WO 03/ 042282 PCT/ US02/ 34507 METHOD OF PREPARI NG A POLY( ARYLENE ETHER) AND A
POLY( ARYLENE ETHER) PREPARED THEREBY BACKGROUND [ 0001] Pol y(aryl ene ether)
resi ns arwowslok22known and wi dely used thernoplastics val ped/fsoe/34mooperti es
i ncl udi ng heat resistance, stiffness, and high inpact strength. Various
met hods of preparing poly(arylene ether) honmopol yners and copolyners are

known, such as the f- 1.0 e An the
presence of an M%iﬁb&ﬁﬁggﬁw&a‘gPﬁ&nﬁ%@#ﬁHm’gﬁb&l mary or
secondary anines ar pop$eARY! ENTEETERR) FRERNRED SHEREBYani ne nmay becone
incorporated into the poly(arylene ether) in the formof Mnnich end

groups. See, for exanple, U S. Patent No. 4,477,651 to Wite et al., U S
Patent No. 4,092,294 to Bennett, Jr. et al., and DD M Wite and S. A
Nye, Macr BadlleGBO&ENIP1990), vol. 23, no. 5, pages 318-1329. A general
reacti on schene for ami ne incorporation in poly(arylene ether) is shown

bel ow.  OH [ o] m#gf}%%ﬁh@%{h@@r 3L&fs afieNGydl OkRSwITBNnE EhiRIyA GRdi I ed

function. For e amne groups may be lost thermally during
pr ocessi nghepmoplastidi vegued &suptopertjes rinelhding Jente resistanqe.ostiffness tangehiglinct i onal

groups on the polymner, such a ui none net hj de [o ; r ive
functi onafMpRcsSEEngtnY RideHs 1Be ‘%I‘P@’é%q"imBg I}i’81'ygﬁ%leﬁ?18tﬁgr b 811;{8 ﬁ(zl?mﬁgslaagl?ul ar
wei ght of .t haRelydakibens et hetle sitheshdehiartingloy kanyh@arnepheio) i thebl ended
wi t h anot he esin (e.qg., rubber, high inpact polystyrene, polyamnide), the

reactive pfasemdei ohal oyygsupontimng gastandia patelie. oPVHER DIEArK of 3°EHEYat e a

The. 1 or natTHIESGre SaeHngParEoes oaf oo B st RERS A ERyBinskort hEs L, ot enct
par ti cul apby(atsRhekihbOrlin GReahidfiMarmidgend gods. Seepot yiaupie.dhe. Batbesr ) and

olyam de ' resins. [0003] Current_ nethods of praducin ol ryle ether)s
ipnc|yude sHHuttidyd.651 to White et al., U.S. Patent No. 4 098,2391 to egné%t, J}/.(e?aﬁl, an EJ‘D )

M. White and S. A. Nye, Macromolecules (1990), vol. 23, no. 5, pages 318-1329. A
general reaction scheme for amine incorporation in poly(arylene ether) is shown

below:

OH 0 OH NRj

[0] RoNH

[0002] Incorporated amine groups may serve a desired function. For example,
the amine groups may be lost thermally during processing or blending, resulting in the
generation of reactive functional groups on the polymer, such as quinone methide
groups. These reactive functional groups can couple with each other to increase the
molecular weight of the poly(arylene ether). When the poly(arylene ether) is blended
with another resin (e.g., rubber, high impact polystyrene, polyamide), the reactive
functional groups can react with the other resin to generate a graft copolymer that

improves the physical properties of the resin blend. The formation of such graft



pol yneri zation and precipitation nmethods. An exanple of a precipitation
method is found in European Patent Application No. 153,074 A2 to Kawaki et
al ., whi cWoogemesal |y descri bes a process for produci ng aroaalusfzs4shene
ether) enploying a catalyst conposed of a cuprous salt and a prinmary or
secondary amne in a mxed solvent consisting of 1 part by weight of a

good solvent for the resultin ol y(aryl ene her ) n .9t part by
wei ght ofcorolysisis §dfla¥7lt§h‘iar]fyd1segﬂ1g”ﬁ@éﬁ’la%?lﬁémﬁ éroi‘jp@];{gar@.ﬁee?tﬁe_r} anlﬁ]e
poly(aryle is described as precipitating during the

pol ymer i zpaot1 a(ﬁ?@g%s] it is isolated by filtration and washi ng. The anount
of am ne incorporation is not nentioned. [0004] An exanple of a solution
pol ymeri zat i on[0683 hGurremtcingdieds Of $rodesingnpolyieyleue gihpDssnclide fpivtiat et al .

whi ch general |y describes .the preparati 0 : by
oxi dat i vePSyREHATOAGY pbﬁ"é?ﬂ&%%iog r%%ﬁ%“ca)su ngﬂiegg‘%‘ﬁlg qua;@g%ag@l Btgh@gﬁ al yst
whi ch cOMRLLEEes BuePRREPaRMAlppKcAfonaNeonpe 074 ehpaaridawdki hetaad., Whibh di
substituted al kyl ene or cycl oal kyl ene diam ne, a terti ar]éé{am' ne

¢ a
br o ne- cgameralhyi degcrihsmpauieress fon@TafiusERPOlRNC ) PRt Ses wer e
obt ai ned, and t he chi I ;']gi;l% r b DelRased niixedediegu! ar
wei ght an‘é)oml%?‘f’sg\é)é aa&%%se%qﬁég %ﬁge I Ogosgﬁdéﬁnrl}{t rogen af '?ér nol di ng. Bound
ani ne pri génsiséing |1 hargbyvasight ef erbodsolvenelos thefresipting palyeaylpes etheer
mllion, neasured as atom c _nitrogen. . [00Q5]. The above t S.q0f
pr epar i ngagbPP(tary | g bé(t‘ﬁ‘@g])‘ts(’foeopﬁ%%tSob\[&gg??ljt}ge rﬁg&}ngop Oc%r{ﬁ ?%lg i)
I ncor por at . 86 QUBS P PaBorB@b4taloyd @@ 1B PelneriZiihgand #mai ns a
need for ?ﬁ%%@&aéﬁ%@éﬂﬁh gca atglle _naesfbhrodbfor g%/heﬁ%r ngc?iiljon of ppln%{(saryl ene
et her) resi Bslanalbpdilaatiarbstdmtaskinganthe eprogaiuel Bménc SIREEREAUSR SBr por at ed
am ne. BRI EF SUVMARY [ 0006] The above-descri bed and ot her drawbacks and
di sadvant 5’6@@0 "the prior art are alleviated by a nethod of preparing a
poly(arylene ether), conprising 2 WO 03/042282 PCT/ US02/ 34507 oxi datively
coupli.ng a nonefud] ixs eheed obd seutieapbiyarrizaipenethod éncludex U.S. Ragemg an
oxygen- cont ai ni n% gas in the gr esence of a fl vent .band a co Itex rrogial
catal yst No. $A6062k ta M iobrilni Wbiﬁhegﬁ‘?ﬁﬁ%yl SERgiosS pBF yPEPYRRME Bt her)

resin; m%&%ﬂe&ﬁe@xe ethers by oxidatively coupling a phenolic compound in the presence of
a catalyst which comprises a copper complex of a copper compound with an
N,N-disubstituted alkylene or cycloalkylene diamine, a tertiary amine, a
bromine-containing compound, and dimethyl amine. Short reaction times were
obtained, and the high molecular weight product increased in molecular weight and
showed a marked decrease in bound nitrogen after molding. Bound amine prior to

molding was present at levels of up to 1040 parts per million, measured as atomic

nitrogen.

[0005] The above methods of preparing poly(arylene ether)s do not describe
how to control the incorporation of amine groups into a poly(arylene ether). There
remains a need for an economical, scalable method for the production of poly(arylene

ether) resins having a substantial and reproducible content of incorporated amine.

BRIEF SUMMARY

[0006] The above-described and other drawbacks and disadvantages of the

prior art are alleviated by a method of preparing a poly(arylene ether), comprising
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reaction mxture has a cloud point, Tc]od; and wherein Trx" is greater th
Tcl0 d. [0007] In another enbodinment, a nmethod of preparing a pgl y(aryl Eangn
ether), worp/uxes oxidatively coupling 2, 6-di methyl phenolPCant$02/34507
2,3,6-trinmethyl phenol at a reaction tenperature, TrX ,, using an
oxygen-containing gas in the presence of toluene and a conplex copper

catal yst to_prod - : S
ool yeronadivay Safer 5 ppuSal ShEfd S AL R fnfherfle) 1L WsiiCart NET)

- (0. 296X|&2%C@Z&{E§{Bh%5ga§)in the PrdsdncebfONIRBNMt lad-a ConiiA&0XeTdVRajalyshev e 0",

is the copolymer concCentration (expressed in weight percent), LV is the

|mr1'; I’I) nsi qodmdl;ls_mwgs!lteyct@m rhetuco gOMPHERE i f R?FM@B’@P%&W%{E To8R f?ﬂ‘b§f§€éd in
g), and is the 2 - L.} et hy, : nt copol yme

(expr essGAHPIVR ?Easpae?lgielgp §)1.E]'t’ﬁg]®‘t3’8% he %ngxéafgﬁ%@itg%gggouﬁgvey r

di scovered that the precipitation of a poly(arylene ether) resinin a

reaction m xt UneOTEy irstiesfeartedinhérh, amatieod nCprepaning & eoly(aakoe cthsy), The

met hod is theref ti '

pol y( ar yI eeprisenariabapl Svehes oy el G0 rE PRI ES BB 20 ¢ ne
horopol yn}%ﬁctﬁ%l t\é(n%e witk TBL NYkink aft-oRPEMVERRENIBE RES In thEpresen®s didWluese al so
useful for e preparation of poly(aryl ene ether) honopolyners in a m xed
_s<r)]| vent sgmli _amcbnllplavmicoml)etrheathb’ﬁbrﬁ@lm*?élﬂceh@s reasien sHIBNe CPPPEHAR #t woul d
in an aro c .solvent al one. The net.h IS, ¢l arly suitable f

i ndustri al_r’T‘%¥ Qfl%"ereé]éecfﬁ F(Bﬁ’i},’mW@%’ Wlﬁeéelagg’i“rsgtlﬁfegﬁleﬁf}%ch;aﬁ roug%pu;J | rrgy ° o
dictate high concentrations of poly(arylene ether) in the reaction

m xture. [0009] O her enbodijre I gl uds |y ene ether) resins
prepared according t ol R0 26X 1P HATITRP X%)?/—gw. 3 W Oé/ 042282
BRI EF DESCRI PTI ON OF THE DRAW WS BPpudbzr S0s8< TI96Ud] Figure 1 is a graph

of tenperature versus tine profiles for poly(arylene ether) copol yner

reaction m xtures corresponding to anpl e 27 .an '
and 2. where ¢, is the copoFiymer cogncentral%ﬁ)n expressedaindwelcgﬁpgér%gﬂtxe] V 1%)( %reml es 1

intrinsic viscosity of the copolymer in chloroform at 25°C (expressed in mL/g), and
TMP is the 2,3,6-trimethylphenol content of the copolymer (expressed in weight

percent).

[0008] The present inventors have discovered that the precipitation of a
poly(arylene ether) resin in a reaction mixture may interfere with amine incorporation
reactions. The method is therefore particularly useful for the preparation of
poly(arylene ether) copolymers having reduced solubility compared to the
homopolymer poly(2,6-dimethyl-1,4-phenylene ether). This method is also useful for
the preparation of poly(arylene ether) homopolymers in a mixed solvent system in
which the homopolymer has less solubility than it would in an aromatic solvent alone.
The method is also particularly suitable for industrial scale reactions, where the desire
for high throughput may dictate high concentrations of poly(arylene ether) in the

reaction mixture.

[0009] Other embodiments, including poly(arylene ether) resins prepared

according to the methods, are described below.



