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COPCLYMER BACKGROUND OF THE | NVENTI ON  Pol y(aryl ene

ether) resins and their blends with styrenic resins
woang/oasetl i n many commerci al applications thZCTRERSA046637

fromtheir tenperature resistance, stiffness, inpact

strength, and dielectric properties. Conventiona

poly(aryl ene ether) resins have intrinsic viscosities

of about 0.3 to about 0.6 deciliter per gram as

measured in chloroformat 25C Conventi ona

poly(aryl ene ether) resins al so have, on average,

about one term nal r ox roup per polyner chain.
Recent |y, soﬁﬁﬂﬁgwuﬁgﬁﬁbﬁgﬁ BER)COHPELYMER y| ene
ether) resins, including conpositions for printed

circuit board fabrication, have created a need for
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ethérhcladiarit 70 nol e percent of copol yner chains
conprising a term nal unit derived fromthe dihydric
BRIHERRkC spect, there is
prOV|§ g’a pols%ar ene ‘et j@ copol yner, wherein the

pol y(aryl ene ethzﬁ% copolyner is the product of
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conprising a terntnal unit dﬁrlved fromthe dihydric
phenol . Anot her enbodi nent a poly(aryl ene ether)
copol yner, wherein the poly(aryl ene ether) copol yner
is the product of oxidative copolynerization of
nmononers conprising a nonohydric phenol and a
di hydrid phenol; wherein the poly(aryl ene ether)



WD 2007/ 067669PC T/ US2006/ 046637 BRI EF DESCRI PTI ON OF

THE DRAWNG FIG 1 is a partial 11-1NWR spectrum of

product copol ynmer. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON  One enbodi ment is a poly(aryl ene ether)

copol ymer, wherein the poly(aryl ene ether) copolyner

is the product of oxidative copolynerization of
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mmﬁ@reln t he poly(aryl ene ether) conpri ses, on

average, about 1.8 to about 2 hydroxyl groups per

nol ecul e; and wherein the poly(aryl ene ether)
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I ons ronic materia
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Cl-Cu al kyl, C2-C12 alkenyl C3-C12 al kenyl al kyl ,
AfGh&lembbdiyryt is &p&i@rﬁbﬂ@ ﬁtﬂea}l fodolyn@s; @herein the poly(a.ryiene
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wherei n each occurrence of RI and R2 is independently
hydr ogen, hal ogen, primary or secondary Cl-Cl2 al kyl,
Cl-Cl12 al kenyl, Ci1-C12 al kynyl, Cl1-Cl12 am noal kyl ,

G -Cl12 hydroxyal kyl, C6-Cl12 aryl (including phenyl),
Cl -C12 hal oal kyl, C-C12 hydrocar bonoxy, or C2-Cl12
hal ohydr ocar bonoxy wherein at | east two carbon atons
separate the hal ogen and oxygen atonms; Zis 0 or 1;
and Y is selected froma3K a5 1111111111, and R30
wherein each occurrence of le-R6 is independently
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saturated, and uns .ur at.ed roc t
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thekohrtiod} S8rein mdm}e:ﬁzinmga@ednmangtpﬂwnwe pesdrdires nioldr ratio of
-, -bis(3 -ch .0- 4- hydr oxyphenyl ) et hane,
ab%ﬁi(ﬂp§@ ?hyl 4- hydr oxyphenyl ket hane,
1, 2- bi s(4- hydr oxy- 3, 5-di met hyl pheny1)-
'Otlﬂar 2ofhopinesyd ﬁtehima',ibed in detail below.
1, 2- bi s(3- et hyl- 4- hydr oxyphenyl ) -1, 2-di phenyl et hane,
1,2- bis(3 -nethyl-4-hydroxyphenyfl et hane, 2,2
" - bi napht hol, 2, 2'-biphenol, 2,2'-
di hydr oxy- 4, 4' - di met hoxybenzophenone,
2, 2" -di hydr oxy- 4- net hoxybenzophenone,
2, 2' -di hydr oxybenzophenone,
2, 2- bi s( 3, 5-di chl oro- 4- hydr oxyphenyl ) pr opane, 2, 2-
bi s( 3- br ono- 4- hydr oxyphenyl ) pr opane,
2, 2- bi s( 3- phenyl - 4- hydr oxyphenyl ) pr opane, 2, 2-bi s(3
- met hyl - 4- hydr oxyphert yppr opane,
2, 2-bi s(3,5-di met hyl-4- hydroxyphenyl) propane,
1, 1- bi s(3, 5-di net hyl- 4- hydr oxyphenyl) - 1- phenyl et hane,
1,1- bis(3 -chloro-4-hydroxyphenyl)-1-phenyThrt hane,
1 ,1-bis(3 -nethyl-4-hydroxyphenyl)-1- phenyl ethane,
2, 2- bi s(4- hydroxy- 3, 5-di net hyl
phenyl ) - 1- phenyl pr opane, 2, 2-bi s(4-
hydr oxy- 3, 5- di net hyl phenyphexane,
2, 2- bi s(4- hydr oxy- 3, 5-di met hyl phenyl ) pent ane,
2, 2- bi s( 3- et hy1- 4- hydr oxynapht hyl ) pr opane,
2, 2- bi s(3- et hyl1- 4- hydr oxyphenyl) - | phenyl pr opane,
2, 2- bi s( 3- net hyl - 4- hydnxyphenyohexane,
2, 2-bi s(3-net hyl-4-
hydr oxyphenyl ) pent ane, 2, 2' - et hyl enebi s(4- net hyl pheno
1), 2,21-nethyl enebi s[ 4-
nmet hy1- 6- (1- net hyl eyel ohexyl ) phenol I, 3,3
",5,5" -tetranet hyl-4, 4" - biphepol, 3,3 '-
di met hyl- 4, 4' - bi phenol , bi s(2- hydr oxyphenyl) - net hane, b
I s(4- hydroxy- 2, 6-
di met hy1l- 3- net hoxyphenyOret hane, bi s(3, 5-di rnet hyl-4hy
dr oxyphenyl ) net hane,

2a



bi s(3- nmet hyl - 4- hydr oxyphenyOret hane, bi s- (4- hydr oxy- 3,
5-di net hyl phenyl) - cycl ohexyl net hane,
bi s(4- hydr oxy- 3, 5-di rnet hyl phenyl) phenyl et hane,
wobkb®(odreset hy1- PCT/US2006/046637
4- hydr oxyphenyl ) cycl ohexyl net hane, bi s(3- net hy1l- 4- hydr
oxyphenyl ) net hane, bis(3
, - di met hy1- 4- hydr oxyphenyl ) net hane, bi s( 3- net hy1- 4-
hydroxyphenyl)phenylnethane 2,2
',3,3,5,5 -hexanet hyl-4, 4 blpheno
octafluoro 4, 4' blpheno
2,3,3 ,5,5 -pentaneth - bi phenol ,
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viscosity may be at | east about 0.06 deciliter per
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deciliter "per granl or“up to
emeqacgment, the monochydric phenol has the structure

OH

Q. Q!

Q? Q2
H

wherein each oceurrence of Q1 is independently halogen, primary or secondary C;-Cj
alkyl, C,-C2 alkenyl, C3-Ci; alkenylalkyl, Cp-Cy, alkynyl, C3-Ci alkynylalkyl, C1-Cy2
3 ,



The poly(aryl ene ether) conprises, on average, about

1.8 to about 2 hydroxyl groups per nolecule. Wthin

this range, it may conprise at |east 1.85 hydroxyl
woaoouesssper nol ecul e. Also within this rangePCTIUSKEG/046637

conprise up to abeut 1.95 hydroxyl groups per

nol ecul e. The pol y(aryl ene ether) copol yner conprises

about 10 to about 70 nol e percent of copol yner chains

conprising a termnal unit derived fromthe dihydric

phenol . For exanple, when the dihydric phenol is

2, 2-bi s(3, 5-di tnethyl -4-hydroxyphenyl ) propane, the
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0.06. Also within the intrinsic viscosity range of

0.04 to 0.15 deciliter per gram the intrinsic _
wovismasdcdy may be up to about 0.12 deciliter POENUSIIBBECE3T

or up to about 0.09 deciliter per gram Wthin the

range of about 1.8 to about 2 hydroxyl groups per

nol ecul e, the nunber of hydroxyl groups per nol ecul e

may be at | east about 1.85, or up to about 1.95.
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] i S@S , 1.85 _,
o o 1SS DRl B3 Soy - REFLRRe Ffhon,”° 23
dimget-ghh-RipRengbl y ( ar§is@nydsexsmtienyldpuliiane;  cobistd-eloxy-2,6-
dimRBQUS -BBiHb Ry RAEmERaYE! ghty; rﬁ&ﬂeﬂl-éﬁﬁﬁu?éﬁ%gényl)memme,

. chains conprising 1 to 15 aronétic fin
bis(Apethel-HhgjroxyrhansPaethencze e (Hbylory-3f5-diowthyl  phenyl)-

cycf&bﬁﬁﬁieﬁ{an\éﬁ%i%ttggﬁgﬁﬁg-diﬂle{ﬂ}@ ngﬁ%i%)&:?@ﬂ)‘l&%g%, ?’?Sg%]—methylu

copol yner is to mne the’r C CO
4-hygroxypheppqucioherylmsthanss of t bis(xamBind-4Hadroxyphérgmethane,

bis(b GBSt etiiRLLE Sy pHBh HREci es. For exanpl e, ?1 ) i
| east fgﬂvvei ht “per c)gjrﬁleo a pol Aaryl ene et her is(3-methyl-4
hyd@i‘ﬁ&h?fﬁ@?hﬁ%)améﬁﬁg%st of WO 2.2°,3,3.5,5-hexamethyl-4,4’-biphenol,

octa?074-AGTBRARETT. w&gﬁéggéﬁ;%emgﬁagﬂ% fen&b%iﬂgﬁigg,s-dibmmo-

conprising 1 to 15 aronat | g hoi et es.

