly(aryl ene ether) conprises,
on average, about 1.85 to about 1.95 hydroxyl groups
per nol ecul e; and wherein the poly(aryl ene ether)
copol ynmer conprises about 30 to about 60 wei ght
percent of copol ynmer chains conprising 1 to 15

aromati c.ri Leties. 25. A poly(arylene ether) .

copo n R RPRIATERS e&&r%yf%ﬂ@%ﬁehaét Hefripsip gisyRufy of about
0.08 té BBowrrOCkGécilifer P gha MRaSLE®hIS2C iAhl R6foRi;

nononers conprising a nonohydri c phenol and a di hydric

phenol; wheyein the poly(aryl ene ether) copol yner S

B | WHEFSHR the POLEgIeRS St Fotriscs P bt ahou 4 53 to about
1.68 GiylioxgT gitRipbs pedibledtirsaied at 25C in chlorof orm

wherein the poly(arylene ether) conprises, on average,

about ,1.8 tp abpuyt hydr oxyl groups per. nol ecul e, an

aher ety fe 38BtinTond) Shet) Sopdimier sobiRris ) abgiiag§ 8 qout 70
weighe perap VfYdipolyeferStisins 8dbmpARAL VAREmfGRaAl Gt derived from the
4k rlﬁln 1 to 15 aromatic ring noieties.26. The

1%5&@?3 %ne ether) copolymer of claim25, wherein the

pol y(aryl ene ether) copolynmer has an intrinsic

Vi sc@i t y AopolglavlienOethér)tcopalyier, 0. 06 deciliter per
gram neasured at 25C in chloroform and wherein at

bR ORI A RELSED' cBLie B2 MEATHLERE of i

et he copo
capoipnersiatignlof endhoa@sradoinprisingy anpiogbhydric pRenolheénd a dihydric
pﬂgﬂo,(arylene et her) copol yner of claim25, wherein the
ol'y(aryl ene ether) copolyner has an intrinsic
viscosity of about 0.06 to about 0.09 deciliter per
gr anmwhexds thee polafar@lsie ethech¢apobimernhasamdinttieie iviscadity of about

a O.meight percent of t pol y(aryl ene
0 FRE ISR drrileL B B SR R o
wherein the poly(arylene ether) comprises, on average, about 1.8 to about 2

hydroxyl groups per molecule; and

wherein the poly(arylene ether) copolymer comprises about 10 to about 75

weight percent of copolymer chains comprising 1 to 15 aromatic ring moieties.

21. The poly(arylene ether) copolymer of claim 20, wherein the
poly(arylene ether) copolymer has an intrinsic viscosity of about 0.04 to about 0.06
deciliter per gram; and wherein the poly(arylene ether) copolymer comprises about 50
to about 75 weight percent of copolymer chains comprising 1 to 15 aromatic ring

moieties,

22. The poly(arylene ether) copolymer of claim 20, wherein the
poly(arylene ether) copolymer has an intrinsic viscosity of about 0.06 to about 0.09
deciliter per gram; and wherein the poly(arylene ether) copolymer comprises about 30
to about 60 weight percent of copolymer chains comprising 1 to 15 aromatic ring

moieties.
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conprising 1 to 12 aromatic ring noieties. 28. The

pol y(aryl ene ether) copolynmer of claim25, wherein the
w@oioyereyd ene et her) copol ymer has an intrinsi BCT/US2006/046637

vi scosity of about 0.09 to about 0.15 deciliter per

gram neasured at 25C in chloroform and wherein at

| east about 10 wei ght percent of the poly(aryl ene

et her) copol ymer consists of copol ynmer chains

conprising 1 to 15 aromatic ring noieties. 29. A

poly(aryl ene ether) copolynmer prepared by a nethod,

co | Si ng;  OXI ively gopol ynerizin no ri .

herta - andre” BoRivieHe ! (B cepBlmter a B’ 20, Whersin the
poly(drybareer éther) sopubmierihas taneinpisieniseosify @f amivalOy3R to about 0.15

C rising a netal iop and a nitrogen-containing .
aoF B et e HPEi e K Bre i SoPOr L utpasesabout 10
to bloMt a0yWweiRht peRen) oNavpdigman chaths icBRipeisiigST @61 115y ardknatic ring

abqut 0.04 to about 0.15 deciliter per gramat 25C in
MAFHEY of orm and contacting the pol yfuncti onal

pol y(aryl ene ether) solution with an agqueous sol ution

of azghel Atpotg(anden ethér) expdlagbr,t he metal ion fromthe
solution; wherein the chelating agent and netal ion
are ‘Qéesent i

n l.ar ratio of about .1.0 to about _—
1 5. PRGRE oyt o B g, SonBinry i o By o osidative
cogetyhmiizaﬁompgf sﬂnr)gchgm'zdghégMg/ zs,egMnyﬂ?tpiliegmg and 2,2-bis(3,5-
.2, §-di et nol,. an ,.2- bi s( 3, 5-.di -4-
i g R RS By SRR of ARoh oahout %
catal yst conprising copper ion and a
ni t rebemeinc tet golpjangend giha dopofynrambas aalintrimsic viscosity of about

oS5 DI P AR B0 el "

deciliter per gramat 25C in chloroform and

contwib¢rieing thHehpolly(drylent iedrea) cqrapyieal whenergichabout 1.85 to about
1%){1%{9 on vvithsan aquegus olution of nitrilotriacetic
IR AR hsiels IRV AR eXf'ract the copper ion fromthe
solution; wherein the nitrilotriacetic acid trisodium
sal twherdirc tpppoely{aoplene etipre sepdlyinar gomptises aliut Bbfo about 60