[0011] Figure 2 is a graph of tenperature versus tinme profiles for
poly(arylene ether) copolyner reaction m xtures corresponding to Exanple
28 and Cowpasasizsez Exanples 1 and 2. DETAI LED DESCRI PTI ORCORUSOBE4SPREFERRED
EMBODI MENTS [0012] One enbodinment is a nmethod of preparing a poly(arylene
ether), conprising oxidatively coupling a nonohydric phenol at a reaction

t t i taini i h f
ol vent . dereg REsoRIT RN P 1 PRCEINGE" 2 0,08 2 eacti on mixture. |

conprising a poly(arylene ether) resin; wherein the reaction m xture has a
cloud point, Toprydiig@sd iwaeraihrofTemperatursvgsesatiree prdides o polythrylper013]
There is no particular limtation on the nonohydri (i %Qen%l Cusedra{'.{;e t he

pol y( ar yleshes) eonndymersieaetiRts Maxturgs  COHBTROPARE IRy HHATP B s PRRTEAE t hose
havi ng t .~ OH wherein each QL is independently hal ogen, Cl-C7
primry ro]:fxaélI 2‘%’%@;'& kyl, phenyl, Cl1-C7 hal oal kyl, C -C7 am noal kyl,

Cl- C7 hydrocarbonoxy, C2-C7 hal ohydrocarbonoxy wherein at | east two carbon
at ons separ at §00hH Fighregeis azgmaph ofitygesratire iersupime Reolilpsdor palyeprdseh @ i s

i ndependently h ,_hal Cl-C7 i h |,
o O ok gph et SEiss ks o M fpi SRR LBt DT

| east twopcarhe at@ns separate the hal ogen and 4 WO 03/ 042282
PCT/ US02/ 34507 oxygen atoms, or the like. Preferably, each QL is al kyl or

phenyl, especially ClL 4 alkyl and_each i r methyl. [0014]

In a pr efléETéélL@H%?ﬁﬁcﬁ%WfUO%@F W@Fﬁ%%ﬁeﬁ%%ggs

2, 6-di met hyl phenol (hereinafter "DWP') and 2, 3, 6-tri net hyl phenol

(hereinaf ter ibﬂ/ﬁr'é)ne 'éhﬁ&iﬁeﬁ”ﬁogilﬂf@mgg 61fh re%ﬁ%%@dwwrﬂ@ye eéhesed in
: o 1:99.

any proportion; om wei ght ratios of 99: Wthin this_range, it
may be pre&fneprishy dxddatbelyacouphily TvEonediydiic phanobalof reastiorelePeElyEL Tm 1, nore

preferably at |east about. 3:1, an even _no r bout
4:1. A soUSiRg AR PYRTECIGRS §35 1 d‘?"’ BES51 6t ‘éf?géiﬁ{eg{ glﬁdsé “S’E)npltl‘%‘aa Baﬁt 20: 1,

nore pref @Jtﬁ?ét%o BRoduee aReitiod Biiduratuhne ey apoig(apylefeethtr) yesip whereiabout
6: 1. [0015] The oxidative coupling of the npnohydri cg%\a?er}%anufes an

the reaction mixture has a cloud point, Tejous; and wherein Tiy, 18 cloud-

[0013] There is no particular limitation on the monohydric phenol used in the
poly(arylene ether) synthesis. Suitable monohydric phenols include those having the

formula:

Q’ Q'

Q? Q'

wherein each Q' is independently halogen, C,-C; primary or secondary alkyl, phenyl,
C;-C;  haloalkyl, Cy-C;  aminoalkyl, C;-C;  hydrocarbonoxy, C,-C
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like; and each Q* is independently hydrogen, halogen, Ci-C5
primary or secondary alkyl, phenyl, C;-C; haloalkyl, C;-C; hydrocarbonoxy, C;-C7
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
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oxygen-contai ning gas, which is typically oxygen (02) or air, with oxygen
being preferred. [0016] The nonohydric phenol is oxidatively coupled in
t he presewoa3pi2282 sol vent and a conplex netal catal yst. 3aiTttzbt/a50T gani c
solvents include aliphatic alcohols, ketones, aliphatic and aromatic
hydr ocar bons, chl orohydrocarbons, nitrohydrocarbons, ethers, esters,

am des, m xed ether-esters, sul foxides,;and, the |ike, and,conbinagtions

Compr 51 B SRS Sl BRI G0 Ry R T o eS T sRRL s v Bing  t hey
do not i nheki@r@” WikkBrodkn 8Pfnefhyl.Nt 0 the oxidation reaction. In a preferred
enbodi ment, the solvent conprises a C6-Cl8 aromatic hydrocarbon, including,

for exanple, toluene, xylenes, and the |like, and m xtures thereof. A

np y . . {
hi ghly pref er 18¢l41dn| gemtelpied gmkatimentpothe] mupehydic, afienplpycopimses se, in
addition 4@ r 3 hy; r , BB a!' t ol that
is a poorzt’és)g Ve 'I&ge 219 pt@gpe P)lléﬁ%ﬁ ar@l@jgz Q@?hzé?’f,%]snuc aﬂs,em?o('%“g%@éﬁgﬁhe,
n- pr opandiTMI’§odnapsnahbodimbitt doODMR ahdtTaVIP I maynbe @pddaimohny p@pottione |1 ke,
and conbi npations conprising at |east _one of the foregoing C3-C8 aliphatic
al cohol s.from pyeaghd rptes REOED 1015k al i ol ktee; & ey By RHGPTOrKaec] vont may

further GoOPIIMPe wlith AR & &Neds? aBodtdr: ClB R ﬁﬁﬁ}éb@y by agcabion ang a C3-C8

al i phatic al cohol, "nethanol or ethanol, which act” as an anti-solvent for
t he pol y(eaeymeneprefdaly at le7$iabo®-4C1.8 Adsoowshindhis yatrge cid mipgrbe riréferr&3taCs

al i phatic_al coho d the methappl or 13/ 042282 PCT/ USD2/ 34507

ot hanol | 1651500 ab 2N e ary CaPGsr i Vb P ) T GrOPAPPAR  hat ¢ he
sol vent (gapRfticsie at | east about 50 wei ght percent of the C6-Cl8 aromatic
hydr ocarbon. [0018] The conplex netal catal yst may conprise a netal ion.

Preferred nmetal ions include ions fromGoup VIB, VIIB, or IB of the
peri odi ¢ t abl é90ENdheorAHiFIVE orfoUPkitger 8bf theormenphadric | ghencdf Uer oFf um

. d. i nat i iLsi . f th
for g0 ng™YERRCenEPRE wiRICIRRRANG Q08 TBF b Mulboy Ry DL 11

hi ghly predfemedd. [0019] The conplex netal catalyst may further conprise a
nitrogen-containing |igand. The nitrogen-containing |igand may incl ude,

for example, ahiuhenedianing. |Laandy (RELIRLY SRASPH 185H 560004 Y
solvent and a complex metal catalyst. Suitable organic solvents include aliphatic
alcohols, ketones, aliphatic and aromatic hydrocarbons, chlorohydrocarbons,
nitrohydrocarbons, ethers, esters, amides, mixed ether-esters, sulfoxides, and the like,
and combinations comprising at least one of the foregoing organic solvents, providing
they do not interfere with or enter into the oxidation reaction. In a preferred
embodiment, the solvent comprises a Cg-C;g aromatic hydrocarbon, including, for

example, toluene, xylenes, and the like, and mixtures thereof. A highly preferred

solvent is toluene.

[0017] The solvent may comprise, in addition to a C¢-Cig aromatic
hydrocarbon, a C3-Cg 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 comprising at least one of the foregoing C;-Cs
aliphatic alcohols. A preferred C;-Cg aliphatic alcohol is n-butanol. The solvent may
further comprise, in addition to a C¢-Cg aromatic hydrocarbon and a C3-Cg aliphatic
alcohol, methanol or ethanol, which act as an anti-solvent for the poly(arylene ether).

The C4-Cig aromatic hydrocarbon, the C;-Cg aliphatic alcohol, and the methanol or
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am noal cohol s, oxines, conbinations conprising at |east one of the
foregoing nitrogen-containing ligands, or the |ike. [0020] Suitable

al kyl enedwarmfe28t gands i ncl ude t hose having the fornmul a PRFJUSKE/RSON( Rb) 2
wherein Ra is a substituted or unsubstituted dival ent residue wherein two
or three aliphatic carbon atons formthe closest |ink between the two

di am ne nitrogen atons; and each Rb i s independently hydro Cl-C8

al kyl . - Pr efhanplman bR ypoewifidaiang ProRogaeridul Hopex ke prITEsd tha néng%t is
e COAS B1kosP bl TGt B0 en s RECHEGH o andu6aRR | o

i ndependent ogen, 1 sSopr opy or a a-tertirary al kyl group.
H ghly preferred al kyl enedi am ne |igands include N, N -di-t-butyl ethyl
enedi am ne and [B) 18] N'heNonipdtx metet batdlyst, mBaydicaniriso pmugsalrien. Padatgd ikt abl e

Ccanmpl o, HOPTBpyRaIRAGIon CRTBR N o I Bhy ERTe s B oy P

t-butyl ampgeo- B MdsAMoAE of RhfdeiNma Mananesy, [doBHIEX30pPEA, BRd co@BiHatiahd Ons
conprising at |east one of the foregoing primary nonoam nes, and the |ike.

A highly compliemged 19asi onerof the froegriirgiong meythetryelarrhevitl] oupe] iogs(¢ubl e

secondary ami.nes .i.ncl ude. secondary nonoam nes having the structure
(R) (Rd) NH,a%g}bﬁlrﬁ}&%ylﬁaeefg eeac'each i ndependently a C 1-C 11 6 WO

03/ 042282 PCT/ US02/ 34507 al kyl group, with the proviso that R and Rd
col l ectively hgeelq Thet@mpdéx fetal citalystwedynfarthaatohgmiset aitBagefcantingss of

secondary nongami_nes, i ncl ude dj-n-praopyl am ne, n;g)rg_}) I d‘ﬂ ut yl am ne,
di - n- but yllig#nte, The- pUBEEY FANTRBS ligap th Hl-cgr@ﬁyf(g REPIC OHRRERT A ne,
and the |ijenadt biintlky NoRbdh RN 2eD8IdEY ARBHGIIRE, tO0ET] mbHoadmle,

tertiary oani e tertiary noroam nes having the structure
( Re) ( R) ( R-anhnoalbirods, noxReesanebniinatives Rboraprésiegach lieatd epean @é nthe y fogegoingCi 6

al kyl grou with the proviso that. Re and RL and R collectively have a
total of f‘ﬁt‘i?g%con “@jﬁgi@ﬁncﬁsaﬁ’rﬁgﬁh tons. Exanples of tertiary nonoani nes

include triethylamne, tri-n-propylamne, tri-n-butylanm ne,

di met hyl - n- but yloamin8uitadidwekyitedtmianipaids neludecthedehaling-thefoyinata ne,
triycycl ohexylamne, and the like. In addition, cyclic tertiary am nes,

such as pyridi ne, al pha-collidine amp- picoline, and the |ike, can be
used. Highly preferred tertiary @%géﬁﬂfh£%%¥nclude di et hyl - n- but yl am ne.
Addi ti onal

wherein R? is a substituted or unsubstituted divalent residue wherein two or three
aliphatic carbon atoms form the closest link between the two diamine nitrogen atoms;
and each R’ is independently hydrogen or Ci-Cs alkyl. Preferred alkylenediamine
ligands include those in which R® is ethylene (-CH,CH,-) or trimethylene
(-CH,CH,CH,-), and each R’ is independently hydrogen, isopropyl, or a C4-Cs
alpha-tertiary alkyl group. Highly preferred alkylenediamine ligands include
N,N’-di-t-butylethylenediamine and N,N,N’,N’-tetramethyl-1,3-diaminopropane.

[0021] Suitable primary monoamines include C;-Cj primary alkylamines,
such as, for example, n-propylamine, i-propylamine, 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.