tic ri
4-hydsesypbeayljoyslohexaneny bd-Hie@ioimesthylst-hgiroxwhsayhryclohexane,
bis(ShE &G = try .data nmentigned .
| (abovgﬁtﬁﬁg‘g%m%ﬁ%}mg?‘%ﬁgss a- pol y(ar yltg%%’rg?lﬁg’fp}’eml’
tetrabgorsphisplenoh e tetrabrethebisphiapoh By | i -ditlhdd,4 cgsiepaeA, 2,2’
dially$-4ld1 8y ct: of oxi i ,_gg&g! r4 L8l f - s
rry%ﬁorrgarlisiﬂ%gér,r{p%"f si ng a@ﬁ%ﬁ%ﬁy ric %ﬁgnd%%al%éﬁg& sulfide, 3,3°-
di hydri c phenol; wherein the_poly(aryl ene ether)
copolynmer has an intrinsic viscosity of about 0.04 to
about 0.15 deciliter per gram neasured at 25C in
chl orof orm wherein the poly(aryl ene ether)
conpri ses, on average, about 1.8 to about 2 hydroxyl
groups per nol ecule; and wherein at |east 10 wei ght




. WD 2007/ 067669PCT/ US2006/ 046637 W thin this range,
the ratio may be at | east about 300:1, or at |east
about 600:1. Also within this range, the ratio may be
woupetee7aapout 6, 000: 1, or up to about 3, 000: 1.PCTIUS2006/046637
addition to the netal ion, the copolynerization
catal yst conprises a nitrogen-containing |ligand. The
nitrogen-containing |igand may include, for exanple,
al I cyl enedi am ne |igands, primary nonoam nes,
secondary nonoami nes, tertiary nonoanines,
am noal cohol s, oxi nes, oxines, cyanide, and t he Ilke

and conbi nations thereof. Suitabie alkylenedlanlne.
dlmie@ah despheaplidalfidtose Ha¥ihg -teremethyhfidgbisphenol sulfone, and

cofrfdlifoRe N &) 411\643@ ESbBaihfent Shdf gr i hﬁéﬁto? gﬁtﬁfmses 2 2-b1s(3 5-

unsubstituted dival ent residue two or th
diggpihgh4divérozaphenyDaramesef or m t he cl osest |ink betmeen
the two dianine nitrogen atons; and each Rb is

THeHHERMFERB PhindHd0He raugrdnﬁlph%ﬁhkybe Re&f ﬁmgdmo consistent

al k enedlan1ne |.i gands i ncl.ude those in which
with ?‘%i"é?‘ﬁy$ difeintuingip Fiaoosityt aboprkBiHyioabeut 0.15 decxhter per gram,

mdasied Gr2GFE -ih, c}@&gf&ﬁl‘: hIrRQné %nibﬂ@ﬁ:ﬁ’&fﬂ,dﬁetﬂﬂnd?ﬂ& @8&Prise the
i sopropyl, or pha- tertlaréﬁg ky

mw%biﬁ@c pheral rarlédh%\riﬂwiaﬁ @BF% ipé Pplgaiata of r@gp iidbto about 110,

Wit m;_i,l rahgég hy h&t&%ﬁﬁ 'E@qit B8 S, or at least about 7. Also within
N -tetranet hyl dlanlnopropane Sui tabl e

N, N, N
this Fatggy (e FpRR MEY HESD (Rebttetear en ek sy Using sich a ratio helps
endiirk ehék AE taﬁgetuﬁﬁﬁiic @ﬁscosﬁ@r}s g4AsRlse. n-propyl am ne,

|-propylan1ne buty am ne, sec but yl am ne,

as SRR e B el BN HhE sRBoIaRp RS e 8¢ ieage visesity of

aboit uh tlhe tcf amegan T&ad@lﬂhtﬁﬁﬁ@t frampakkaesd am’ﬁi'CtthQ:lhldrKﬁmA Within
rererre ri.mar noam is. n u amn ne
i s FRTE TS /B Bospe aboyce P et et giam. Also
withn didgiraes, &mﬂ&%@@qﬂa@ﬁﬁéﬂ mmaR gﬁnggﬁxdam/we@;t@ &p to about
1 ture e..an alre eac
O'Ii%n(g?gég?fo%eﬁ %7"(‘ Qd?defﬁh fé@fie‘@]t’%Bﬂ &FTh the proviso

that Re and Rd collectively have a total of four to
Theypelx(erybaeistiech tomprisdx amplesgafabsec bAdampouth badrorgsroups
pef %Iléil:g?e dWIHnR rtﬁ'@(y{Ln?inntt g::%%%& ap Pe%ty{ y]hnc?t‘oxyl groups per

I -n-butylam ne,
mqiﬁfbm yAlse within Gun mege.di may rermpiriat niprie abautdl .2 hbydrokyd, groups
p&MbBﬂwQ Jo- N-butyl ami ne being preferred. Suitable
tertlary nonoar ni nes include tertiary nobnoam nes
havi ng the structure (1e)(R5(133@N wherein r and Rf
Thamlﬁewéﬁ*@ sheh conelemen demprijessatopt ¢8ao abRyl 7¢ mwip percent of
et BRI e&h as;hg at teﬁ%naﬂgm%eé% R8Ok | BRdridSiknol. For

ave a total four to eighteen carbon atons
exmalﬁpwegn e diBiapYenab iR LS Sraicie-+-hydroxypheny Dpropane,
thd f)bl?%aﬁylleﬁ’é RIRE) c&ﬂdiyrﬂé}r &ﬂﬂrr;él?s'ék RBout f@ ’t(?1 agéﬁty'}@m&i@percent of
| - n-but’yl amne, - n-p am ne
wmlﬁ'pﬁw HOSRAPER SR lerninad ait SAdng wlmﬁtﬂ@mrand t he
like. In addition, cyclic tertiary am nes, such as
pyri di ne, alpha-collidite, ganna-picolineand t he
i ke, can be used. Hi ghly preferred tertiary
nmonoam nes i ncl ude di net hyl -n-butyl am ne. Additiona
primary, secondary, and tertiary am nes are descri bed
in US. Patent Nos. 3,306,874 and 3, 306, 875 to Hay.
Sui tabl e ami noal cohol s i nclude C4-Cl2 ani noal cohol's
havi ng one nitrogen atom and an al cohol oxygen,
wherein at | east two carbon atons separate the am no
nitrogen and the al cohol oxygfn. Exanpl es of
am noal cohol s i nclude N, N-di et hyl et hanol am ne, 4-
but anol am ne, N-net hyl - 4- but anol am ne,
di et hanol am ne, triethanol am ne,
N- phenyl et hanol at ni ne, and the |ike, and conbi nati ons
conprising at |east one of the foregoing



WD 2007/ 067669PCT/ US2006/ 046637  wherein 12.1-R6 are

each independently hydrogen, hal ogen, hydroxyl,

nitro, amno, Cl-C6 al kyl, or Cl-C6 al koxyl. Exanples
woaboraxrases | ncl ude oxi ne, 5-nethyl oxi ne, PCT/US2006/046637

5- hydr oxyoxi ne, 5-nitroxine, 5-am noxine,

2-net hyl oxi ne, and the |ike, and conbi nati ons

conprising at | east one of the foregoing oxines.

Hi ghly preferred oxines include oxine and

5- net hyl oxi ne. The al kyl enedi antine |igands, primary

nonoam nes, secondary nonoar ni nes, am noal cohols, and

oxi nes, when present, nay be used at about_0.01 to.

about 25 nol esHp€r 100 nol es of monohydri £Fhenol .

The tertiary nonoapi nes may q§ used at apout 0.1 to

about 1,500 nol es fe Q0 nol s> of Aromotydri

, In addition to ql 10

ni t r ogen EGHeaT NI i gaf

optionally, furthed i

chloride, bromde/ or iodide.Cifen enplo ed, halide

ions may beé su ed to the reaction m xt in the

formof an al kaPl” metal salt or an alkaline earth

nmetal salt at a concentration of about 0.1 nole to
wlaloginl tthd B@vynbine st ey Iemm-bﬁmetstmaiurmfeppdseﬂelai gingle bond to the
rerq%gg%rgtr)f §1|132 é@o@égrb?g%ﬁ? Sﬁ‘gﬂa q:he 2l 0\96(] %g%oﬁ}eaﬁ%'l@ gercent of
coﬂd)lﬁrﬁieh yhding yorapadieg a Mrfﬂlmﬂilmit-d@nt@d ﬁbhiyt[he di#tdidanipheyol may be
at Pe\é%t u? 2 andaﬁ ?eas %Pgiaﬁb S, a rl]eea% Qt)f ut !l? g‘g‘%’p Wﬂsﬁélsthis range, the

\

ex metal
male mzm:emtocrf cep(ﬂman dhains acbokx;ﬁrﬁsn@j aammnmal gétnderieed from the

S ary, npno rn ne entiar e
G EN Tnas Bl B, e atieTBAGAE B coduRl hains
compppmg d mmuri\di ixhit dieritred fiioyd étem;hﬁlr@obmt}eancs with the intrinsic

n QY et e
Vlsm%fg's fgt%% {c}]’( loerrwl goﬁl %he rmhélhong ri c p nlﬁ%r the:@&(%&?ene ether)
COIJlﬂﬁbT;ﬂél‘ ihes ph enmilnsicovmdmsﬁg @rf @Ibyute@ 04 dtb iabouin®.R6 wieeilidereper gram,

ol R Gl A8 EDREER Do By oy O BBARELE percent of

copdﬂgmeeaMIm cdieprinieg i mrtmnaal iand depmd:cyﬁeml thadilydric phenol. In one
th e e

cmgig el'laCel’{t,o gtch%() P’gﬂ?gl e % 1’1 )OECg.;CilTﬁ'P?L: g%/si %}% %.’ltgggi@o\!'ls&glty of about