ut 1. Q_ahout 1.4: wherein e . .
G Hercond ok SRl ot S50l L0 13 emunat ing motctes
25. A poly(arylene ether) copolymer,

wherein the poly(arylene ether) copolymer is the product of oxidative
copolymerization of monomers comprising a monohydric phenol and a dihydric

phenol;

wherein the poly(arylene ether) copolymer has an intrinsic viscosity of about

0.04 to about 0.15 deciliter per gram, measured at 25°C in chloroform;

wherein the poly(arylene ether) comprises, on average, about 1.8 to about 2

hydroxyl groups per molecule; and

wherein at least 10 weight percent of the poly(arylene ether) copolymer

consists of copolymer chains comprising 1 to 15 aromatic ring moieties.
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hydr oxyphenyl ) pr opane, and the tol uene are used in

anobunts such that the ratio of the total weight of the
wWQ2@7667864 hyphenol and the 2, 2-bi s(3, 5-di met hyPEBUS2006/046637

hydr oxyphenyl ) propane to the total weight of the

2, 6-di et hyphenol , the 2, 2-bis(3,5-

di net hyl - 4- hydr oxyphenyl ) propane, and the toluene is

about 0.26:1 to about 0.34:1; wherein the

nitrogen-containing |igand conprises dibutyl am ne,

di met hyl butyl am ne, and

N, N 5di ut yl et h enedlan1ne erein, said . .
cont a(cgéltl naJ?‘F é’ g}'( e STRAD r eIRPIEPST e @?‘Fﬂer?s wherein  the
pety(mtylena etherh capblmae RaSap eﬁtﬂhme Rigtosidy ohabaiti 04 3gabbut 0.06
d gonducted W th % % about 50 to about 800C
PFiteE R s FisesH hiasetorms o d vhreinmgy least about 10

welgt Per&int FTOME p%l&(@rﬁ&f&l&thgé dopbBINH EshsREY ok 'cb?(ﬂ%ﬁ‘lgl}q chains

t ot al . of t he bifunctional poly(arylene ether) so
CORBTIFING 1iQ W QTS IRE TBRCtiGher ei n” sai d contacting t he
bi functional poly(arylene ether) solution with an

aquemas sahut ipaly(afylehet letlef M tctobithér aF dcl&ﬁi sogli l’LWlereln the
npr.i ses intaining. a _ratio of a bi f uncti onal

PB@/I(W ‘%W ISEHFE) eemplypes bR o yesesiy b abent{yde s gbout 0.09
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poly(arylene ether) copolymer has an intrinsic viscosity of about 0.09 to about 0.15
deciliter per gram, measured at 25°C in chloroform; and wherein at least about 10
weight percent of the poly(arylene ether) copolymer consists of copolymer chains

comprising 1 to 15 aromatic ring moieties.
29. A poly(arylene ether) copolymer prepared by a method, comprising:

oxidatively copolymerizing a monohydric phenol and a dihydric phenol in an
aromatic hydrocarbon solvent in the presence of a catalyst comprising a metal ion and
a nitrogen-containing ligand to form a solution comprising a polyfunctional
poly(arylene ether) having an intrinsic viscosity of about 0.04 to about 0.15 deciliter

lﬁer gram at 25°C in chloroform; and

contacting the polyfunctional poly(arylene ether) solution with an aqueous
solution of a chelating agent to extract the metal jon from the solution; wherein the

chelating agent and metal ion are present in a molar ratio of about 1.0 to about 1.5.
30. A poly(arylene ether) copolymer prepared by a method, comprising:

oxidatively copolymerizing 2,6-dimethyphenol and 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane in toluene in the presence of a catalyst comprising copper ion

and a nitrogen-containing ligand to form a solution comprising a bifunctional
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poly(arylene ether) having an intrinsic ‘viscosit}rr of about 0.04 to about 0.15 deciliter

per gram at 25°C in chloroform; and

I

contacting the bifunctional poly(arylene ether) solution with an aqueous
solution of nitrilotriacetic acid trisodium salt to extract the copper ion from the
solution; wherein the nitrilotriacetic acid trisodium salt and copper ion are present in a

molar ratio of about 1.1 to about 1.4;

wherein the 2,6-dimethyphenpl, the 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane, and the toluene are used in amounts such that the ratio of the
total weight of the 2,6-dimethyphenol and the 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl)propane to the total weight of the 2,6-dimethyphenol, the 2,2-bis(3,5-
dimethyl-4-hydroxyphenyl)propane, and the toluene is about 0.26:1 to about 0.34:1;

wherein  the nitrogen-containing ligand comprises dibutylamine,

dimethylbutylamine, and N,N’-di-t-butylethylenediamine;

wherein said contacting the bifunctional poly(arylene ether) solution with an
aqueous solution of a chelating agent is conducted with agitation at about 50 to about
80°C, for about 15 to about 120 minutes, with a mixing energy of about 5 to about 15
kilojoules per kilogram total of the bifunctional poly(arylene ether) solution and the

aqueous solution;

wherein said contacting the bifunctional poly(arylene ether) solution with an
aqueous solution of nitrilotriacetic acid trisodium salt comprises maintaining a ratio of
a bifunctional poly(arylene ether) solution viscosity to an aqueous solution viscosity
of about 5 to about 500; and

wherein said contacting the bifunctional poly(arylene ether) solution with an
aqueous solution of nitrilotriacetic acid trisodium salt comprises maintaining a ratio of

a bifunctional poly(arylene ether) solution density to an aqueous solution density of
about 0.8 to about 1.0.
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