[0022] Suitable secondary monoamines include secondary monoamines

having the structure (R®)(RYNH, wherein R® and R? are each independently a C;-Ci;
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primary, secondary, and tertiary am nes are described in U S. Patent Nos.
3,306,874 and 3,306,875 to Hay. [0024] Suitable am noal cohol s include

C4- C1Zz anwpaaloenBpl s havi ng one nitrogen atom and an al c@aalusoxg4gen,
wherein at | east two carbon atons separate the amno nitrogen and the

al cohol oxygen. Exanpl es of am noal cohol s include N, N-diethylethanolam ne,

4- butanolanlne N- met hyl - 4- but anol am ne, di et hanol ai ni ne, triethanol am ne,
N- pheny| - et KENEPYR gL rﬂ‘]o‘flﬁféthafﬁ\ andy R colSS HEFIR BEY O ORI SHIPHSP IHClYE | east

one of the.fQLLa0sMY a@ﬁ@l‘ﬂ 1e§0 lsScontight onfg{&grfgf 1ﬁ%d@gl|‘llzggg}xi‘ﬁ2ﬂﬂhﬁe i ncl ude

tri et hanol am ne an anol am’'ne. Suita es 1 Acl ude
t hose havi m@mpyénfmmﬁum;nem di-Vi@ A3k 2 8P t-P@YIausid/ 3d-H0H -nhengiamif®, - R6 ar e

cach, | ISeRSGAL I L ORER 18 08 U SR G am o S0 ko

5- hydroxyOX|ne 5-ni troxi ne, 5-am noxine, 2-nethyloxine, and the Ilke and

conbi nati ons comQB}SSﬁh@ab@é tdr@@fg:tm&ﬂﬁn@ﬁestlhgua@t@ﬁﬁynﬂormahﬁ@s% hatvlirfghhy
preferred oxines inc| ude oxine and 5-neth IOX|ne [0026] The

al kyl enedi %trﬁ0ﬁ56|(Rg)él?qa@ Nor Wheteip Rrowaﬂaﬁq ABG R gue spdhaingepanrdpbng fe<Cis
am noal C°h8}<213gr§-§9' \%{)&% oWbs aPReﬁrﬁd‘g’ all(Pe Poelle?ﬁ\“r‘e‘?%géx{eaé’f&ﬂ | o?fc% thO

about 25 no es o nono ric phéno nonoam nes
may be useghtatn dbrhoh &othst oEalaples hf&@ﬁlany)lnﬁﬁqoamlineiﬁﬂclmﬁé &ﬁetﬁillaﬂ‘mm} hydric

phenol . Se| ections of appropriate conc ntr thﬂS within these ranges may
be made by THRBEPYHMINGy Hi-AhNYIaRIeE) dithet Ver-BFo A e otimeitirepenylamire,

exper i ment gLjRn n—b%ﬂqarﬁﬁlleeﬁiﬁ%lﬁﬁ&&%ﬂlﬁét dridthe HIBY fneetdcﬁltﬁ(;n c@@lloofe?t?%S)C(a of

ot her reaction conponents Or products, 'such as water may af f ect
cat al yst e#rhines,equcl as pysdine,adiple- ¢rﬂ]1cane,ramma-pfc0hmmhé>then’ekeaIcalm at abgdbt

measur ed | es. of .al) to phenol. t.1:50 to about 400, with
Shout 1 1087t pETeRt TRy mennBPErenaPad atHohd R buiniaty Aduitidrd,
cat al yst npqymalgp%mﬂaérwancf iR far i diel @estripad il €. S.i Rifer UMY, 33068791 | de,
brom de, or When enpl oyed, halide ions may be supplled to the

reaction nindBBO.BH ©oHda orm of an alkali netal salt or an alkaline earth
[0024] Suitable aminoalcohols include C4-C;; 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 aminoalcohols include
N,N-diethylethanolamine, 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.

[0025] Suitable oxines include those having the formula

R R*
R2 N RS
] F 6
R N R
OH



nmetal salt at a concentration of about 0.1 nole to about 150 nol es per 100
nol es of phenolic nononer. [0028] In a preferred enbodi nent, the conpl ex
met al catwbDyso428npri ses copper ion, a secondary al kyl enedirarsomasshi gand, a
secondary nonoam ne, and a tertiary nonoamne. In a highly preferred
enbodi nent, the conplex netal catalyst conprises copper ion,

N -di - t-putyl di api ne, di - n-but yl ani d _ _
0 et hy - nSBEREYT B tre] o] 4R LU BAEp: ToIPEFAIIrgAyLs B aiBbpr | se

recoveri ngCtR RYIPLEXC,-ORLRbx @At BkShledVbl BxBRs 3HUERL §xiH6) Sty éﬂi}doﬂﬁﬂy
di verse extractants or chelating agents may be used to conplexX with the

catal yst aPtwfroxpexiaed ohittoniepofpminaxing, i rmetbgloxinen. and-othe e ikep| and

sul furic agign:.aceti J i salts,.bisul fate salts, and yari,ous
chel ati ng g%lg?lltn g&ﬁ%yg%@%sg%% %%g{n %H%] e gethﬁaff’ e AiEs HPES 3 ghl%'t B e\}flm ed
pol y(aryl emened inelufle 8BxM©a035MARABxBET/ USO2/ 34507 reaction solution, the

conpl ex netal catal yst becones poi soned and further oxidation does not
y be used but it is preferred to

t ake pl . Ma ' terial
el oy those chtICab] KEF agtiufFecEhiine il bty muncomipes cneconesry
oD 102 konoBEREE inifdalalholsUaRI bhinel %Rk G RO ek AR iR pet | onal

carboxylic acid containing npounds, suc , .

pol yal ky| e#hawps Ry amdlesepgrol 0ponelonrf movohyiricdhenalim Trepoitiacanioasathines ﬁmyds,d

am nocarb L.C; aci.ds i,nopol y oxylic acids, —an.nocayboxylic acids,
pol ycar bog%(/%/ih%:eda%l %Psoug\n(gmt%@fg?maf’sg?im‘ﬁﬁ RfT ?g(?!{lg]l?%g} Qﬁéﬁnph}’d?}?e%ﬂno r mxed
al kal i net sdlealdwgbof BEpropidth coIealratidlstwithiPBRSE tHigeExBYBLE eSade by Ghelealri NY
agents include, for exanple, sodiumpotassiumtartrate, nltrlyotrlacetlc

aci d ( NTA)ordinary pkill igdhe artgyvifequiaindes pyerisnratation Aed selecied eericentaaticus ( EDTdA) ,
hyd I.ah0i i I L I tri,am nt aaceti c acid,
e dr (Haf Rt hRehoiThidt Bl SRBHMTATHPART SRR ERRE A [ous:

one of themhpraéfgoi paalystheffidnny agesuitableamdlat hetid idfeonfrsdeaictdl! satayef erred
chel ati ng | enedi am petetraacetic acid or a nono-, di-,

ents.include . et _ ,
r s “andt GRARUEA PRI TR ogengta e dind PGoRbRAGH. Yeehicek TAn. be
referred tg aB5utdl :SOIPRSH 5@@Q&ﬁylate conpl ex. [0030] The chelated netallic
catal yst conponent nmay %e extracted with the water produced in the

pol ynmeri zation reaction through the use of a liquid/liquid
[0027] The complex metal 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 of

phenolic monomer.

[0028] In a preferred embodiment, the complex metal catalyst comprises
copper ion, a secondary alkylenediamine ligand, a secondary monoamine, and a
tertiary monoamine. In a highly preferred embodiment, the complex metal catalyst
comprises copper ion, N,N’-di-t-butylethylenediamine, di-n-butylamine, and

dimethyl-n-butylamine.

[0029] The method may, optionally, further comprise recovering the complex
metal catalyst with an aqueous solution. Many diverse extractants or chelating agents
may be used to complex with the catalyst after the end of the polymerization reaction.
For example, sulfuric acid, acetic acid, ammonium salts, bisulfate salts and various

chelating agents may be used. When these materials are added to a poly(arylene ether)
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centrifuge. Alternatively, additional water may be added to thet hmextzﬁ:afat gd
inprove the mxing and extraction efficiency. In either case,Slm’34§e helat e
nmetal | i c watoaloyzs2 conponent di ssolved in the water phasePn?]Etw 19]
fromthe poly(arylene ether)/toluene solution by the us_edo_ aan -
liquid/liquid centrifuge. The preferred extraction liquid is q

sol ution ofeabt@esolatidrangl oonilﬁéx %&W&tﬁ] J %}3%81?&{% a‘é@’géﬁftha”d an _al kanol

T O
having from 1 to abouf carbon atons. er g dagionhout
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The volune ratio of
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2n?|u-sol ventrgﬁcan al so be utili zg% |g(r¢ co |na{TP lP{ﬁJ fl% a{i‘h(éa (E%’EBU'%" dedia to

hel p dri ve ONfARNNG cappgRdst Feth @ f@lheidaomfprol)(aﬂ]éyleﬁp?lggﬁgngr%ﬁ%ﬁo?%é on of
i 0

coer Ty i ora sy aRlioRoReAERie dofus BRgioch: ﬁrawlicsaéif@p a@moapl;yfarggmcfwsme

hal i des araeﬂllhvfgihlbqp(yillnsemidsb|pelycﬁlrb‘6@$flﬁf aciH® YK IRy €t

Og/ I042282 Pgl'l/ USOZ/ 4.4 8. 96a{ﬂ# &J&] %J% d Cul,

respecti vél ng{ll.}ﬁ nilﬂalv@]'l‘%i’;nel eﬁﬂh ing?(rt]&l @ah‘se dS}iwplﬁdm(aprp&meﬁ Qﬁelgﬂin )C(: (i 2 g s
o R 5 o e ) TR B o AT

and by ot her conpl eX|ng speci es

1 d ar hedifnitheReardans, degd oneggpghgohol s,
nol ecul ar SHEFght agid,phat glyciag etﬂmle dlﬁgvg Gankans, | ke o | 2 tf/%

th ves
Zgﬂeéﬂi ls?}F’ e %}hﬁfﬂe& %RP?@geti%a%qY:D@u igthylenguprgingperigsicetic acidetabis of dre

d. [0032]
ropri atferegyipg chaR€n@nrpms, &fm@ﬂ&t!orﬁcﬁo fsing It R0Y has Zein
?’Eg r gact [ fr]g?iegrper at u%;ﬁ@ T,-x,,, tenper \é‘tﬁﬁr eglt o carr ?#Ehte gomg

i

pol ymer i z&PF\¥HEs t2ggeis( @pdipthengike.i s Fgpensaib lm%fab%uezcé]r@%ltlﬁgt i@%ﬁﬁgg %@g%ﬁz : gng
t u
os (e Topubsiniuesbdeclanc ool 10| guc, Beter e en of Sefoud

nor e
r ef er r edrasvltingeoppdrenmpleatoan de @éferr@d td e@%%opﬁ&%%bo& e“&ﬁ Gy
Breferably at | east about (Tcloud+5C), yet nore g% rani33 at | east about

ly at | east about (Tcl. ud+1SC) At
(Tcloud+100Q), fera r
t enper at ur es sﬁ@ébiﬁgvéﬁfﬂgte i PHAHICt 4p4yshIsemPo9sT, may He exwaatd oith thean occu

I r
| eadi ng t wateegebdad by - AE QsBiGhSnza80H BlctiG RS Eiu{hgsusseuc? : Pqtullcmlqmd owe
t han

centrifuge. Alternatively, additional water may be added to the mixture to improve
the mixing and extraction efficiency. In either case, the chelated metallic catalyst
component dissolved in the water phase may be separated from the poly(arylene
ether)/toluene solution by the use of a liquid/liquid centrifuge. The preferred
extraction liquid is an aqueous solution of lower alkanol, for example, a mixture of
water and an alkanol having from 1 to about 4 carbon atoms. Generally from about
1% to about 80% by volume of the alkanol may be employed, based on the total
volume of the aqueous solution of lower alkanol. The volume ratio of the aqueous

liquid extractant to discrete organic phase may vary from about 0.01:1 to about 10:1.

[0031] The reaction medium may comprise an aqueous environment.
Anti-solvents can also be utilized in combination with the aqueous media to help drive
the precipitation of the copper (I) species. The selection of an appropriate anti-solvent
is based partially on the solubility coefficient of the copper (I) species that is being
precipitated. The halides are highly insoluble in water, log(Ksp) values at 25°C are
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about 0C, ice crystals may formin the solution. [0033] The cloud point,
Tcloud, is a property of the reaction mxture. It corresponds to the

t enper at Uwe oatw422B2 ch turbidity is first observed for a solpaTiusa2/afsoa
poly(arylene ether), and it is influenced by factors including the
poly(arylene ether)'s nononer conposition and intrinsic viscosity and

br ocedur e “HebaPr 5 & CYOhaige T T [revr el parsoTh g o

1- 26. Fori[n@regée\ﬁeﬁ%% YhRENeeoeeRlefe bl heiids Mnéeshd t thegformatiapbyent., the

Tcl oud val ue may be_determ ned by preparing the solution inits ho?Dgeneous
f

s';) ate agdCu@bacmuiEll:;?y, dad r@eClknganthdyt efse rcamE g SPECies r PREMRIES &
observed. asurli cl ou pat | - 1

mononer _cBIESIT NG el KhdiGeyfl SRRE RARE Dbkl hEAR-RLoR)
possi bl e tostar Al¥ehol) 266 datlileNwhhdh iitgnsEbleo udutdhavhesme valubiity @she f or any

pol y(aryl ene ether)/solvent _system [0034] Anmine incorporation may occur at
a lpo?i ti oarqugpumplvteplx-h@nw@rﬂéﬁym theniﬂE é\wlfiﬁe RDIEdo R %ﬁ?@ﬁ%ﬂrla&r%\éﬁ ina
poly(aryl en r 14l Thi s, | rnpd  "external” amine, and it nma

i nci ude C%qe%@%gﬁg%%ﬁgg@gel&@hﬁ%{g,ﬁ @@Eﬁgxanpl & the 10 WO 03/ 042282

PCT/ US02/ 34507 product in which a ring is formed between. an al kyl
substituent on[0082] Ahe necagtiaupteapdraturhe e niameperadiiggdn GRITY héu%oﬂl?( aryl ene

ether) chain. A smaller quantity of "internal',  amgin up,incorporation
may al so BRYEErwoR; %ﬁ?&eﬂéo?ﬁé@ﬂhl%%?ﬁ‘hy&ﬁ?‘htgd G Wcagglpﬁg?gﬁ)’c?g IR Her ei n

| ncl udes ihe 0 oaRNRHe! ABuhole! B L0 BmidAncHt TRl dBTEBES Dilhess

ot herw se 8hecitied. The anount of am ne incorporation nmay be expressed as
a wei ght Pétiieiis rdngs efl raantidthienpetaairesyit gy boprefdreedpio ugg atspmsrruEther )

resin, where the weight of the am ne includes a tit t. di tl
Pﬁund L 0 %f?as‘faﬁl?clﬁ'é Ao by &or B0EF Béer%?r\?@d ¢ty ]gﬁﬁtt%uﬁzjf):ﬂ‘# t's| a;n)fegléﬁ ?%gt hgr
an the po ry e et hai, RgosOr e h
havi ng ¢ hEREPRIEY o dSRBCIR SRR Gl B0 e P AR RS at e
am ne con{ent 195oA28ARferhfedbhires slbdhaittally higher than about 95°C, side reactions

can occur leading to reaction by-products, and at temperatures substantially lower than

i rst

about 0°C, ice crystals may form in the solution.