0.Gotoyatent DA dm;htamler@rgm; mhcb whefeirt the pody(etyehei ather) copolymer

co g)egé)sl al utagbd%o a‘a gs HLP érggnt (%f ocEp%l' nért %tsmltsn gompnsmg a

el i zation, ook nol ar
temnndhynh’dmvpbérwh theod ity dnyel phemcph énale ersbcabrmnt, @h<palp(arylene

eﬂ'{%ﬁ)ogcgp a)%ngreﬁ %1 rl{%%gtr\rrllasﬁg%g}phg Q?c;éig ?taééa X o\%TOgi; §]¢Ci)fr:ciliter per

gram; dtreiawhetabothe pbly(&lykmawthdn) copoiyrserr cnyeises hlgout 30ito about 45

Y, e
oAt S S B i i PR o e
lpdnblp&mnwjf t he di hydric phenol are added to the
reactor before initiating polynerization, and the

In Bﬁ@@#}g@khéhft th® 501%2;&@1%}{% %ﬁg@ggﬁg@%eﬁﬂ%e& ?ggﬁf%fér%é%olecular

weightt ofétabﬂ@t MOQn@r abeiti 6,000 | giowire mayh odiitresst detguningd by gel
P o TR b By b refed e SRR ST yBtin this s,
the weight a‘tdn@ermabculenwa@pmtba mbleastyabpet LH0Q atantic aiawcmts or
.abou S
at SRSt o 2000 RBIC RS BT, /8 Sl B shlle” olRREEpt averae
melgeular wbight 1G9 Ge (i fof drcamts QOQrmema:t megsumy obep ks ebout 4,000
at different stages of the reaction. The
pol yneri zation reaction tine Wll depend on factors
including the identities of the nonohydric and
di hydric phenol, the solvent, the total nonomer
concentration, the catal yst type and concentrati on,
and the oxygen concentration. In one enbodi nment,




such that the catalyst netal ion is present at a

concentration of about 0.0001 to about 0.01 noles

per total noles of nonohydric phenol and dihydric
wopbenshsso Wt hin this range, the catal yst met @CTiN006/046637

concentration may be at |east about 0.0002 nol es per

total noles of nonohydric phenol and di hydric phenol,

or at |east about 0.0005 noles per total noles of

nonohydri c phenol and di hydric phenol. Also within

this range, the catalyst nmetal ion concentration may

be up to about 0.005 noles per total noles of

at&gm hfitsPBEAP o %Bgutd?; Pddj hiofni® ﬁﬁ:@ it Inu &flﬁ&ﬁgltent the

nol es per” t ot nDno ric p
P@Ym@@?ﬂe@ﬂmﬁbmolyﬂmé@atrmﬂw am&molmylaawzghbef about 500 to

abdRE§is0b eforhid MBS Bnitf ad B8 h&hby r%gf b&?ﬁé naetcﬁ%omatogmphy as

cat al yst corrponent s to tOt nono In on
capridi indhr worllies examnplenf W:&na Ithiﬁmngs, bt nowbet mage molecular

wéTEltnatlna& Q,Q ’at @(‘:ats{ g?&%o Aoh d nte, Lugl&n %r g@&@:ﬁth%idug ] dO%natomlc

to total
MRS AREs- Nr@m@we@g@osﬂcw@bwghmﬁ wéiplat m&gedmia«;-ﬂmewmght

it B2 pAIAEH, YN oSl o o

exappirsd Adﬁwwvbm f@rﬁ wBnga thanehbeowkrge mqlmmmg!g hay be up to

ab@QP QtOOBOat&?n@ £ s ﬁ wBONGR.0% J0RCaBRY tl{nﬂgal In one
po y aryl ene et I's no particula

mhpdimepe the Rﬁﬁﬁﬂaéxlm g@&wtcon@mer dws| @ngtxp SOf tweaight average
m&@&a&t {BYEnt @ REANESHE gk Mol Walnd Rl ?i Qﬂ%%m& He Within

speci f concentratio I'n one e
thigangs fhegabe ey Hext &astahonti 2y gWso within this range, the ratio may be
upR8 =¥ 8kt £y LR gRQ'ﬁ&Eﬂi‘@. pol ycar boxyl i c aci ds,
am nopol ycar boxyl i ¢ "aci ds, ami nocarboxylic acids
on arbox | ic_acids, alkali netal salts of the
%ﬂ?&/%emaﬁﬁka )i $RPOSARSThisnRrrighed 4ptlewomolqpalar weight

spécﬂéﬁﬁ@lxﬁgy 6hPsise WL dod! kabis @F?&kcﬁﬁi kRbdoAGer€ar ¥hus, in one

salts of the foregoing acids, and conbi nations

eﬂﬁ&%ﬂ? whege &Fep%lﬁ%}ﬂ‘ieﬁ%ﬁ %t%’@"b’mﬂf £ommgisaig2Atdimsthylphenol

and €hegihodhid ﬁlﬁéﬁbﬂb&rﬁbﬁé&&lﬁﬁﬁtﬂ S—dﬁﬁétﬂ 1-4-hydroxyﬁ7henyl);t3ropane the
i

Eﬁm%%@PEd$ netetraacetlc aci d
po ""égl H@ YRS cFé’mf%i}Sﬁ‘aIOP}Ye a‘éﬁ#twﬁn’@t about 51 359 parts per
millke bweRet boreaRivdB(unfdasrd) ald&diidetﬁwﬁ@hola&&%ﬂ diy about 0.2 to

b %k 2 tal salts of the fare 0|ng aci ds, _an
bt ¢ Ies VEIREE edEToRh Sfe n@l‘?fea"‘ieﬁb @h%b‘&ﬁ Srgimethyl-4-
hya@apphe:gt;pfdpaﬁa abh b biRhéiiraC BY ighs Afbha@prahy Ak bdribed in the
salf of nitrilotriacetic acid. The chel ating
Fxgﬂaeﬁetal ion are present in a nmolar ratio of
about 1.0 to about 1.5. Wthin this range, the nol ar
Thleam'oaohﬂiﬁcb ehaiol| Baﬁtcoqhmmed 1in@PH theo podyi(adymst ethbr) Utopolymer

t, ) east .abo 0 MAthIn this r
prifhity 36 £ LBREIEY Blher, pof, ot ool b B HRerizaion
comhtluns, Zboﬁs oflthe mtmahydlﬁdpmm ma@’lfemi) al diphumeli:@Ba¢ species that

ut i ont cted with
15?ﬁ£¥%Queous sg$ m@#mﬁ %ﬂ?ﬁq¥wﬂ °ﬁ§mampk=“”mm the
monohyidred pliknat cempssqsek auunethpfpham uhd 36: ﬁmy&bsﬂ pher0 Gomprises

2 AP0 GRS, W e S350 comors

ab(ﬁﬁ((),.s ty aksiut I éawelghbmrt:elﬁ Q;@um% gériwakl tifgnn 313j555° reas@Rethyl-4,4°-

vinpdfols “HHER i ESpfhantadtR A hoBee it o s arerien of o arimary or

secoadamtdnnine ehtadystlicomebsdmnthe ol vigryldne ctiiee) afaydhcapefte amine
may be minimzed if the ratio of the polyfinactiona
pol y(aryl ene ether) solution®&ensity to the aqueous
solution density is maintained at about 0.6 to about
1.0.- Wthin this range, the ratio may be at | east
about 0.7, or at |east about 0.9. Another way to
m ni mze dispersion formation is to maintain a
pol yftnrtional poly(arylene ether) solution viscosity



Yet other ways t.0o minimze the chance of dispersion
formation during the chelation step include adding
solvent to the pol yfunctional poly(aryl ene ether)
wobnste@am prior to contacting the pol yfuncti @@alus2006/046637
pol y(aryl ene ether) solution with the chel ati ng agent
aqueous solution; adding water to the m xture of the
pol yfunctional poly(arylene ether) solution and the
chel ati ng agent aqueous sol ution; using a chelating
agent concentration of about 0.01 to about 0.1 weight
percent based on the total weight of the
n [
S o Re e X EGe EhRRheRalidh AR, defigerizing
in gigaireseheyofiy eatﬁly@bmmam don-totylabet (8. @lx(aryéﬂnolﬁher) may
corﬁ ﬁlgﬁrt E& gﬂ&utb?%ﬁ@g}ﬁ#e%&%t o?tlﬁléoréﬁjfa tdl%tgfanﬁne groups

ueous sol tlon of the“c atin

(m@ﬂfiﬁtﬁdl ave N (CTROHLAE Ol )2t 4rd Mm@hbt BMEMR as described in the
LyE e ether) solution with an aqueous sol ution
“m9$ % ﬁﬁé%%?lng agent conprises using the chelatlng

agent in an anmount of about 0.5 to about 50 we
Ong émberimenidea nofy(emyienesthar) dppimen iwherrin alzﬂmfdugrylene ether)

copoyriéd RMmObrddie: &ﬁ&ila{.ﬁ&goo?eﬁ%mzﬁ&{ 8f h®nBRers copsisting 2,6-

particular limt_ on used to Isolate

d’“&%‘ﬁs}(’mi énd Zet-hist3 Sﬁ%@hyh@hdﬁaxaph@ﬁl)gm@pnﬁr in a weight ratio
o | e
[ SBSER 4 bo00, GG She pOSERIICN % Jgﬁ(tﬁ, ! das an i inrinsio

sol ution and the aqueous ution
visepsity oph ahewd Ot 'FP abPliltq i08- flmhﬁ@d Res rgraing ug@su@ﬂcﬁ 25"C in
cmbmfme@ﬁé@m e B@f;’r(&?ﬁl%ﬂe ehiepr E&s&pnéége OHOAvléfalge,C bR 85 to
aryl ene_et he nay be i1 solated f
ab%@f 2rBydeete] srrEps %|m@teéweu§mgwhmiem alne mgb«(wlem ether)
copBBad comphilAbhsout 088 1ol AYRL 7P B! PQdSe! HEL U;g(ﬁym&o chains
exanpl e, devolat|I|Z|ngUextru5|on spray dryin
compprisaRe # farmina) #pt dstiveshirory thy diwdapphenalon, and
conbi nations of the foregoi ng nethods. Devolatilizing