[0033] The cloud point, Teeud, is @ property of the reaction mixture. It
corresponds to the temperature at which turbidity is first observed for a solution of a
poly(arylene ether), and it is influenced by factors including the poly(arylene ether)’s
monomer composition and intrinsic viscosity and concentration, as well as the identity
of the solvent. A detailed procedure for determining a cloud point is provided below
in Examples 1-26. For a given poly(arylene ether) dissolved in a given solvent, the
Teioud Value may be determined by preparing the solution in its homogeneous state and
gradually decreasing the temperature until turbidity is first observed. By measuring
Teoua for variations in poly(arylene ether) monomer composition, intrinsic viscosity,
and concentration, it is possible to derive an equation relating Tcioud to these variables

for any poly(arylene ether)/solvent system.

[0034] Amine incorporation may occur at a position ortho to the hydroxyl
moiety of a terminal phenyl group in a poly(arylene ether) chain. This is termed

“external” amine, and it may include cyclized products such -as, for example the
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30, 287 where 128.24 grans/nole is the weight of the dibutylam ne
substituent and 30,287 graminole is the total weight of the poly(aryl ene
et her) noweadalog28t n practice, the extent of am ne incorp@catison34say be
determ ned using the 13C NVR net hods described in the Wiite and Nye
article, cited above, as well as the '3C NVMR and 31P NMR techni ques
described ipn K P.. Chan, .D. S. .Argyropou : ' ; Yeager,
and A s.P_l‘%ﬁVE inylaie Arging i fosded ﬁ@@y 1 %41‘3%‘]”%‘5,‘1@%&)\@213& %39]1%%%&?5@ [0035] In
one embogjRRhinat e RARE e Sly@milde diRepERot. asi sorlienqudneity pidliytesmall ene
ether) may be about” 0.30 to a)éout 2.0 wei ght percent .basgd on fhe total

wei ght ofantihe grewp nincanporationt Fiay plspgeccur t WHRIR 1Be piedie CPER t o idflfe at

| east about 0.40 wei er. r - ehehal Yot inteB@st andb&UEmEL 50

wei ght pé?%oémraﬁl%g?%%g%ﬂegnd ]‘lgzéc(ri:nmr?gt acge 1‘(I)%dfrtll the total wel gaht of the resin.
Al so W t higinéduglcknb@Rrwist speoifiee prief emoent v aminaMhOgF@ARPgMay be

PCT/ US02/ 34507 have up _to about 1.0 i ght per.cent, .nor referably up to
about 0. RBPIRESYMAS ?)é‘feéﬁﬁpp,efceph&@?%?%\ﬁgdtoéﬂi‘ﬁ'ﬂglbta%fe@edjr?%_f(ﬁlé’%fl Steglfjer i ght of
the resin.gl O\Qlff%rla t#@v&‘% 1 tdrQfe LRt BiciudsO hiP EdstifiRnOfirétlytouhd e thdre

pol y(arylene ether resin, other materials may be incorporated during the
pol y( ar v @tiae atther) apd deess. frdiothe wsedys einedatbenthan e priv@ndenesthes;

pol y(2, 6-di met hyl -1, 4- phe ene et he .her ei r "PPE") a side reaction
may occurchais Jior ieﬁ?jnﬁz’llﬁ G ﬂ@ﬂ%ﬂm ‘?tﬂ?ﬁﬂ %%V(mg e LBalhR
3,3 ,5,5 -tetrainethyl -4, 4" -di phenoqui none (hereinafter "TVDQ'). This side

product may be incorporated into the PPOin its reduced formas shown
bel ow nrw H3C CH3 OH It/ has bgEn HGratN ket hié88nce of TMDQ in the

reaction mxture nmay resu n a I bution reaction that rel ocates
external am ne groups i ) the resin to forminternal am ne
groups. See Macr onol Boit ) 3 31y 5, page 1324. [0037] In
one enbodi nent, the a Ji N foration in the pol y(aryl ene
ether) may be about 0.30 to about /2.0 wei Cth percent based on the total

3

would have an incorporated amine content of

128.24
30,287

(100) = 0.42%

where 128.24 grams/mole is the weight of the dibutylamine substituent and 30,287
gram/mole is the total weight of the poly(arylene ether) molecule. In practice, the
extent of amine incorporation may be determined using the B3C NMR methods
described in the White and Nye article, cited above, as well as the 3C NMR and *'P
NMR techniques described in K. P. Chan, D. S. Argyropoulos, D. M. White, G. W.
Yeager, and A. S. Hay, Macromolecules (1994), volume 27, pages 6371-6375.

[0035] In one embodiment, the amount of amine incorporation in the
poly(arylene ether) may be about 0.30 to about 2.0 weight percent based on the total
weight of the resin. Within this range, it may be preferred to have at least about 0.40
weight percent, more preferably at least about 0.50 weight percent incorporated amine

based on the total weight of the resin. Also within this range, it may be preferred to
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wei ght of the resin. Wthin this range, it may be preferred to have at

| east about 0.40 weight percent, nore preferably at |east about 0.50

wei ght pewoena4i2ezor porated TMDQ based on the total wei girCTAfS02/BUSOT esi n.
Also within this range, it may be preferred to have up to about 1.5 wei ght
percent, nore preferabl y up to about 1.0 wei ght per cent incorporated TMDQ

based on _the tot f the resin 8 S|ty of
the pol y@a&m%ﬁ&uﬁ’iﬁ Weigfiisce By Toe TREERO sy BG pour 6 BB

about 2. Q,qf5 g aﬁWahhﬁé’bés@d%nﬁ%ﬁGﬁl waghﬂ@ﬂthb@esm clerred to use a

pol y(aryl ene" et having an intrinsic vi scosHy of at | east about 0.1

dL/ g, nore preferably at least about 0.2 dL/g fer
| east about 0.[263@Ungddiion| to thedpeorprationy af)ﬁlii‘llﬁtllmbﬁ’é‘tp 3560’? %@F%L/ g, as
measured in or of.o PR SA5Fér W thin
this rand sm,tﬂterag?ter(l@? %fag%%qn%cﬁé&?teﬁ%uYﬁgﬂgglgﬁﬂl%ﬁ;f?rrglfC Vi s%gm ty of up
to abouteximPledbigng ﬂﬁl’peochrcefne bﬁb&ly(mdhmethjddu#-phe@ldE/e@ler)sﬁhﬁtehnalﬁ@r e
preferably up to about 5 dL/g, and even mpr e pr ef era I% ;5 to apout 0. 45
dL/g. [OCP®E") n %néldérrbé"(ficﬂ%‘ht fB@hr?é?C‘ﬁFm A %t 1 s é%rtlgﬁ B ysui t abl e

for Targesseal Ll lenm@hheThis sidbgrédical
nonomner gg%cgﬁtggg?%ﬁ&ﬁﬁu dhgﬁ?&%%%?ﬁéﬁﬂkﬁﬁﬁfz nay(%g at Ieasg)about 15
wei ght penaghé incpmefaedinto/thaPPOsasts reduved forppasiogmtbelfdt cent, nor e
preferably at |east about 23 weight percent, based on the total weight of
the reaction m xture. [0040]}Jbe process and regaction conditions for the
pol yneri zation, such as reaction tine, flowrate, and the |Iike may
be nodified based on the target FEF #e\ght and nononer conposition.
The endpoint of the polygggézat ‘ diy be determned with an
in-line viscosity neter. er #5 maki ng nol ecul ar wei ght
measurenents, running to a prede ’ e{ion time, controlling to a
speci fied end group concentratifn, or the oxygen concentration in solution
may al so be utilized. [0041]1¥ﬁe met hod may furpher-conprise precipitation
of the poly(arylene ether) by adding an anti-solvent to the reaction

m xture o .conpcentr a

anti - sol viHes 2B %os% c'}] Q%F] {h@gr}rés%ﬁget JgfoﬁM]jq)?ﬁe %%E%%ﬂglé ]rgrg?tﬁlééiﬁlq g&ggnn

pr e- concepdisaihu@ion reBtionf it mlwﬁmsecxtémalcmndmcgredpsatq positienspwihingthet he
conpl ex

resin to form internal amine groups. See Macromolecules (1990), vol. 23, no. 5, page

1324.

[0037] In one embodiment, the amount of TMDQ incorporation in the
poly(arylene ether) may be about 0.30 to about 2.0 weight percent based on the total
weight of the resin. Within this range, it may be preferred to have at least about 0.40
weight percent, more preferably at least about 0.50 weight percent incorporated
TMDQ based on the total weight of the resin. Also within this range, it may be
preferred to have up to about 1.5 weight percent, more preferably up to about 1.0

weight percent incorporated TMDQ based on the total wei ght of the resin.

[0038] The intrinsic viscosity of the poly(arylene ether) formed by the method
may be about 0.05 dL/g to about 2.0 dL/g. Within this range, it may be preferred to
use a poly(arylene ether) having an intrinsic viscosity of at least about 0.1 dL/g, more
preferably at least about 0.2 dL/g, yet more preferably at least about 0.25 dL/g, still

more preferably at least about 0.30 dL/g, as measured in chloroform at 25°C. Also
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nmetal catalyst. The pre-concentration step may preferably produce a
concentrated solution having about 20 to about 60 wei ght percent of the
poly(arylwoe3eiizer). Determining the desired poly(aryl en@catuser/3450ei ght
percent will depend on the solvent, as well as the nononer conposition and
intrinsic viscosity of the poly(arylene ether). [0042] Any suitable nethod

for pre-concentration enmpl oyed.  For ] .t .- trati
may Ee cavf lﬁdﬁlédlan%ir tg?i’ﬂg'z?r?’ﬁget e%sgﬁaﬁtl}a(‘)/%)&gjg@trgm}ct gﬁcc%'gtﬁosp ef(?cra on

boi | i ng p@LRt1.8UL ,B’f&@?t&&”&a@[@d@&b ayo! 16y at gestibmue mmaferablyrgs fphaboet (so
that no boiling takes place in the heat exchanger) followed by flashing the

sol ut i on &bdL&, rhesienpners piaferablyartte ppeitdr4n €/8wher eby vapori zation of a
substantial part of the 13 WD 03/042282 PCT/ US02/ 34507 sol vent takes pl ace

and the requl iRt off ARG diOe! RehbRRhkCH Biribhigrpaaitabié rfans! ef red

in the heat e ger ~as sensi eat of the solution. [0043] Suitable
ant i - sol vigiteSciloehdndérchoingrofahk poly(asylbzevéther)dhe tatd raprweer€iogeeniradeR bon

atons, such as nethanol, and the |ike; ketpnes.having thr 0 t ten

carbon abdhe reastien XA BAYnRE 2 ]r‘?ﬁsl%tafj?Buq sﬁé‘fel%@elécle%a Eesfg rﬁgl&i ar‘%g%g?ve to

about 't en,Ga Q?Qvei%'htt %’Eﬂsbents Wedte 3PcBRKBNR leAP bSR3 Wight Rfcene Mabeda | ons
ne

conprising at [eas of the  foregoing anti-solvents. A preferred
ant i - sol vihatotalongghtsdshamenttaononixtyxehi ghly preferred anti-sol vent conpri ses
about 70 to 100 wei ght percent nethanol, O to about 20 wei ght percent

Lol uene, - and 00, AbRUL, 0. M\ REY SENIURL BF 1nd hE1 AL a0l KO8 asay  be

enpl oyed at a nts re ve to the anount” of the organic
sol vent, rewitidh file, eRfdeALIBvAMMENind theeliic mgy dre bdified dasddt dresheofargdhe

organi c solvent and_ anti-solvent, as _well as the.co&cglnt rati on, ii ntrinsic
vi scosi t ymoleadlaniyeeghs rand coARRIBETt ?W%ftloﬁlheTE%leWpa"t‘% nBCHPEPS B8 uct . For

exanpl e,y @oﬁ&s{e@agfyo@garegegﬁgﬁf VEHNST In-lie RséRNPBGORRhREhb@WAE an

intrinsic vlscosl g and a conposition of 82 weight percent
2, 6- di met hyhalding nphenydrensgletrheasutenients, amdinggo agsedpiarmpeddgesation time,

2,3, 6-di met hyl - 1, 4- pheny th its, th ' sy ho! uene,
and’ t he. aRTOUBIE, B0 PEViEt Raf oo, Cr O el A B e P 167" Sbout

1:1.5 to gheidn Iihé?allg@%@gtiﬁ@g(i abl e. [0044] The nethod may, optionally,
further conprise isolation of the

[0041] The method may further comprise precipitation of the poly(arylene
ether) by adding an anti-solvent to the reaction mixture or concentrating the reaction
mixture and then adding an anti-solvent. This concentration step, sometimes referred
to as pre-concentration, may, for example, be conducted after removal of the complex
metal catalyst. The pre-concentration step may preferably produce a concentrated
solution having about 20 to about 60 weight percent of the poly(arylene ether).
Determining the desired poly(arylene ether) weight percent will depend on the

solvent, as well as the monomer composition and intrinsic viscosity of the

poly(arylene ether).

[0042] Any suitable method for pre-concentration may be employed. For
example, the pre-concentration may be carried out by preheating the solution above its
atmospheric boiling point at a pressure modestly elevated above one atmosphere (so
that no boiling takes place in the heat exchanger) followed by flashing the solution to

a lower pressure and temperature, whereby vaporization of a substantial part of the
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preci pitated poly(arylene ether) using any conventional filtration or
solid/liquid separation technique. Suitable filtration apparatuses include
rotating wWoloses=g2 continuous rotary vacuumfilters, contiPENAse2/84507 ng bed
filters, batch filters, and the like. Suitable solid/liquid separation
appar atuses i nclude continuous solid/liquid centrifuges It should be

noted that so i ons of the honmopo] ynner 2 6 d I nyl ene
et her) |r$°1é’F6tmts?§‘F%p F\Pé’i‘i]t esﬁ?ﬁwpegsx?aélclfe% Of%pl Cal Iy é/b lthél}ﬁgﬁlt a
cloud poiphsreRal iefhe n8s exdbdhgs0dsuehdbie heht of e so(@idh- di nret hyl 1, 4- phenyl ene
ether) are concentrated, they may form a gel ati nous phase WIthOUt t he

di screte solid partlcles characteristic of a_claoud point. %& % The met hod

may, optionall 9943]&1111%}6 andrehiests nplyde }nge@]alk@ﬂgs @PYIP%PEWO ighy | ene

et her hi n

03/ 04)228f %@1‘ aljgfﬁls 5%5@6‘&] aq\d\}g% lkﬁif(r%gi‘}tk ﬁl/a on tﬁ;ed[fg :aBJt“grq alo(;ahg?/ﬁ/\ra xi ng
t he " powdgsmyveduch ke "acttoas) irhiethfel likeerand ralkalest halihg d'medtos%pat & @ﬂlib@ppar at us
with additional antl-solvent in.a stjrr t ank E ret Qdof
washi ng tatems,; sueh pg Bexsers g e dike: @'tdlh‘é%n) 1pegs eﬁo‘i"'RB 1§g§§{eea? °§]IeL?rf @ and
sol i d/li %#e%r)flgpgﬂtﬁgdlg&t% gﬁgﬁéfe%@edﬁ%usol%nﬁ Rbm Fﬁﬁ%oﬁiieﬂﬁﬂéh tAhaighey cake

fromthe e d wth anti-solvent in a stirred tank; the
pol y(ar yllﬁakrreéhhte-rsb)]/vsrnﬂ acanpirisenstous 60 veho me)ghgpercwﬁyn@th@wl Hetosaiont at ed i n

a solid/ljiquid continuous n rlf d t t cake
from t he ZbWeiEht BgeHdIUpRe ﬁf@(@ ﬁdqwalgr F%‘%Q%XE\% t%nﬁh -%s %Ih\')sgi]‘%e }Nﬁ

conti nuoug,ehi EfBRHyEARKa rdn ?E b@ﬁ‘@@uﬂﬁy rélathRConEe arpohntdflthaotiganis eplxeat i on in a
second sol1d/liqui g centri 0046] One enbodi pent provi dg epﬁ@ggt hod of

prepari ngwah ribd: potimyihe geoghth g@l@)en ing o thes 19sBtitess; %ifafhev‘é‘lg9n180°19
2, 6- di met rﬁbgoéhen X)?ggﬁveﬁ s Ot cgﬁéegﬁht@&?nﬂltrlﬁstlc AyistRAG! 108 hEMBREAT Ur e,

Tr x, cont al ni Nggas presence of toluene and a

CO”D' ex C&Qﬁ{ﬁfsnfb@tcﬁithsﬁaomlrems ethgr) direduchuFyt exdnge, whqribd poky(arylesact i on
m xture conprising a poly(aryl ene ether) copol t he

wei ght r atthey) g a Zamslog FRPHyMEhAAYINS: 3t 2nt§n t‘%fcr?é]t%ﬁ p‘ﬂgﬁv‘cﬁ‘ ;i "pbut 3:1
L0 about Sutpaste 6F Rot Bight GRLAOCD, 6Ualﬁkﬂ{yﬁlm%eﬂyﬁh@%e@mmt% 18, and

wherein I's greater ttan Tcloud [0047] Another enbodi nent provides a
met hod of wpighpareragt £ ?p)élrd)u@aﬂhyl-éﬂ@heleylh@ Yethet owmpisi $hegPresetielatoixesf yis coupl i ng

2, 6-di et Q)lle%gegr? th%ngntlz éo?fvent 1S mn?hta%Xi phteo u%lne :methanol weight ratio of about

1:1.5 to about 1:5 may be suitable.

[0044] The method may, optionally, further comprise isolation of the
precipitated poly(arylene ether) using any conventional filtration or solid/liquid
separation technique.  Suitable filtration apparatuses include rotating filters,
continuous rotary vacuum filters, continuous moving bed filters, batch filters, and the
like. Suitable solid/liquid separation apparatuses include continuous solid/liquid
centrifuges. It should be noted that solutions of the homopolymer
poly(2,6-dimethyl-1,4-phenylene ether) in aromatic solvents such as toluene typically
do not exhibit a cloud point. Rather, as such solutions of
poly(2,6-dimethyl-1,4-phenylene ether) are concentrated, they may form a gelatinous

phase without the discrete solid particles characteristic of a cloud point.

[0045] The method may, optionally, further comprise washing of the‘ﬁltered
poly(arylene ether). Washing may be performed, for example, with additional
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usi ng an oxygen-containing gas in the presence of toluene and a conpl ex
copper catalyst conprising di-n-butylamne to produce a reaction mxture
conpri si ryoas/ogBy(aryl ene ether) copolyner resin having ®QTiUsows450T at ed
am ne content of about 0.4 weight percent to about 2 wei ght percent based
on the total weight of the resin; wherein the weight ratio of

2, 6-di et hyl phenpl. tg 2 6t.r1 mat lec ) i 6:1;
wher ei n taﬂé'S(? Weafa‘blf‘?fglyc"@ﬂ{a? flhegr %gbﬁg% #ngﬁgnpg\?g%ﬁg#%k% %‘ ﬁéﬁs@egﬁﬁygrn 5
endot her rgofidpasiesepandiontippeiatuscaith| dddgionalmpiti-seserieiat a sjrrad tank edfper at ur e
of at |east about 45C during the endothermi c phase. [Q004 Yet .anot her
enbodi merfrefsrred g dofiErhng Be fl&ﬁe@&d?rqlx{@y&nﬁ&ﬂ@a‘ﬂsﬁ %r‘i&fo"%%gﬁ &pspurry
conprisin X | vel i = di nmethyl

23 6t 1 RERUT B berRAAEbloRks Rt TR R CRRBIMep U weteake from the

oxygen- Cofiltedi Riayg bgasvasied heitlpr esestdecrf inl 5 WOrE8/ tk2 Sthe POTIY(ISBIRNS4507

tol uene and a conpl| ex . cat al t d . | i
compr 1 51 HEhe) SPeT Ay BB ey Eopet gty e iy iy FPABRELE, ot e
the ineq L{%bg}fygﬂﬁg gie dgcgy(%%ﬁé‘nel Mherd -wheleakMHro® 4110 centriRge InayObOMlLR x |V -

0. 0249 x ' : ; 1's the copolymer concentration (expressed in
wei ght pesecemt Jimel With santtisgolvanttin j n spwsingpus etireds takk, faldoviesh 8y \andgeon

chl or of orm at.. 25 expressed in / .and . . is the
2,3,6-tri%%@hVWHﬁ%%@@88%H1%ﬁ?mB?g@ﬁgﬁ@%gg WS (expressed in wei ght
percent). [0049] The invention is further illustrated by the foll ow ng

ggﬂt |hi mti ngd [@@%qu)l t 86 emE?fdliM%hE[l)ribv[dé@?%etﬂ'dﬂ of Erpmnie pdly(@slenateder) he

esis and isolation of a po ) t.h J havj

e oL 2ol YL LG0E St SRR MIRA A N 18

82 wel ght reggtg)%et@ﬁlpglfatdfa' TS Q?%g‘éﬁ%xgéé}ﬂémﬁah@mgi gg'}“ilhme eRate of l@neeact or
20; 07027 kg, “obt

were conbined clprous oxidé | 027 | ained from American Chemet
as pur pl eambppeinplei sepperechtalyst modiuisingnilien-huiythmipe . td agodyreas 1g@iPRquUeous

NN i - o R BsR AR e b R B e n RN 870 o
ggtlfiigg?g b EAMCRl AMEs&) to B shriBiEyIgENoRs( 408 8:Ken alih,6: GAShdRe. thlo.
reaction mixture has a cloud point, Teieud; and wherein Ty, is greater than Tgjouq.

[0047] Another embodiment provides a method of preparing a poly(arylene
ether), comprising oxidatively coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol
using an oxygen-containing gas in the presence of toluene and a complex copper
catalyst comprising di-n-butylamine to produce a reaction mixture comprising a
poly(arylene ether) copolymer resin having an incorporated amine content of about 0.4
weight percent to about 2 weight percent based on the total weight of the resin;
wherein the weight ratio of 2,6-dimethylphenol to 2,3,6-trimethylphenol is about 3:1
to about 6:1; wherein the oxidative coupling comprises an exothermic phase and an

endothermic phase; and wherein coupling comprises heating at a temperature of at

least about 45°C during the endothermic phase.