Onexiviiy StoO BhirSctPiias aRt | Jeghéce o Tovd, maReulkh Qvé?ﬁcb dcﬁ? in the
aa

i ques .of U S. Patent 211,327 Bl
polgffhe 50 tropglygicn e o I et fEreppn mfithe paly(arylene
cth@if icypalyneenar gl hedg uﬂ%‘f n'hﬂéfﬁls%rhahfﬁigrl 51 LaréhGe $inkYmoieties.
F of. about 0.04 to out g eciliter per gramat 25C
o R P IFFVof REH EHShy renphwotlgrGopfrhuge one aromatic

ringy nﬁﬁﬂ)ﬁ,l d yhin@stived fadm b&ﬂ@dri%ﬁﬂiéhoﬂv&ﬁd @Bhtkibitctivolt@ématic ring
ram Also wthin this range, the |ntr|nS|c VISCOSIt
ol g, 7l dapied 9 2 HRRTORYIBPapBOU PRGBS o aomatic

nn@hﬁblibtlas 09THe Cipdantificati®i ghaba dﬂé@zﬁ’;phﬂ@dg fsibg gel permeatlon
l.Low | evel.s of. .chelatin ent, fhe thod is

chriupiop Pl it GORBREOR P TEOH ABRTY AneiDh 45 dougibalyl fie workin
exapplal Thug, hewel aﬁbcaimﬂnpml ¥ fpongidynal et} Yol ither) Qvherein the

pm}ﬁéﬂ&f%ﬂ 8§1h§ngpp<glg|9r{]9( allsy glg{'ggi{llﬁg Lhe gtg\!'eatcsgolymenzatlon of

mofanae Ntdiaid g af mbnyc;ﬁsd ph&ic arQIf a adiBYdric? ph&oa,b Qferedn the

o3 st et conplitey beb g FiseicRaparsaT Bhow it Foabout 0.15

decﬂilﬁmjdfrsgrﬁm, nﬂ%bﬁﬂﬁ lay QB‘}C %DBEIde’fom ZivA8rein the poly(arylene ether)
6- di net hyphen and 2- blsgﬁ dlneth 1-
°°“2Pf+?§%r%wﬁ % E*Q?ﬁ % plafh et°| #boup |2, Sptdrons EFR%‘PB (RSE dpelecye; and
whﬂemaﬂhamtﬁir(a@@é’fw bthef) CopORBRY doRiprABS aBout 10 to about 75 weight
en cont ning ligand to forma solution -
per fﬁﬁ? Wﬁﬁa}g bé Vo apis aremnaiic fEig) mpiglies gWithin
the @itrihsit Nxfﬁ:%bl@y ¥inpe Q¥iclo4 Rf 0.2 %Elliger%rtg?m@btﬁetm@ingé viscosity -
deciliter per gramat 25C in chloroforn and
contacting the bifunctional poly(aryl ene ether)
solution with an aqueous solution of nitrilotriacetic
acid trisodiumsalt to extract the copper ion from
the solution; wherein the nitrilotriacetic acid
trisodiumsalt and copper ion are present in a nolar
ratio of about 1.1 to about 1.4; wherein the 2, 6-




23 WD 2007/ 067669PCT/[ US2006/ 046637 copper |evels

|l ess than 3.5 parts per mllion. (Wen the copper

content exceeds 5 parts per mllion by weight, the
woNbey/@ma@dbt i on and equilibration step may be rregaEs2ed/046637

with 15 mnutes agitation and 2 hours w thout

agitation.) The light (organic, poly(arylene

et her)--contai ning) phase was transferred-to a drum

The pol ynerization conditions are summarized in Table

3. Polyfunctional poly(arylene ether) solids were

isolated by a total isolation procedure that
m e . . Lotar ,

O O s gk g S, LA thage ot.0.0¢ 10 015
depifiies st gepnp.rfhe infrissig viseesity tay demimecktvat 842 aleciliidR per gram,

j g ) LtV lnc _ : y -
Orqﬁtﬂ Oﬁi ab:o%&‘ :Ur':](%:go ?g%#lge% éagr k%l‘%ﬂ.e g&?&%@\}lﬁ%d;a?lgg :ﬁtrt]‘talg?gt]ap% to about 2
h; Pred pRrmolgade. e npmbeat ofThyidRA M igoduifs ‘ber molecule may be at
" : S a r .of i nal .
PR ISP it L0 MR ok ) s 1 o
pe@g@ibq:@qaﬁgo weemthainsopranprising) 1stol  groofatici nireamoieties, the weight

_ i: rpinal . hydroxyl gro
re SRR L A 13 1S B 948t o
aboyt v pightperdenti bulephtaahouh 60 (Weight pereent,hr npeiogitiout 60 weight
' ' ti t enyl.ene et her.
Pl B AL O N A ARSI 08 B e vy
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chloroform; 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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abqnﬁrﬂ'}') Ipm}r@_er ﬁabodlment, the poly(arylene ether) copolymer has an intrinsic
 viscosity of about 0.04 to about 0.06 deciliter per gram, measured at 25°C in

chioroform, 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 moicties. 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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hydrocarbon solvent in the presence of a catalyst comprising a metal jon 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 cther)
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. In ‘the process of research on methods of preparing
poly(arylene ether) resins having low intrinsic viscosity and high functionality, the
present inventors discovered that conventional methods of extracting catalyst metal
ion from a solution of the poly(arylene ether) resulted in the formation of a dispersion
that made it difficult to separate the catalyst metal ion from the poly(arylene ether). In
particular, when a poly(arylene ether) having an intrinsic viscosity of 0.04 to about 0.3
deciliter per gram and a functionality of at least about 1.5 terminal hydroxyl groups,
on average, per chaiﬁ, was synthesized by metal-catalyzed polymerization of phenolic
mononiers in an aromatic solvent, and when the resulting solution of poly(arylene
ether) was treated with an aqueous solution of a chelating agent to remove the catalyst
metal ion, the agitated mixture of the poly(arylene ether) solution and the agueous
chelatmg agent solution formed a dispersion that did not readily phase separate when
agitation was ceased. Thus, the aqueous solution containing the catalyst metal ion and
the organic solution containing the poly(arylene ether) could not readily be separated.
After extensive research, the present invemtors discovered the formation of a
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 aﬁequately 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,

12



4 240 738 - 7.28 PPE-OH 2 121 6.36 - .6.24 PPE-Tail
3 121 7.28 - 6.98 PPE-DBA-OH 2

WO 2007/067669 _ PCT/US2006/846637

The menohydric phenol and the dihydric phenol are described above. Suitable
aromatic hydrocarbon solvents include, for example, benzene, toluene, xylenes, and
the like, and combinations thereof. In one embediment, the aromatic hydrocarbon
solvent comprises toluene. In addition to the aromatic hydrocarbon solvent, the
solvent may, optionally, further comprise a C3-Cz aliphatic alcohol that is a poor
solvent for the poly(arylene ether), such as, for example, n-propanol, isopropanol, n-
butanol, t-butanol, n-pentanol, and the like, and combinations thereof. A preferred
C3-Cy aliphatic alcohol is n-butanol. The solvent may further comprise, in addition to
a C6-Cy3 aromatic hydrocarbon and a C;-Cy aliphatic alcohol, methanol or ethanof,
which act as an anti-solvent for the poly(arylene ether). The Ce-Ciy aromatic
hydrocarbon, the C;-Cg aliphatic alcohol, and the methanol or ethanol may be
combined in a wide range of proportions, but it may be preferred that the solvent

comprise at least about 50 weight percent of the Cs-Chz aromatic hydrocarbon.