[0048] Yet another embodiment provides a method of preparing a poly(arylene
ether), comprising oxidatively coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol

at a reaction temperature, Ty, using an oxygen-containing gas in the presence of
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obt ai ned from Cel anese), N, N-di net hyl butyl am ne (2.675 kg, DVBA, CAS Reg.
No. 927-62-8, obtained from Cel anese), a tetraal kyl anmoni um chl ori de
surfact anwo(03/082382 kg, CAS Reg. No. 5137-55-3, obtained fPemuSoysis87 as
Aliquat), 2,6-dinmethyl phenol (5.361 kg) and tol uene solvent (140.06 kg).
Over the course of the polynerization reaction, additional

2, 6- di met hylwhenah A &Qnﬁ@% cgﬁﬂervﬁ%ly%@@@?rocﬁllcé’@gre%ﬂdﬁ méxtired c&n‘iﬂrﬁ%é"éfl phenol
(7 845 kg). During the polynerization he nitrogen flow rate .
liters/m rmelyaniens e@h@;)g@po{yrmmm evvagin 6., 2atisfies the/ingquatity, and the
tenperature increased gradually from29.4C to 55.0C. After the conpletion
of the polynerization reac |on t he copper cat al yst s separated fromthe
pol ymer by m xing the Q??Wﬁéﬁ%*Vh&f*lﬂ@Padﬁ%a sol ution of
nitrilotriacetic acid (0 8 llkdl b&xN@SQQVOAQ@&@ﬂB@ZPQ 02/ 34507 as a 60%
solution in water, CAS Reg. No. 139-13-9, obtained from Solutia). The

t wo- phase solutlon was separated using a liquid-liquid centrifuge. The

pol ymer phalsge fas tdenegiolynadresbntent@8omaeghittsspé e andigitoparean), By kltashi ng
tol uene at atnospheric pressure. The product copol yner was precipitated
from t he detragitt viatosity mltmpolﬁﬂémhidhmrb&rmmﬁ@ r(gxﬁrb@e&@ﬂl uiLi/9n ab@t 88C)
inastirred tank vessel with neth (at . 15C) at 2 weight/weight ratio
of pol ymer 48| 5t thgn-mbrtgayiphenel F%%tﬁt‘lltt phépes qulynelwé@pﬁag@eal W%&%ﬂgh a
rotary vagﬂy&%gllter and the wetcake was re-slurried with nethanol. This
slurry was centrifuged and the separated solid particles were dried in a
rotary paddl e dryer. EXAMPLES 2-26 [0051] These exanples illustrate the
det er mi nati on d0049lolit povention fisr furthbw etestraged| by i thasfobibwing non-limiting

pol y(2, 6- dlnetﬂ | -1, 4- phenyl ene et her-co-2, 3,6-trinmethyl -1, 4-phenyl ene

et her) as 5’Fﬁﬁ%tion of copol ymer concentration, copolyner intrinsic
viscosity, and copolynmer conposition. Copolyners having intrinsic
viscositi eBXaMEE B8 nl/g to 41.6 nl/g, and 15, 18, and 21 wei ght percent
of units derived from2,3,6-trinethyl phenol (TMP) were synthesized

according to t ocedure o mpl e 1. r a given  copolyner solubility
det er m ngti on, h@R%J léteéﬂmB{?I lﬁ?l%tﬁﬁse‘ili‘é S@?ﬁ‘éﬁ apd denlatiagy ol Polyarylent ved at

10 to 30 V@lﬁéi’j‘tco%%fﬁﬁé“ hh\ﬂné Olye\Q@igﬁtt Sg%nt e g aﬁrﬁ'{sed%vetdh‘?ron?o' ution

was decreased at a‘rate of about nlnute an he tenperature at
whi ch 2,3,6-trimethylphenol and 82 welght percent of wunits derived from

2,6-dimethylphenol. In a reactor were combined cuprous oxide (CuyO; 0.027 kg,
obtained from American Chemet as purple copper) dissolved in hydrobromic acid
(0.423 kg as 48% aqueous solution, CAS Reg. No. 10035-10-6, obtained from Great
Lakes), N,N’-di-t-butylethylenediamine (0.119 kg, DBEDA, CAS Reg. No. 4062-60-6
obtained from Celanese), di-n-butylamine (1.616 kg, DBA, CAS Reg. No. 111-92-2,
obtained from Celanese), N,N-dimethylbutylamine (2.675 kg, DMBA, CAS Reg. No.
927-62-8, obtained from Celanese), a tetraalkylammonium chloride surfactant (0.059
kg, CAS Reg. No. 5137-55-3, obtained from Cognis as Aliquat), 2,6-dimethylphenol
(5.361 kg) and toluene solvent (140.06 kg). Over the course of the polymerization
reaction, additional 2,6-dimethylphenol (30.377 kg) was added, along with
2,3,6-trimethylphenol (7.845 kg). During the polymerization, the nitrogen flow rate
was 61.3 liters/minute, the oxygen flow rate was 46.2 liters/minute, and the
temperature increased gradually from 29.4°C to 55.0°C. After the completion of the
polymerization reaction, the copper catalyst was separated from the polymer by

mixing the reactor effluent with an aqueous solution of nitrilotriacetic acid (0.871 kg
16



the first turbidity was observed was recorded as the cloud point, Tc]o,d.
Resu: ts are p;esent eg in Table 1. 17 WD 03/042282 Table 1 PCT/ US02/ 34507
copol ynmerwoapoheser observed Tclud TMP content 1.V. (nL/gpcarcsenss4sari on (C
(W9 (W% Ex. 21535.31021.5 Ex. 31535.31533.0 Ex. 41535.32038.5 Ex. (9
51535. 32547. 0 Ex. 61535.33055.0 Ex. 71835.31030.5 Ex. 81835.31536.0 Ex.

91835. 32041. 5 Ex.  101835. 3254 ] 054.. 1 2.0 Ex
131841 0 S IR0 AP IIPR BAYAGH A S0 MO d 307 h by iy SRl Hes s
172135. 81035,13sRolutdB2d30: HAARI BidPe lihHa1i3RidtAd Fule. ERhe RORAADIARS52. 0

was concentrated to 38 weight percent polymer by flashing toluene at atmospheric

pressure. The product copolymer was precipitated from the concentrated polymer

solution by combining the solution (at 88°C) in a stirred tank vessel with methanol (at

15°C) at 1:2 weight/weight ratio of polymer solution:methanol. The resulting slurry
was passed through a rotary vacuum filter and the wetcake was re-slurried with
methanol. This slurry was centrifuged and the separated solid particles were driedin a

rotary paddle dryer.
EXAMPLES 2-26

[0051] These examples illustrate the determination of cloud points for toluene
solutions of poly(2,6-dimethyl-1,4-phenylene ether-co-2,3,6-trimethyl-1,4-phenylene
ether) as a function of copolymer concentration, copolymer intrinsic viscosity, and
copolymer composition. Copolymers having intrinsic viscosities of 35.3 mL/g to 41.6
mL/g, and 15, 18, and 21 weight percent of units derived from 2,3,6-trimethylphenol
(TMP) were synthesized according to the procedure of Example 1. For a given
copolymer solubility determination, an isolated poly(arylene ether) copolymer was
dissolved at 10 to 30 weight percent in toluene at 90°C. The temperature of the
solution was decreased at a rate of about 1°C per minute and the temperature at which
the first turbidity was observed was recorded as the cloud point, Tgou. Results are

presented in Table 1.
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Ex. 212135.83082. 0 Ex.222141.61035.5 Ex. 232141.61541.5 Ex. 242141.62049.0

Ex. 252141.62595.0 Ex. 262141.63099.0 [0052] Using |inear
t echni quewp Blog228at a were used to generate the
(0.300.15) 1 v+ (1.270.31) TMP-
(0.00800.0013) IV -

regr

essi on

equat i on @PCIUSDY/34567
(35.76.1) + (1.970.41)TT1011d(1 -

(0.02490.0026)* TMP) (I) where q,, is the copolyner

concentration (expressed in weight percent), Vi s the copolymer intrinsic
Vi scosi T)Tab. hl orof orm at25C {expressedin—mfg),—FHvP+s—wei ght percent
of unitg derivied SPPAIMIENP i n the copol lymEPPYERPr essed in It percent),
and T ,01d is | HEMBleeugnpoj nt ress Goﬁ'%ngt?orbrcérs?ré{%?e‘ég expressed for
18 WD 03/ 04228P POM %02/ 3450Y. éralg/rg)coeffi(@it" arnd th&Wnt ergept represent
95% conf{igjence| i ntengal s. [Equatdsén (1)| canlbe sollved 265 T 1,,,d to
gener at ¢ ggaat | on (fik): pt, d 335.3 15 33.0
[0,,-(O0. o VL 27T 35.7 1{113,5937(1-0 007926 V- 0. Q249T8RBY] (11]) [0053]
These exﬂsca UE!IUIIBL rate[ the Jsg of “[cont rofTed Variayyons if copol yner
TMP cont \E oz -+ .lSL, vi-sgosi L%,3 oulu sotutg@n COTCENt5gly On [o generate an
equatio predict—cloud c: At et 0 of tne:e:,)b%rl abfles. Al though
this e aﬁ?ﬁnﬁp ises 18l uenel as 35:?':“' VeRt re—rethod—ay—be—applied to
sol uti onsEA.8 other 180l vents F’%@f\lpl ES 27 AND 28 ICOVRA 91'I VELEXAMPLES 1
AND 2 [0054]9 These ebSarmI ep ShO’i/ﬁ-?( he ef f ect 2@1‘ reacti nr‘}lfspm'\pr ature ver sus
time on |Ehaoafount 18f i ncbr pordted ani ne. Abl exanpl e$6dhd cdnparati ve
exanpl es merig | preparged by|procafures simlad to that détGiled in Exanpl e
1. Data £39N ed Ty ExanI e Alprepresent 1an aver age 3af0 25 _pil ot plant
bat ches. i *!Ilgﬁdnpl € 1@/ ~_COPOT'YME§S Wef e prgpar ed [from3gd wei ght percent
I2_, 6- di met yHane ol ,Zlgg +i o gL'FL PETTEMT 258, 6= TT| el gigphenal in a 190
Iter pi M@—LﬁEX. = e—Fegeror—using Onc egactt 055 50.0

Ex. 16 18 41.0 30 62.5

Ex. 17 21 35.8 10 35.0

Ex. 18 21 35.8 15 39.5

Ex. 19 21 35.8 20 46.0

Ex. 20 21 35.8 25 52.0

Ex. 21 21 35.8 30 82.0

Ex. 22 21 41.6 10 35.5

Ex. 23 21 41.6 15 41.5

Ex. 24 21 41.6 20 49.0

Ex. 25 21 41.6 25 95.0

Ex. 26 21 41.6 30 99.0

[0052] Using linear regression techniques, the data were used to generate the
equation (I):

8, = (0.30£0.15)IV + (1.270.31)TMP — (35.726.1) + (1.970.41) Tioua(1 -

(0.0080:0.0013)7V — (0.0249+0.0026)*TMP)

@

where ¢, is the copolymer concentration (expressed in weight percent), IV is the

copolymer intrinsic viscosity in chloroform at 25°C (expressed in mL/g), TMP is

weight percent of units derived from TMP in the copolymer (expressed in weight

percent), and Tuq is the cloud point (expressed in °C). Uncertainties expressed for

1
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tenperature profile indicated by a solid line in Figure 1 and | abel ed "EX.
27". As in Exanple 1, the 2, 6-dinethyl phenol and 2, 3, 6-tri net hyl phenol

col | ecti vwbysenpsesented 23.1 weight percent of the totalPCTasor/a45n7 m xt ure
for Exanple 27. The product copolynmer had an intrinsic viscosity of about
0.40 dL/g, a TWP content of about 18 weight percent, and a concentration
in the reaction.m xture. of. about 23 i . { N ation for
Tcj ud def? %Pe?ﬁl.m%}%aﬁ?& 1hg 1BfegEpt ’Eeﬁées?nea%{a}f’ ocrq]qﬁé%égﬁ%te}%ﬁ%a%gogggect ed to
have a clguge ROVaH fof eNPeiatenERtedquaieutin52. 0C (125. 6F). [0055] Conparative
Exanples 1 and 2 were prepared by a procedure simlar to that used for

Exanpl e 27, except that Conparative Exan];l es 1 and 2 were ]oreﬁjared in a
19, 000 | i t eFeomenlipall-206/FY] 22 EME-32 AU bP 7dnA00ERd OHR4P EXR] oD t enper at ure
profile indicated by a dashed line in Figure 1 and | abel ed "Conp. Exs.

1,2". Note that Conparative anples 1 and 2 produced olv(aryl ene et her

copol yner havi[@@S%gpr?F?FaleP‘?mPﬁ)é( Sfrﬁ?erir&?'f‘siuégv?5881§tf?1%fipﬁ#t{:°§ét§]nt, and :

19 VIO 03/ 045202 FEH LN0GH 3A5ATcAReSH) udllismiish cbilentoRS] wreensiapraduced by
. S0 e clou

Exanpl e point tenperature was expected to about 52.0C
(125. 6F) eqifi¥mbio Amdientlowhedinatrsve futipnr ef these varighlaph okheughcthion

tenperature versus .tinme for anple 2 olid. |j Lve
Exanpl es S¥a3Rl§ Wey (phs 4 It]?%%c)%ent’llth? n?)%lf#]inﬁggg ,abéllfle)ed %Eg%uegggpg{)g%rlved

bet ween appMLs30 and 70 minutes represents the exotherm c phase of the
process, where heat is produced by the reaction and the reaction m xture

tenperature is maintained using a chiller syst Lners and triners are
bel i eved EXAMPLES HedND2§, 6 QMERSHEME %Xél%\i%%‘géni'@@ot hermic phase is
followed by a polynerization phase or "build phase”, where the reaction is
heated to gr aqﬁgﬂdyThe's@t&F]a%?}ﬁi@shMW\l e RELLUT rBobbH i@np LAY iUk €imd én | S

a e

during the bui hase intrinsic viscosity of the resin is
i ncr easedhanthoans ub#tcantoratd anoumt AJF exariples and cpmpaiafve SkEBPIRHINETE he

pol y(phenyl ene ether) resin..Th emperature - profjle f 7
i ncl udes Péeﬂ’ﬁrijjngy pﬁ?f?qdﬂreﬁﬁ&’é‘galt @nﬁ’@@?tﬁﬁ%&jt}%anaﬁlﬁig 'en%%?ﬁ?@%?g ile for
Conpar at i pg nftanp ?aaréseﬁn@nZavérégepeftjsc phlaf plaft baicheend ofExaempiedt ur e

profile for "Exanple 27, the reaction tenperature exceeds t redi ct ed
cl oud poipolymetPFedmrepantd fremssSy Wélghbﬁ%rﬁ‘i’fﬁr?ﬁ'éﬂlffé]?gPlEﬁn@f?ﬁf%}g' fative

Exanpl es p]ér&?lg ﬁ,g-?r%%{fl?lpﬁgnéleﬁlsa 190 liter pilot scale reactor using the reaction
temperature profile indicated by a solid line in Figure 1 and labeled “Ex. 27”. As in
Example 1, the 2,6-dimethylphenol and 2,3,6-trimethylphenol collectively represented
23.1 weight percent of the total reaction mixture for Example 27. The product
copolymer had an intrinsic viscosity of about 0.40 dL/g, a TMP content of about 18
weight percent, and a concentration in the reaction mixture of about 23 weight
percent. Using the equation for Tcioud derived in Examples 2-26, the reaction mixture

would be expected to have a cloud point temperature of about 52.0°C (125.6°F).