Although there is po particular limit on the concentrations of the monohydric phenol
and the dihydric phenol in the aromatic hydrocarbon solvent, it is preferred to achieve
a balance between the increased efficiency of higher monomer concentrations and the
easy-to-handle sclution viscosities associated with lower monomer concentrations. In
one embodiment, the monohydric phenol, the dihydric phenol, and the solvent are
used in amounts such that the ratio of the total weight of the monohydric phenol and
the dihydric phenol to the total weight of t_he monohydric phenol, the dihydric phenol,
and the solvent is about 0.1:1 to about 0.5:1. Within this range, the ratio may be at
least about 0.2:1, or at least about 0.23:1, or at least about 0.26:1. Also within this
range, the ratio may be up to about ¢.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
dityydric phenol in an aromatic hydrocarbon solvent in the presencé 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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Table 2 Time H20 (% MeOH THF (% (min) (/o) 0.50
50 0 2 50 50

WO 2007/067669 PCT/US2006/046637

Suitable secondary monoamines include secondary monoamines having the structure
(RONRYNH, wherein R° and R¢ are each ndependently a C-C; alkyl group, with the
proviso that R® and R collectively have a total of four to twelve carbon atoms.r
Examples of secondary monoamines include di-n-propylamine, n-propyl-n-
butylamine, di-n-butylamine, d-t-butylamine, n-butyl-n-penylamine, di-n-hexy!mﬁine,
and the like, with di-n-butylamine being preferred. |

Suitable tertiary monoamines include tertiary monoamines having the structure
RHRIREN, wherein R® and Rf and RE are each independently a C,-Cy4 alkyl group,
with the proviso that R® and R and R® collectively have z total of four to eighteen
carbon atoms. Examples of tertiary monoamines include triethylamine, fri-n-
propylamine, iri-n-butylamine, dimethyl-n-butylamine, dimethyl-n-penylamine,
diethyl-n-butylamine, tricyclohexylamine, and the like. In addition, cj:clic tertiary
amines, such as pyridine, alpha-collidine, gamma-picoline,.and the like, can be used.
Highly preferred tertiary monoamines include dimethyl-n—butylamine. Additional
primary, secondary, and tertiary amines are described in U.S. Patent Nos. 3,306,874 . ‘
~ and 3,306,875 to Hay. '

Suitable aminoalcobols include C4-C)j, aminoalcohols having one nitrogen atom and
an alcohol oxygen, wherein at least two carbon atoms separate the amino nitrogen and
the alcohol oxygen. Examples of 'aminoaloéhols include N,N-diethylethanolamine, 4-
butanolamine, N-methyl-4-butanolamine, diethanolamine, triethanolamine, N-phenyl-
ethanolamine, and the like, and combinations comprising at lcast 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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OH

wherein R'-R® are each independently hydrogen, halogen, hydroxyl, nitro, amino,
C1-Cs alkyl, or C,-Cg alkoxyl. Examples of oxines include oxine, 5-methyloxine,
5-hydroxyoxine, 5-pitroxine, S-aminoxine, 2-methyloxine, and the like, and
combinations comprising at least one of the foregoing oxines. Highly preferred

oxines include oxine and 5-methyloxine,

The alkylenediamine ligands, primary monoamines, secondary monoamines,
aminoalcohols, and oxines, when present, may be used at about 0.01 to about 25
moles per 100 moles of monohydric phenol. The tertiary monoamines may be used at
about 0.1 to about 1,500 moles per 100 moles of monohydric phenol. |

In addition to the metal ion and the nitrogen-containing ligand, the catalyst may,
optionally, further include a halide ion such as chloride, bromide, or iodide. When
employed, halide ions may be supplied to the reaction mixture in the form of an alkali
metal salt 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 dixﬁethyi-n——butylamine.

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

phenol and all of the dihydric phenol are added to the reactor before initiating
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The polymerization reaction time will depend on factors including the identities of the

monohydric and dihydric phenol, the solvent, the total monomer concentration, the
catalyst fype and concentration, and the oxygen concentraﬁqn. In one 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 Oz 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 monohydﬁc phenol and dihydric phenol, or at least about
0.5 moles Oz 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 O3 per hour per
total moles of monchydric 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 pi'esent at a concentration of about 0.0001 to about
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Monomer solution to prepare and add to reactor:
2,6-Xylenol 42.3 kg 41.7 kg 38.2 kg 38.2 kg TMBPA
5.03 kg 8.53 kg 12.07 kg
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0.01 moles per total moles of monohydric phenol and dihydric phenol. Withiﬁ this
1ange, the catalyst metal ion concentration may be at least about 0.0002 moles per
total moles of monohydric phenol and dihydric phenol, or at least about 0.0005 moles
per total moles of monohydric phenol and dihydric phenol. Also within this range, the
catalyst metal ton concentration may be up to about 0.005 moles per total moles of
monohydric phenol and dihydric phenol, or up to about 0.002 moles per total moles of
monohydric phenot and dihydric phenol. The catalyst amount may also be specified
in terms of the weight ratio of total catalyst components to total monomer. Thus, in
one embodiment, the ratio of total moles of catalyst metal ion, nitrogen-containing
ligand, and halide ion to total moles of monohydric phenol and dihydric phenol is
about 0.005 to about 0.5.

The method may be run on any scale, ranging from laboratory scale to commercial
production scale. In one embodiment, method may be run on a batch scale
corresponding to about 70 to about 80,000 pounds of the polyfunctional poly(arylene
ether).

There is no particular limit bn the type of chelating agent used, as long is it is effective
to sequester the catalyst metal ion at the specified concentration. In one embodiment,
the chelating agent is selected from. polyalkylenepolyamine polycarboxylic acids,
aminopolycarboxylic acids, aminocarboxylic acids, polycarboxylic écids, alkali metal
salts of the foregoing acids, alkaline earth metal salis 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 carth 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 1.053, 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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12. 07 kg Tol uene 50.26 kg 50.26 kg 50.26 kg 50.26 kg

Initial toluene to add to reactor 54.34 kg 54. 34 kg

54.34 kg 54.34 kg DBA to add to reactor 503.8 g 503.8
w02083/0876303. 8 : PCT/US2006/046637

In one embodiment, the polyﬁmcfiona‘l poly(arylehe ether) solution may be contacted
with the agneous solution of a chelating agent is conducted at a temperature of about
30 to about 90°C. Within this range, the temperature may be at least about 50°C, or at
ieast about 60°C, or at least about 65°C, or at least gbout 70°C. Also within this
range, the temperature may be up to about 85°C, or up to about 80°C., '

The present inventors have determined that formation of a dispersion during the
chelation step may be minimized if the ratio of the polyfunctional poly{arylene ether)
solution density to the aqueous solution density is maintained at about 0.6 to about
1.0. Within this range, the ratio may be at least about 0.7, or at least about 0.9.
Another way to minimize dispersion formation is to maintain a polyfunctional
poly(arylene ether) solution viscosity of about 0.5 to about 3,000 centipoise. Within
this range, the viscosity may be at least about 5 centipoise, or at least about 10
centipoise. Also within this range, the viscosity may be up to about 2,000 centipoise,
or up to about 500 centipoise. Another way to minimize dispersion formation is to
maintain a ratio of the polyfunctional poly(arylene ethér) sohation viscosity to the
aqueous solution viscosity of about 0.3 to about 3,000. Within this range, the ratio
may be at least about 5, or at least about 10. Also within this range, the ratio may be
up to about 2,000, or up to about 500.

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
agueous che!aﬁng 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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DVBA to add to reactor 1175.6g 1175.6g 1175. 6g
1175.6g.Diamne mx to add to reactor (30% DBEDA, 15%
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wOCal7akys? to add to reactor: HBr, 48% solPamitsa006/046637

kilojoule per kilogram, or at least 1.5 kilojoules per kilogram. Also within this range,
the mixing energy may be up to about 20 kilojoules per kilogram, or up to about 15
kilojoules per kilogram.

While some agitation in the chelation step is necessary to effectively conduct that step,
it is possible to seleéf agitation conditions that minimize dispersion formation. In one
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 for about 5 to about 120 minutes. Within
this range, the agitation time may be at least about 15 minutes, or at least about 30
minutes. Also within this raﬁge, the agitation time may be up about 90 minutes, or up

to about 60 minutes.

Chelation and separation can be improved by including a period of agitation-less
contact of the polyfunctional poly(arylene ether) solution and the aqueous chelating
agent solution. Thus, in one embodiment, contacting the polyfunctional poly(arylene
ether) solution with an aqueous solution of a chelating agent comprises agitating the
polyﬁmctioﬁal poly(arylene ether) solution with the aqueous solution, and
subsequently leaving the polyfunctional poly{arylene ether) solution and the aqueous
solution in contact without agitation for about 1 to about 30 hours. Within this range,
the period of agitation-less contact may be at least about 4 hours, or at least about 8

" hours. Also within this 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
aqueouns solution; adding water to the mixture of the polyfinctional poly(arylene
other) 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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353.3 g 353.3 g 3533 g 353.3 g Cu20 24.6 g 24.6 g
24.6 g 24.6' Nitrogen flow 3.40 SCVvH 4.25 SCWVH

4.25 SCVMH  4.25 SCVH Reactor tenperature 30C
WO 2007/067669 : PCT/US2606/046637

agent. In one embodiment , contacting the polyfunctional poly(arylene ether) solution
with an agueous solution of a chelating agent comprises using the chelating agent in
an amount of about 0.5 to about 50 weight percent baéed on the total weight of the
aqueous solution of the chelating agent.

There is no particular limit on the method used to isolate the poly(arylene ether) once
the chelation step is completed. For example, the poly{arylene ether) solution and the
aqueous chelating agent solution majr be separated with a liquid-liquid centrifuge.
Once this separation has been effected, the polyfunctional poly(arylene ether) may be
isolated from the poly(aryiene ether) solution using a total isolation method. Suitable
total isolation methods include, for example, devolatilizing extrusion, spray drying,
wiped film evaporation, flake evaporation, and combinations of the foregoing
methods. Devolatilizing extrusion is presently preferred, and the specific techniques
of U.S. Patent No. 6,211,327 B1 to Braat et al. may be employed. The isolated
polyfunctional poly(arylene ether) may have an intrinsic viscosity of about 0.04 to
abouf 0.15 deciliter per gram at 25°C in chloroform. Within this range, the intrinsic
viscosity may be at least 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 low levels of chelating agent; the method is effective to reduce
the concentration of catalyst 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-dimethypheno! and 2,2-bis(3,5-dimethyl-
4-hydroxypbenyl)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 agueous 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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30C 42C 42C Reactor agitator speed 500 rpm 500 rpm