[0055] Comparative Examples 1 and 2 were prepared by a procedure similar
to that used for Example 27, except that Comparative Examples 1 and 2 were
prepared in a 19,000 liter manufacturing scale reactor and used the reaction
temperature profile indicated by a dashed line in Figure 1 and labeled “Comp. Exs.
1,2”. Note that Comparative Examples 1 and 2 produced a poly(arylene ether)

copolymer having nominally the same intrinsic viscosity, TMP content, and
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10F bel ow the predicted cloud point tenperature. [0057] Properties of the
poly(aryl ene ether) resins are provided in Table 2. Percent TWP

i ncor por awedg/opeszent TMDQ i ncorporated, and percent extempoalusanstsoper cent
i nternal am ne incorporated were all determ ned by proton nucl ear nagnetic
resonance spectroscopy ('H NWVR). The results show that the copol yners of

Exanpl e 27 have incofpporated am cent ' hhy

of the cOBBTHENE 5 Borgr R e Easng 26 1pemae 27508 R BT 25 me
run on t*ﬁﬁngﬂ%wﬁ&é&ﬁa&eé@@l&u{ 590000145 6gactor) using the tenperature
profile sho In Figure 2, which was simlar to that used for Exanmple 27

and is significantly higher during the build phase than the tenperature
profile for Cdapsrahs mentagdpbess, Figel ] iﬁaﬂaﬁgpﬁ(eﬁwr@ﬁ@%’f&‘ﬁg? ;\}Eré%m ymer

having an intrinsi Lscosit.v \of 0~4 . - ) :
of 'the cafiat srehiiaie 53 SRR il ing G appulife KREBRL B BRC R e ot o
those f orpdEraIPlifes2the plhtaghi obdeived Helvatent dbundld and 40 esinutes répeesenigdhe i on can

be obtai ned on _both pilot and 20 WO 03/042282 PCT/USQ2/ 34507 i
scal es. Bxathstais pipse e the rEetesLcvngrelliFat F?OWO@H%{ #’é%ﬁet 5?%%??{@%5'%§Ct uring

eacti on

t enperature : | : : I DR tinxdr
enabl es trﬁ%Ct%?ch{ilgg%?ger@g? Mgreggiﬂya%“é%@?a;ﬁ%‘%e? F;]g;l)elf Srgg{\%?lhg a ﬁf g‘? alm' ngr ©
cont ent . afabbleevad e famER in BE&GXofbermicphaix.. The egpNiermicgnigse sAodawed

P 10,30 B e RSt AL Sy 020
increase the reaction mixture temperature. It is during the build phase that the
intrinsic viscosity of the resin is increased and a substantial amount of amine is
incorporated into the poly(phenylene ether) resin. The temperature profile for
Example 27 includes a higher build phase temperature than the temperature profile for
Comparative Examples 1 and 2. In particular, at the end of temperature profile for
Example 27, the reaction temperature exceeds the predicted cloud point of 125.6°F,

whereas the reaction temperature for Comparative Examples 1 and 2 remains at least

10°F below the predicted cloud point temperature.

[0057] Properties of the poly(arylene ether) resins are provided in Table 2.
Percent TMP incorporated, percent TMDQ incorporated, and percent external and
percent internal amine incorporated were all determined by proton nuclear magnetic
resonance spectroscopy ("H NMR). The results show that the copolymers of Example
27 have incorporated amine concentrations much higher than those of the copolymers

of Comparative Examples 1 and 2.

[0058] Example 28 was run on the manufacturing scale (19,000 L reactor)
using the temperature profile shown in Figure 2, which was similar to that used for
Example 27 and is significantly higher during the build phase than the temperature
profile for Comparative Examples 1 and 2. A poly(arylene ether) copolymer having
an intrinsic viscosity of 0.41 dL/g was obtained. Other properties of the copolymer
are presented in Table 2. The results are very similar to those for Example 27,

indicating that the advantages of the invention can be obtained on both pilot and
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23 wei ght pgR(#@Bhe ether) copolymers were prepared using a procedure similar to that in

Example 1. In each Example, the monohydric phenol consisted of 82 weight percent

2,6-dimethylphenol and 18 weight percent 2,3,6-trimethylphenol, and the reaction

mixture contained 23.7 weight percent solids. The reaction temperature versus time

profile used to prepare each copolymer is given in Table 3. The product copolymers

had a TMP content of about 18 weight percent, and a concentration in the reaction

mixture of about 23 weight percent. Table 4 shows various copolymer properties as a

function of the reaction temperature profile. The “EPM-pressure” corresponds to the

measured pressure drop across a recycle loop of the reactor. The EPM-pressure is an

in-line monitoring tool that is related to the polymer intrinsic viscosity, and it enables

the reactor operator to stop the reaction once the desired poly(arylene ether) intrinsic

viscosity is reached. In other words, EPM-pressure is a monitoring tool that enables

the manufacture over time of a polymer with a uniform intrinsic viscosity.

Precipitation of the polymer during reaction affects the relationship between the

EPM-pressure and the polymer intrinsic viscosity, resulting in a failure of
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Exanpl es 29 and 30 were run under the same conditions and had end of the
reaction tenperatures of 54.41 C and 54.16C, respectively. The resulting
resi ns cowbaifexts2 excel [ ent quantities of incorporated anPog/(s02/8#%87 and
0.636 wei ght percent, respectively). Additionally, very little resin
precipitated out of the reaction m xture as shown by the absence of

vi sual | d ticl
Y RS SRBG bR FREEhARS: R, ThETRRE Sy LABdi o not
t errper at uihe cehsiétbieyr sfané ipedtludi Hitintisc Mﬁ@osht@\/\fﬂ‘)r&(hdvantﬁge b7 Qe(i@oampiands | ve

Exanpl e 3), 47.94C (Conparatlve Exanple 5),. 47.388C t I
and 43. 361 Gsmiarastipy CTERARIE aSSOTH}E)lﬁéO Ao ention qn%@%"%li‘e{bi Ivgﬁﬁéam © 4

dect eases,r AEAAINAGMy wliE!fe BEMMSHDI BRI By BRnPEDB £ Ul ar

hypot hesi s, nvent ors | eve t en the reaction tenperature falls
bel ow t heincbpui mre@pondtsenpemhwﬂ edlbmtl_srblrmeesu detpmenedias adesstibagk abeve: he

A e
tenp. @ctul%glﬁgk &Eh1Pddn e BE38ackidn 4a8d d8deiHIEBR daddpbnds1#d5thd. 59

FOR54. 41 30125. 42 1531.40 3032.98 4531.70 7031.82 7534.63 10554.53
interpolated time at which the target intrinsic viscosity of 0.40 dL/g is reached. As

noted above, a cloud point temperature of 52.0°C (125.6°F) is predicted for a
copolymer having an intrinsic viscosity of about 0.40 dL/g, a TMP content of about 18
weight percent, and a concentration in the reaction mixture of 23 weight percent.
Examples 29 and 30 were run under the same conditions and had end of the reaction
temperatures of 54.41°C and 54.16°C, respectively. The resulting resins contained
excellent quantities of incorporated amine (0.673 and 0.636 weight percent,
respectively). Additionally, very little resin precipitated out of the reaction mixture as
shown by the absence of visually observed particles. Reactions run at lowef
temperatures did not exhibit high levels of amine incorporation. As the end or
reaction temperature of the reaction mixture was lowered to 51.17°C (Comparative
Example 3), 47.94°C (Comparative Example 5), 47.88°C (Comparative Example 4)
and 43.36°C (Comparative Example 6), the amount of incorporated amine decreases
accordingly. While not wishing to be bound by any particular hypothesis, the
inventors believe that when the reaction temperature falls below the cloud point
temperature, the resin precipitates out of the reaction mixture before the amine groups

can be incorporated in desired quantities.
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FOR54.16 C. Ex. 3125.35 1531.95 3033. 11 4531.82 7031. 95 7535. 00 10551. 60
FOR51. 17 C. Ex. 4126.33 1532.68 3033. 23 4532. 25 7032.01 7534.08 10548. 12
FORAT. 94 WO 08204228225. 60 1531. 70 3032. 23 4532. 25 7031. 95 7P83/U62/345674 7. 94
FOR4A7.88 C. Ex. 6125.84 1532.31 3033.17 4531.95 7031.88 7534.75 10544.52

Table 3
Rxn. time (min.) Rxn. temp. (°C)
Ex. 29 1 26.21
15 32.25
30 33.23
45 31.82
70 31.82
75 34.57
105 54.59
EOR 54.41
Ex. 30 1 2542
15 31.40
30 32.98
45 31.70
70 31.82
75 34.63
105 54.53
EOR 54.16
C.Ex.3 1 25.35
15 31.95
30 33.11
45 31.82
70 31.95
75 35.00
105 51.60
EOR 51.17
C.Ex. 4 1 26.33
15 32.68
30 33.23
45 32.25
70 32.01
75 34.08
105 48.12
EOR 47.94
C.Ex. 5 1 25.60
15 31.70
30 32.23
45 32.25
70 31.95
75 35.06
105 47.94
EOR 47.88
C.Ex. 6 1 25.84
15 32.31
30 33.17
45 31.95
70 31.88
75 34,75
105 44.52
EOR 43.36
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FOR4A3. 36 23 WO 03/042282 Tabl e 4 PCT/US02/ 34507 End of Rxn tinme IV DBA
TMDQ EPM Tenp Particles Rxn. (mn.)(dl/g)incorp. incorp, pressur

(C) Coser vwo 03om8IWt. %9 (W. %e (bar)? (O EXx.2954. 4180@CTOR02/34507
850. 141----- 900. 2090. 3720. 420. 3854. 5no 950. 2690. 5280. 450. 8154. 8no

1000. 3340. 5850. 491. 5654. 7no 1050. 3730. 6780. 442. 4054. 6no

1100. 3971 fﬁ‘r?\? 532. 8254. 5n0 1150. 4340. 6730. 593. 1554. 4no

Ex. 3054. 102--
End | Rxntime v DBA TMDQ EPM- | Temp | Particles
of (min.) (di/g) incorp. incorp. pressur . Observed
Rxn. {wt. %) (wt. %) g (bar) | (°C) ?
Temp
(0
Ex.29 | 5441 80 0.107 - - - - -
85 0.141 - - - - -
90 0.209 0.372 0.42 0.38 54.5 no
95 0.269 0.528 0.45 0.81 54.8 no
100 0.334 0.585 0.49 1.56 54.7 no
105 0.373 0.678 0.44 2.40 54.6 no
110 0.397 0.667 0.53 2.82 54.5 no
115 0.434 0.673 0.59 3.15 54.4 no
Ex.30 | 54.16 80 0.102 - - - - -
85.5 0.142 - - - - -
90.5 0.21 0.408 0.48 0.38 54.8 no
95 0.261 0.505 0.54 0.73 54.9 no
100 0.305 0.601 0.62 1.38 54.6 no
105.2 0.354 0.640 0.67 2.31 54.5 no
111 0.388 0.636 0.72 2.86 54.4 no
115 0.406 0.636 0.74 3.13 54.4 no
120 - - - 3.55 542 | yesat 117
min.
C.Ex. [ 51.17 90 0.210 - - - 0.27 52.8 no
3
95 - - - 0.44 52.5 no
100 0.298 0.538 0.39 0.94 51.9 no
105 0.342 0.626 0.41 1.90 51.6 no
110 0.367 0.6615 0.60 2.59 51.5 yes
115 0.388 0.6675 0.68 2.80 51.3 yes
120 0.410 - - 2.87 51.2 yes
C.Ex. | 47.94 90 0.210 - - - - -
4
100 0.352 0.459 0.50 2.16 48.2 yes
101.5 0.386 0.462 0.49 2.26 48.2 yes
105 0.411 0.4705 0.53 2.34 48.1 yes
C.Ex. | 47.88 90 0.210 - - - - -
5
100 0.386 0.496 0.45 1.98 48.2 yes
102.5 0.419 0.498 0.44 2.10 48.1 yes
105.5 0.424 0.511 0.45 2.10 47.9 yes
C.Ex. | 43.36 90 0.200 0.330 0.41 0.40 45.7 no
6
95 0.264 0.443 0.45 0.96 45 yes at 97
~min.
100 0.356 0.464 0.54 1.38 44.6 yes
105 0.421 0.468 0.53 1.66 44.5 yes
110 0.469 0.453 0.51 1.89 44 yes
115 0.476 0.439 0.57 2.05 43.8 yes
120 0.493 0.422 0.44 2.23 435 yes
125 0.508 0.467 0.50 2.37 434 yes
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85.50. 142----- 90. 50. 210. 4080. 480. 3854. 8no 950. 2610. 5050. 540. 7354. 9no
1000. 3050. 6010. 621. 3854. 6no 105. 20. 3540. 6400. 672. 3154. 5no . .