500 rpm 500 rpm End of exothertn time 160 mn 101 ram
96 min 96 mn % Oxygen in overhead during exotherrn
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copper ion are present in a molar ratio of about 1.1 to about 1.4 wherein the 2,6-
dimethyphenol, 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 welght 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 bifunctionatl 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 niinutes, with a mixing energy of about 5 to about 15 kilojoules per
kilogram total .of the bifunctional poly(arylene ether) solution and the aquebus
solution; wherein said contacting the bifunctional poly(arylene ether) solution with an
aqueous solution of nitrilotriacetic acid trisodinm salt comprises maintaining a ratio of
a bifunctional poly(arylene ether) solution viscosity to an agueous 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 majntaining a raiio of a bifunctional poly(arylene ether) solution density to

an aqueous soluiion density of about 0.8 to about 1.0.
The invention is further illustrated by the following non-limiting examples.
EXAMPLES 1-4

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 demonsirate 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 moﬁome;' 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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monomer solution was prepared by adding toluene and 2,6-xylenol to a drum, heating
fo 60°C, and then adding TMBPA and stirring until all the TMBPA had dissolved.
After the monomer solution was piepared, the reactor was purged with nitrogen and
charged with additional toluene (54.34 kg). The monomer solution was then added to
the reactor, followed by «catalyst componenis dibutylamine (“DBA™),
dimethylbutylamine (“DMBA™), a previously blended “diamine mix” of N,N’-
dibutylethylenediamine (“DBEDA™) and didecyl dimethyl ammonium chloride
(*PTA”) and toluene, and a previously blended mixture of cuprous oxide (“Cu,0”)
and aqueous hydrogen bromide (“HBr”). At reaction time zero, the oxygen flow rate
was initiated and ramped up to 3.40 standard cubic meters per hour (SCMH) in 0.28
SCMH incremenis, making sure that the headspace oxygen concentration never
exceeded 13%. After 65 minutes, the reaction mixture was heated so as to attain a
temperature of 49°C at 80 mimues. Afier the “end of exotherm time™ listed in Table
1, the oxygen flow was decreased to maintain a headspace oxygen concentration
belo{v 20%. About 20 to 30 minutes afier decreasing the oxygen flow, a sample of the
reaction mixture was removed o analyze intrinsic viscosity, percent solids, hydroxyl
‘content, residual 2.6-xylenol, and residual TMBPA. The reaction temperature was
increased to 60°C, and the reaction mixture was pumped to a different tank for copper
removal and thermal equilibration. A solution having the Table 1 amount of
trisodium nitrilotriacetate acid (“NazNTA™) in water was prepared and added with
agitation to the reaction mixture, the temperature of which had been increased to
74°C. After two hours, a small sample was removed for visnal inspection. The
sample from Example 1 had emulsified. Samples from Examples 2-4 initially had
clearly separated aqueous and organic layers. (For Example 1, additional portions of
NazNTA solution and toluene were added simultaneously and the mixture was

agitated at 74°C for 15 minutes. For Exampie 2, additional Na;NTA solution was 7
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 mixfure was 1l:lhen left at 74°C for about 12 hours withont 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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% solids in reactor 29.4% 29. 3% 29. 6% 29. 9% Fi rst NTA

addi tion (kg of 40% Na3NTA sol ution) 2.05 kg 0.318 kg

0.318 kg 0.318 kg Visual confirmation of heavy phase
wobknoresided ed Separ at ed Separ at ed Separ at ed PCT/US2006/046637

copper levels less than 3.5 parts per million. (When the copper content exceeds 5
parts pér million by weight, the NTA addition and equilibration step may be repeated
with 15 minates agitation and 2 hours without agitation.} The light (organic,
poly{arylene ether)-containing) phase was transferred to a drum. The polymenzatlon

conditions are summarized in Table 3.

Pelyfunctional poly(arylene ether) solids were isolated by a total isolation procedure

that consisted of solvent evaporation on a rotary evaporator and oven drying.

The following properties, presented in Table 4, were determined based on 'H NMR
data: “Functionaiity”, “Incorporated dibutylamine (wit%)”, “Incorporated biphenyl
(wt%)”, “Intemal TMBPA (mol%)”, and “Terminal TMBPA (mol%)”.
“Functionality” is the average number of terminal hydroxyl groups per copolymer
chain. For example, a copolymer sample consisting solely of linear copolymer
molecules having a terminal hydroxyl group at each end would have a functionality of
2. “Incorporated dibutylamine (wi%)” is the weight percent of dibutylamino-
substituted phenylene ether groups incorporated into the copolymer, based on the total
weight of copolymer. The dibutylamino-substituted phenylene ether groups have a
formula weight based on the structure

H,C— N(CH,CH,CH,CH3),
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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addition (kg of 40% Na3NTA solution) 1.8 kg 0.32 kg -

0.32 kg Visual confirmation of heavy phase Separated
wo208apasat ed Copper content : _ PCT/US2006/046637

wherein the wavy lines represent bonds to the remainder of the copolymer chain. The
weight percent of “incorporated biphenyl” is based on the total weight of copolymer.
“Internal TMBPA. (mol%)” is the mole percent of TMBPA incorporated as interﬁal
(divalent) repeating units into the copolymer,r based on the total moles of “internal
TMBPA™ and “terminal TMBPA™. An internal TMBPA unit has the structure

wherein the two wavy lines represent bonds to the remainder of the copolymer chain.
“Terminal TMBPA” 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 structuze

WVArQ \ / ' \ / OH

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

“Functionality” was determined as follows. "H NMR chemicat shift values for
terminal and internal units are presented in Table 1. Integrated TH NMR peak

25



2.9 ppm-- 7 PPin Third NTA addition (kg of 40%

Na3NTA solution) - - -- 0.32 kg Visual confirnmation
of heavy phase -- -- - Emulsified Copper content --
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areas, narmalized for the number of protons generating the -peak, were
determined for reson'ances corresponding to the following terminal groups:
terminal phenolic residues derived from 2,6-dimethylphenol ("PPE-CH” in
Table 1), terminal phenolic residues derived from TMBPA ("TMBPA-OH in
Tabie 1), terminal phenolic resonances comresponding to terminal
dibutylamine-substituted phenolic groups derived from 2,6-dimethylphenol
and DBA catalyst (“PPE-DBA-OH” in Table 1), and terminal 2,6-
dimethylphenyl groups (“PPE tail’ in Table 1). Similarly, integrated peak
areas, normalized for the number of profons generating the peak, were
- determined for resonances corresponding to the following intemal groups:
2,6-dimethyl-1,4-phenylene ether units derived from 2,6-dimethyiphenol
(“PPE” in Table 1), divalent groups derived from 3,3°,5,5-tetramethyl-4,4"-
biphenol (“Biphenyl” in Table 1), and divalent units derived from TMBPA
(“TMBPA” in Table 1). Notie that a negligible signal was observed for divalent
units corresponding to dibutylamine-substituted phenolic groups derived from
2,6-dimethylphenol and DBA catalyst (“PPE-DBA” in Table 1). Similar!-y, a
negligible signal was observed for monovalent units corresponding to terminal
groups derived from 3,3',5,5-tetramethyl-4,4"-biphenol. The funclionality is
calculated by taking the sum of normalized peak areas for all terminat
phenolic resonances, then dividing by the sum of normalized peak areas for
all terminal resonances, then multiplying by 2.

Table 1

HNMR

Chemical
Component Number | Formula |Shift Integral

Internal Terminal Protons | Weight jRegion (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-QOH 2 283 6.84 - 6.75

26



-- -- 5.8 ppm Addi tional toluene added - 360 kg -- --
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“Incorporated dibutylamine (wt%)” was calculated as follows. The normalized peak
area for each internal and terminal group was multiplied by its formula weight (in
atomic mass units) to give a formula-weighted peak area for each group. The
“incorporated dibutylamine (wt%}Y” was calculated by adding therformula—weighted
peak areas for the terminal phenolic resonance comresponding to terminal
dibutylamine-substituted phenolic groups derived from 2,6-dimethylphenol and DBA
catalyst, then dividing by the sum of the formula-weighted peak areas for all internal
and terminal groups. In this calculation, the formula-weighted peak area fof units
containing incorporated dibutylamine is based on a formula weight of 248 atomic

mass units for the dibutylamino-substituted phenylene ether gréup described above.

“Incorporated biphenyl (wt%)” was similarly calculated by dividing the formula-
weighted peak area for internal phenolic groups derived ﬁom 3,3%,5,5"-tetramethyl-
4,4’-biphenol by the sum of the formula-weighted peak areas for all internal and
terminal groups.

“Internal TMBPA (mol%)” was calculated by dividing the normalized peak area for
internal TMBPA units by the sum of the normalized peak areas for internal and .
terminal TMBPA units. Similarly, “terminal TMBPA (mol%)” was calculated by
dividing the normalized peak area 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 columm
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. Thé 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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were used for separation of the sample. The detection wavelength was set at 280
nanometers. The data were acquiied and processed using Agilent ChemStation with
integrated GPC data analysis software. The molecular weight distribution results were
calibrated with polystyrene standards. The results are reported without any correction
as “M, (AMU) by GPC” and “M,, (AMU) by GPC” in Table 4.

The copolymer samples were separated into individual copolymer fractions via a
gradient elution HPLC method specifically developed for this purpose. The HPLC
system was an Agilent Series 1100 system, including vacuum degasser, quaternary
pump, autosampler, thermostatted column compartment and a diode array detector.
The separating column was a 150 millimeter long by 4.6 millimeter inner diameter
. Inertsil 5 ODS-3 column; the detection wavelength was 280 nanometers. The injection
volume used was 2 microliters and the sample concentration was 20
milligrams/milliliter in tetrahydrofuran (“THF”). No additional sample preparation
was performed. The resolution was improved by a programmed gradual change of the
eluent liquid composition as listed in Table 2; between the points listed in Table 2 the
eluent composition changed 1inéar1y. The individual peaks in the resulting
chromatogram were identified based on mass spectral data obtained from the coupling
of HPLC and negative ionization atmospheric pressure chemical ionization-mass
specirometry (APCI-MS). For peak quantitation, the integrated areas from
components containing an equal number of phenyl groups (“ardmatic 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 (wi%)”
represents the weight percent of the sample containiﬁg 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 wéight.

Table 2

Time H20 (%) MeOH THF (%)
{min) (%)

0 50 50 0

2 50 50 4]

28
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The residual (unreacted) monomer (2,6-xylenol and TMBPA) concentrations in the
copolymer resins were determined by gas chromatography with a mass spectrometer
detector (GCMS}. The Agilent GCMS system used consisted of an autosampler, an
Agilent 5890 GC, an electron jonization jon source, .and a quadrupole mass analyzer.
A GC column (SGC BPXS, 25 millimeter length, 0.22 millimeter internal diameter, 1
micron film thickness) was used to perform the separations. Sample solutions were
prepared by dissolving 0.4 gram of sample in 20 milliliters chloroform. Sample
solutions were injected into GC under spiitless mode. The inlet temperature was seft at
280°C. The GC oven temperature was ramped from 45°C to 310°C at 10°C/minute
and held for 23.5 minutes. Helium was used as carrier gas with 0.9 milliliter/minute
flow rate. The mass analyzer was operated under select ion monitoring (SIM) mode
for detection. The analytes were detected at 85 atomic mass units (AMU) for decane
(used as intemal standard), 107 AMU for 2,6-xylenol, and 269 AMU for TMBPA.
Under the conditions listed above, the observed retention times for decane, 2,6-
- xylenol, and TMBPA were 8.68, 10.45, and 24.62 minutes, respectively. The method
was calibrated with a series of monomer standard solutions of various 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 417 kg 382 kg 38.2 kg
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1.90 1.91 1.92 1.91 Incorporated dibutylamne (W%

Table 4

30

0.50 1.05 0.86 0.91 Incorporated biphenyl (wt% 1.25
0.83 0.68 0.75 Internal TMBPA (mol % 74
WO 2007/067669 PCT/US2006/046637
TMBPA 5.03 kg 8.53kg | 12.07kgi 12.07kg
Toluene 5026kg| 5026ke| 5026kg! 50.26kg
Initial toluene to add to reactor 5434kel 5434kp| 5434kg| 5434k
DBA to add to reactor 503.8 g 503.8 503.8 503.8
DMBA to add to reactor 1175.6g| 1175.6g| 11756g! 1175.6
Diamine mix to add to reacior 2645 ¢ 264.5g 2645¢g 2645g
(30% DBEDA, 15% PTA, 55%
‘Toluene) '
Catalyst to add to reactor:
HBt, 48% solution 3533 g 3533 g 3533 ¢g 3533 g |
Cu,O 24.6 g 24.6 246 g 246 g
Nitrogen flow 340 4.25 4.25 4.25
SCMH SCMH SCMH SCMH
Reactor temperature 30°C 30°C 42°C 42°C
Reactor agitator speed 500 rpm 500 ripm 500 rpm 500 rpm
End of exotherm time 160 min 101 min 96 min 96 min
% Oxygen in overhead during 13% 13% 13.5% 14%
exotherm
% Oxygen in overhead after 21% 20% 18% 19%
exotherm
Oxygen flow after exotherm 0.42 0.42 0.42 0.42
SCMH SCMH SCMH S5CMi1
IV on sample out of the reactor 0.117dVg | 0.075dl/g | 0.066 dl/g | 0.065 dl/g
% solids in reactor _294% 29.3% 29.6% 29.9%
First NTA addition (kg of 40% 205kg! 0318kg| 03i8kg| 0318kg
Na;NTA solution)
Visual confirmation of heavy Emulsified | Separated | Separated | Separated
1 phase
Copper content >20 ppm 3 ppm >20 ppm
Second NTA addition (kg of 1.8kg 032 kg - 032kg
40% NasNTA solufion)
Visual confirmation of heavy -~ | Separated ~ | Separated
phase
Copper content _ - 2.9 ppm -- 7 ppm
Third NTA addition (kg of 40% - - - 0.32 kg
MNasNTA 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 4311
Final copper content 1.1 ppm 2.9 ppm. 2.8 ppm 3.5 ppm
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Final product IV 0.116 0.087 0.067 0.063
dL/g dL/g dL/g dL/g

M, (AMU) by GPC 1921 1198 799 774

M, (AMU) by GPC 4378 2477 1690 | 1642

Functionality 1.90 1.91 1.92 1.91

Incorporated dibutylamine (wi%) 0.50 1.05 0.86 0.91

Incorporated biphenyl {wt%) 1.25 0.83 0.68 0.75

Internal TMBPA (mol%) 74 55 41 .41

Terminal TMBPA (mol%%) 26 45 59 59

Unreacted TMBPA (ppm) 2019 8755 22702 26488

Unreacted 2,6-xylencl (ppm) 154 305 537 1349

Cumulative weight percent up to 143 34.5 52.9 51.7

17 aromatic ring moieties (Wi%)

Highest no. of aromatic ring 13 7 5 5

moieties in the 10 weight percent

of the sample corresponding to

the lowest molecular weight

~ While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof withoﬁt departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
sitnation or material to the teachings of the iﬁvantion 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 “@” 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 othexwise indicated herein
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537 1349 Cumul ative wei ght percent up to 17 aromatic

ring noieties (ww% 14.3 34.5 52.9 51.7 Hi ghest no.

of aromatic ring noieties in the 10 wei ght percent of
wothe/wsawpl e corresponding to the | owest nol e®aIrars2006/046637

weight 13 7 55 Wile the invention has been

described with reference to a preferred enbodi nent,

it will be understood by those skilled in the art

that various changes nay be nade and equi val ents may

be substituted for elenents thereof wthout departing

fromthe scope of the invention. In addition, many

0 r
or B oHRAEIR PSS RS PRAY Rt Y s st
“firdt/\Veatndll” aid the like derrim 4o ngt denote aryeorders awTitAY, 0§ @@B@Wmce
reof . Th i t t »
but ﬁ%serb%re usﬁld ? %gl s?o Sh one lélg%fﬁar enétl;Ila g{erre ﬂ?‘e | %)fs 2a[bou
usediin ¢dmebitat with delwtmbfeﬁpicmsed: dfdhe statedyialng a@dth&@ Hiegneaning
ent i t e.i t n n
oy 88 o5l R R R BOTM TRk el i
memhgimemt ofihk peiticathrpabetiyys, patent applications, and

ot her- references are incorporated herein by reference
in their entirety.
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Al'l ranges disclosed herein are inclusive of the
endpoints, and the endpoints are conbi nable with each
ot her. The use of the terns "a" -and "an" and "t he"
and simlar referents in the context of describing
the invention (especially in the context of the
followng clains) are to be construed to cover both -
' Cﬁ he singular and the plural, unless otherw se
MWdf-cated herein or clearly contradicted by context.
Further, it should further be noted that the terns
“firlst," A'mécantnt ctherficdpolnier,ke herein do not denote
any order, quantity, or inportance, but rather are
used. to.di.stinguish. o0 I r n cafl :
o Bt i, R T W SR (R B BARE o Do
copslyinadtatiss \o rofndntees strapiesthgy al mmenochydtichplsentlh endre ahivdge
di ﬁ,t ated by the context (e.g., it includes the degree
pht‘f’lm?error associ ated wi th neasurenent of the
particul ar quantity). d ains: 1. A
pol wharid @neolytdrgene alopbtopaiymer has an ingineiceiisodtiet abou
| y{aryl.ene.ether) copalyner st [ ct of
oo d S B e bbb SR 8RRt 31 g
nonohydri c phenol and a di hydric phenol;
whemdemint the pplylayflemeyétharp canprised, cocpyelgaabolidst tnabout 2
' i NSi.C Vi SGOSi { f about 0.04 to about 0.15
hyg@%{llg%fuggp%él?&%c?l!fmxna?reasur ed at 25C in chloroform
wherein the poly(aryl ene ether) conprises, on
avewrhgein thbpoly(aylgnd eherh sopolgnnyadmpxigds apowiujfs topehout 70

P sEEser Smer st SEFbEhYS BELKCLY! B8R AGh

ditpflricgpoblymer chains conprising a termnal unit
derived fromthe dihydric phenol. 2. The

Pty o T PR APl Bf ik, Wdrei BEBhoh b
phenob injsefestil Fipte Aatsthstpigndl Rstdigiepbipheto), 2,6-dimethylphienol,
2,3?6-§im%fh‘y[ﬂh£%ﬁ,%h ROG&BQhorn2 R GeNbi nati ons thereof.

3. The poly(arylene ether) copolymer of claim 1, wherein the dihydric

phenotl has the structure

R! R? R2 R}

HO

R! R2

wherein each oceurrence of R' and R? is independently hydrogen, halogen, primary or
secondary Ci-Cia alkyl, C-Cy3 alkenyl, Ci-C)z alkynyl, Ci-Cy2 aminoalkyl, Ci-Cj,
hydroxyalkyi, Cs-Cra afyi, C-Cy2 haloalkyl, C1-Ci; hydrocarbonoxy, or Cp-Ciy
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
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3. The poly(arylene ether) copolynmer of claim1,
wherein the di hydric phenol has the structure

wherei n each occurrence of RI and R2 is independently
hydr ogen, hal ogen, primary or secondary Cl-Cl2 al kyl,
Cl1-C12 al kenyl, Ci1-C12 al kynyl, am noal kyl, Ci1-C12
hyci roxyal kyl , C6-Cl2 aryl, Cl1-Cl12 hal oal kyl, Ci1-C12

hydr ocar bangxy, or(r-C: 2 hal ohydrocar bonoxy wherein
mﬁ%m}gg@ﬁzfﬁgog%FWGE?ﬁfﬂﬁﬁﬁégﬁﬁrate t he hal ogen and

oxygen atons; z is O or |I; and Y is selected from
¥l e RSOSRE00 Ig 1111 sS, s,%¥and -1- R3 wherejn each?
-0 rre f_i%LJELﬁs_Lndkpend&nLLymhydtogln_ﬁﬁ_Li~_
-C12 hydrocarbyl . 4. The poly(arylene ether)|

cbpolyner of claiml, wherein the nonohydri-c pheno

conprises 2, 6-di ngt hyl phenol .and the dihydric pheno
whesip£acs @gcw;egaemfg\‘? R°gs independently hydrogen or Ci-Cy; hydrocarbyl.

di met hy1l- 4- hydr oxyphenyl ) pr opane. _ 5. The ,

pol y( ar yrensRhh&n: eGeNQbYdRherQf claindl,WitkreiUh8 hnBhydhe

pol y(aryl ene ether? copol%ner_has an intrinsic .
phigiad gerapiisgs &16-dimety Ibonel apdythg KEUETIQPIsEOlFOBIPFIFSS p2- Bl 5 -
JdirB5 B4 Q)pgﬁg j e poly(arylerte ether) copol ynmer
1coﬁ%}i§€g}% oJf)ggﬁto about 70 nol e percent of

copol yner. chains co risin? a t?rninal unit_ derived
frofm t hel® W&mﬂ@n%g@ﬁé popolymer o claim 4, wherein the poly(atrylene

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 70
" mole percent -of copolymer chains comprising a terminal unit derived from the

dihydric phenol.

6. The poly(arylene ether) copolymer of claim 4, 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 35 to about 55
mole percent of copolymer chains comprising a terminal unit derived from the

dikydric phenol.

7. The poly(arylene ethér) copolymer of claim 4, wherein the poly(arylene
ether) copolymer has an intrinsic viscosity of about 0.09 to about 0.15 deciliter per
gram; and whérein the poly(arylene ether) copolymer comprises about 10 to about 45
mole percent of copolymer ¢hains comprising a terminal unit derived from the

dihydric phenol.
8. The poly(arylene ether) copolymer of claim 1,

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

_dimetbyl-4§hyd1'oxyplmenyl)propane in a weight ratio of about 3 to about 9;
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6. The poly(arylene ether) copolyner of claimd4,
wherein the poly(aryl ene ether) copol yner has an
intrinsic viscosity of about 0.06 to about 0.09
deciliter per gram and wherein the poly(arylene

et her) copol ymer conprises about 35 to about 55 nole

percent of copol ynmer chains conprising a ternina
dri-c phenol

unit derived fromthe di

ol VS Gh UrdobiHa e EUBorAR e e rerli of P

0.PPtoybadin. (B ciBich 96D er& 8RR NITR] atIBSC AthloRfbiniSI C |
viscosity of about 0.09 to about 0.15 deciliter per

gram, and mhereln t he ene et her) o]
gt O T i i Rt g S

1Qﬂ@@hmﬂﬁ@n@ﬁ@mmaoggﬂthg|ng a termnal unit derived
fromthe dlhydrlc phenol 8. The pol y(aryl ene

et her, cl ai,m

ol gk B e Sph b ol G o5 gy about 70
wedt qnatdemeoic@@elyyrme rehziat icomp@findrananiss Wandriséd Agm: the
di Q- nethylphenol and 2, 2-bis(3, 5-

Y RePhRAPL 4- hydr oxyphenyl ) propane in a weight ratio of

about 3 to about 9; wherein the poly(arylene

et her) cuﬂqb%maﬁhhaahammnﬂhmuﬁefﬂmﬂnECOS|ty of ' about
0.04 to about 0.09 deciliter per gram nmeasured at '

25C in chl,oro n the pol aryl ene

o nSteRou PaBl e stephagrdiisl, B PEat b £ ifetnod,
coﬁﬁl%}Ma@_XM%l c@fo@jdﬂ?l izfrRla rﬂ‘ﬁlixcle@(ﬂkh@hemldnd a dlhydz\tl)vhlﬂfeﬁd'élgn

t he (0] ar ene, et ner copo r C ri ses. about :
an B e B e O T P R R mctal o
and @NfrbgnRGn@intr@r MiAmal toufih 4186t cém@m;tghe ﬁﬂ)ﬂﬁwfiﬁbﬁai

yl t f
pol %H@Fr?ﬂ}eﬁ ﬁlgs%agweﬁégggwg.v? 5%16@05 éﬂﬁééﬁgeﬁeg
'pmﬁyaﬁaﬂ§¢@@§dﬂ&%ﬁ9&'&hﬂ&mﬁ%ﬁﬂ?&bﬁ@@ﬁm&ﬁﬁﬁiMﬂﬁ& %h@&h&)
monohydri ¢ phenol and hydri C phenol in

solgtiogrmith en myrdpusciuion cs‘ ] C\helﬁtmg agenhie qatle@eth@mc@f iog from
I t
‘the %&h?{lér)é 2{1}1&1%2{@% cﬁe:ﬁ%:glgaagggen g!:l terga'f]] é(?l%% 8r§% 1t %n a molar ratio of
~ aboglohftd abionigh. 2 polyftnctlonal pol y(aryl ene ether)
having an intri.nsic viscosity of about 0.04 to about
0. L deqil L4kl R@ihed B %o¥elai 1¢hl orof orm and
contactlngbtﬁgqs% yfﬁﬁctﬁ% i pof&(arylene et her)
solution with an aqueous solutlon of a chel ating

agétiersiny st ROAKATISHE BHEEIA| COPOITICF ol PIsBared| it jzomethod,
t
o0 NG LT PSS GRS 90,54 o
4-h)ﬁ1m>§f9f_aﬂnyﬂ)lemeaﬂetlh étvl)lei@dpéhq/miﬂeneff ot gdtalysk comprising copper
ion WP L&L AR oROIHA Y mg Eher iR xlgﬁ m@ &fﬁ%&%ﬂ
y a method, co oxi dat1vely
POJ}Q%Tﬁ%ﬁ ¢therhhplrenot maWICZ\fIEGObﬂt}sQB@EBHU@ %td]g’dbut 0. 15 decﬂltcl

xyphe ropane i.n toluene in the enc f
per G Sy SO VT RO oS i ok gpel PoBlRTEE e
soluﬁd)rt wagen -athﬁt;c?uﬂ’tgl bf @&F(ﬁtﬂﬁ]ﬁtﬁﬁ @Elmtﬂsoﬁﬁﬂnwts]dltotﬁ extract the
r|S|n uncti onal, po ene, et her) hayi ni
C"Pp&h 1PP”ngW O\BF*éch‘oé’YfFﬁF”bfth u‘%ﬁr@ 4 ol Jisedipmosaytsan
cop;ﬁﬁﬁbmaletﬁéseﬂﬁﬁ a QiR rafio 2Bk . Ch 4@5@‘10&, m and
contacting the bifunctional poly(arylene ether) -
solution with an agueous solution of nitrilotriacetic
acid trisodiumsalt t-o extract the copper ion from
the solution; wherein thesnitrilotriacetic acid
trisodiumsalt and copper ion are present in a nolar

rati o of about 1.1 to about 1.4;
wher ei nt he2, 6- di et hyphenol , t he2, 2- bi s(3, 5-di net hyl -4



hydr oxyphenyi ) pr opane, and the tol uene are used in
anounts such that the ratio of the total weight of
the 2, 6-di net hyphenol and the 2, 2-bi s(3,5-di methyl-4-

'?"-hydroxyphenyl)propane to the total weight of the

2, 6-di net 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:. whefein . .
ChertiFShen- Bont an BTV EAA: conbhi s P BAET BRI
hydivoxg p eyt iidpaha rant €he @Ehe are used in amounts such that the ratio of the

N -di-t-hutyl ethyl enedi am pe; er.el ai

(OB CHEE gt HEE b A R Ch oyt arlfl efe Wt thargi e fiy-s-
jrrrs il by S
iR+ Bok TPy BBBEeIB e GbetR s 90t fPhtedoug 12

m xi ng energy of about 5 to about 15 kil oj oul es per

Ki | egeam r ateal @rogdaecobiafninpct ilpaal I Rohyfissky| enatylamine,
. et sol uti .t he agueous sol ution;
d“%ﬁgﬁé%ﬂaggﬁdmggﬁﬁﬁ%??ﬁﬁﬂFﬂge ¥ i onal pol y(aryl ene

ether) solution with an aqueous sol ution of

ni t whereinrsaRicehttine thd Hifuhaeblupolgal ene ahpl se@eon with an

mai ntai ning a ratio of .a bifunctional .poly(arylene
IEPHRTPUOBI00  FRTatneAEs i W@B"‘%ﬁw%ﬁ‘r’éiﬂﬂ %%%B‘fti%ﬁo avout

0%, F60BbEY 586 ARRR U0 MihPes2RANE mRPHs eRRE of about SWNEERL 15
said contacting the bifunctional poly(aryl ene ether

kilgjgplat porkiperen ekl af theduBingisingl padsarmiengpthen IS@itlfriqnaﬁ\?étt?lfb

aqﬁgkgwhmbapdiunmsalt conprises maintaining a ratio of
a bifunctional poly(arylene ether) solution density

to an aqueous sol ution density of about 0.8 to about
1. owherein said contacting the bifunctional poly(arylene e;her) solution with an

agueous solution of nitrilotriacetic acid trisodium salt comprises maintaining a ratio of
a bifunctional poly(arylene e‘ther) solution viscosity to an aqueous solution viscosity'

of about 5 to about 500; and

wherein said contacting the bifurictional poly(arylene ether) solution with an
. aqueous solutien 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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