1110. 388063604282, 8654. 4no 1150. 4060. 6360. 743. 1354. 4no 1PATAUSBLEEE3. 2yes
at 117 mn. C. Ex. 900.210--0.2752.8n0 3 95---0.4452.5n0

E1000. 2980. 5380. 390. 9451. 9no 1050. 3420. 6260. 411. 9051. 6no

1100. 3670. 66150, 602. 5951. 5yes_ 15 0. 3880, 66750. 682 8051 3yes 1 -

0. 410- - 2. 8751.10860] IpoSENmEy, Y GABHIFS24p conmipagitive " examples” show  that

1080, 4110°BHIRlE 59 F4 T AU RinE R GRgR gE i trfuear oftained

1000. 3860vHGRe Aatti@BtpRipdye is maintained above the cloud point temperature

[0061] While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without
departing from essential scope thereof. Therefore, it is intended that the invention not
be limited to the particular embodiment disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include all embodiments falling

within the scope of the appended claims.

[0062] All cited patents and other references are incorporated herein by

reference in their entirety.
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102. 50. 4190. 4980. 442. 1048. 1les 105.50. 4240.5110. 452. 1047. 9yes C. Ex.

43. 36900. 2000. 3300. 410. 4045. 7no 6 950. 2640. 4430. 450. 9645yes at 97 m n.
1000. 3560w084045342.. 3844. 6yes 1050. 4210. 4680. 531. 6644. Syes PCT/US02/34507
1100. 4690. 4530. 511. 8944yes 1150. 4760. 4390. 572. 0543. 8yes

1200. 4930. 4220. 442. 234. 3. 5es 1250. 5080. 4670. 502. 3743. 4es 24 WO 03/ 042282
PCT/ US02/ 34507 [0060] In sunmary, the exanples and conparative exanpl es
show thatCLﬁHYI§(aryl ene ether) resins with increased content of
incorporated amine are obtained when the reaction tenperature is

mai nt ai ned aboye thg 1ﬁét9étﬂoﬂﬁhﬁﬁr1ﬂg&rﬂlﬁy(aﬁyllﬁrﬁ eted)6dthpM¥ing:e t he i nvention

has been described with reference to a preferred emnbodinment, it will be

understood by those skilled in the_art that various .ch e be made
and equi val ent exidaiivebe caupg; ¢ d’t‘@%?hb’érrlc eheprlnftsa (rRSHER e’%??rﬁg‘ﬁ%/ Gaparting

fromthe ‘zscc}lg%t%“ %fxsgg} 2.4t ﬁirﬁ%' in!fle %ngﬁéeoaf aBR¥nBEH b eaiglonsmetmy be

made to |cu tuatlo material to the teachings of the

i nventi oncampm@prodde@ardacm@] fhi>omeesspnisingla iyipeylanhethsofresither efore, it is
i ntended that the invention not be Ilmted to the particul ar enbodi nent

di scl osed as the best npde contenpl at eclﬁi carr ch? out this invention,
but that the i WOEiSH BA TACHPD MLLPLRAS & Ouélr%’ér%frnfé alling within the
scope of the appended clainms. [0062] Al cited patents and ot her references
are incorporat gHeRel i NsRYeatdr@hR BAGE 1N their entirety. 25 WO 03/042282

2. The method of Claim 1, wherein the monohydric phenol comprises a

monohydric phenol having the formula:

Q Q'

Q’ Q'

wherein each Q' is independently selected from the group consisting of halogen,
C,-C7 primary or secondary alkyl, phenyl, C;-C7 haloalkyl, C;-C5 aminoalkyl, C,-C;
hydrocarbonoxy, and C;-C7 halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; and each Q” is independently selected from
the group consisting of hydrogen, halogen, C;-Cy primary or secondary alkyl, phenyl,
C,;-C7 haloalkyl, C;-C; hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at

least two carbon atoms separate the halogen and oxygen atoms.

3. The method of Claim 1, wherein the monohydric phenol comprises

2,6-dimethylphenol and 2,3,6-trimethylphenol.

4. The method of Claim 1, wherein the monohydric phenol comprises
2,6-dimethylphenol and 2,3,6-trimethylphenol in a weight ratio of about 1:1 to about

20:1.
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CLAIM5 1. A nmethod of preparing a poly(arylene ether), conprising:

PCT/ US02/ 34507 oxi datively coupling a nonohydric phenol at a reaction

t enper at UWe,03/042282 ,, uSsi ng an oxygen-contai ni ng gas in tIrEeTASey84%0e of a
solvent and a conplex nmetal catalyst to produce a reaction m xture
conprising a poly(arylene ether) resi n; wherei n the reaction m xture has a

cloud point, Tloud;_and wh i reat er._t han he net hod
of daim1l, wherei nT]PEhén%‘?Fgﬁ@de fagh pheﬁ’ﬁ?l% St F%lélgﬁac n%r ydr |6CCT§henoI

having thg faroW@ocdebbywher ein each Q i s independently sel ect ed fromthe
group consisting of halogen, C1-C7 pri mary or secondary al kyl , phenyl

Cl- C7 hal oal kyl, Cl1-C7 am noal kyl, Ci1-C7 ydr ocar bolq and 7

hal ohydr ocar bofoxy T\h@m@ﬂwdaﬁqlé@tﬁ Whﬁfe@ébﬁéﬁ"%]’étcfﬁ% or SOPRFI5E5R K& hal ogen

and oxyge d each 2 is independently selected from the group
consi sti’ nalpg‘fl%)ﬁfllﬁf"@gen hal ogen, C1-C7 primary or secondary al kyl, phenyl,
Cl- C7 hal oal kyl, Cl1-C7 hydrocarbonoxy, and C2-C7 hal ohydrocar bonoxy V\/nerel n
at least two gar boThatmethosdephrGtien thewhealeogehe axotveokyfgsheracomsrises. The

met hod of Claim 1, wherein.the nonohydri henol ri ses
2, 6- di met Wythsnel sthang]dora @l%urtercf’f?é’flﬁ%‘lgﬁﬁgeﬁgﬁone&’“ 8RS8 8SaSF S ai m 1,

mhereln t he nonohydri c phenol conprises 2,6- dlnethylphenol and

2, 3, 6-trinmet hykphenghe ifi i @lim N atvheref th@b@llﬂlblei{ rdethlccaddipsitompflses. 26 WO
03/ 042282 PCT/ USOZ/ 34507 5. The nethod of C ai m 1, wherein the sol vent

conpr i sesameG i@ BomaGonaiViB, FyeirotBBbeCrogp 1B 1oé theeremiodicdrblel ai m 5, wher ei n
the solvent further conprises a C3-C8 aliphatic alcohol. 7. The nmethod of

G aims5, wher e nt hgpg ?Ae\(ﬁ‘\c{g of G qr %fh%%% [@trﬁaﬁpéatalﬁstt Renplisesor a

m xture COITpI’I I ng east one o egoil n sol vent s.
chromium, manganese, cobalt, copper, or a combination comprising at least one of the

foregoing metals.

10.  The method of Claim 1, wherein the complex metal catalyst comprises

an alkylenediamine ligand having the formula
(R"):N-R*NR);

wherein R?® is a substituted or unsubstituted divalent residue wherein two or three
aliphatic carbon atoms form the closest link between the two diamine nitrogen atoms;

and each R® is independently hydrogen or C;-Cg alkyl.

11. The method of Claim 10, wherein each R? is ethylene or trimethylene,
and each R’ is independently hydrogen, isopropyl, or a C4-Cs alpha-tertiary alkyl
group.

12.  The method of Claim 10, wherein the alkylenediamine ligand is

N,N,N’,N’-tetramethyl-1,3-diaminopropane.

13.  The method of Claim 10, wherein the alkylenediamine ligand is

N,N’-di-t-butylethylenediamine.

14.© The method of Claim 1, wherein the complex metal catalyst comprises

a C4-C;; secondary monoamine.
27



8. The method of Caim1l, wherein the conplex netal catalyst conprises a
metal ion fromGoup VIB, Goup VIIB, or Goup IB of the periodic table. 9.
The net howooB/o@2at m 1, wherein the conpl ex netal catal yst PCOMS02/34587

chrom um nanganese, cobalt, copper, or a conbination conprising at |east
one of the foregoing netals. 10. The nmethod of Caim1l, wherein the

conpl ex net al cat al K ne t he
Formui & (Rb) 2N Re. N REBTREH AR O bBet e R EGmsh AR EBb

di val ent [esi q%ﬂ\fﬂgr ein two or three aliphatic carbon atons formthe

cl osest |link bétween the two di am ne nitrogen atons; and each Ro is

i ndependent |y hydro%en or C-C8 alkyl. 11. Themggat hod aim 10, wherein
each Ra is et h)’tﬁene be lmqth%Qﬁ'@]laéhé;Wh%Hl B5¢A |I§etF‘]n ¥ GRRPTISES

hydr ogen, o) I inoXdtrocene met hod
of " ar m 26 b Fef affls TR iRy b ShbALibr e Mino bwogkh

N,NN,N aﬁ@t}fe@mhy&x}igeﬁ di am nopropane. 13. The nethod of C aim 10,
wherein the al kylenediamne ligand is NN -di-t-butyl ethyl enedi am ne.

14. ° The met hod of [ e coppl ex rises
a C4-C 12 secondary %ﬁ%%t 418%21 \/%@’ F’@HQ% Wﬁ%ﬁ&f%&%&&l%ﬁﬂ%ﬁ
rret hod of ﬁ@n}ﬁethé{m&ﬁin@ the secondary nonoanmi ne conprises

- n- butyI am 16. The method of Caim1l, wherein the conpl ex netal
cat al yst corrprl ses a C4-Cl2 anminoal cohol, wherein east two carbon
atoms separ at e I8he al"rhermeth‘ixi phglaim 1aNeherein the) COBIMX @R?L%aﬁalyﬁﬁfom?ﬁ‘éesnet hod
of Claim 16, V\/n%&el n fle %mwoal cohol is triethanol am ne
N- pheny! - dPIREHY & e method of Claim1, wherein the conpl ex net al
catal yst conprises an oxine having the fog mul a

R R
R2 R>
| >
/ 6
R! N R
OH

wherein R'-R° are each independently selected from the group consisting of hydrogen,

halogen, hydroxyl, nitro, amino, C;-Cg alkyl, and C,-Cg alkoxyl.

19.  The method of Claim 1, wherein the complex metal catalyst comprises
a tertiary monoamine having the structure (RORNREHN, wherein R® and R" and R®
are each independently a Ci-Cjs alkyl group, with the proviso that R® and R' and R®

collectively have a total of four to eighteen carbon atoms.

20.  The method of Claim 19, wherein the tertiary monoamine comprises

dimethyl-n-butylamine.

21.  The method of Claim 1, wherein the complex metal catalyst comprises

a C3-Cy primary alkylamine.

22. The method of Claim 21, wherein the primary alkylamine is

n-butylamine.
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OH wherein RL-R6 are each independently selected fromthe group consisting
of hydrogen, hal ogen, hydroxyl, nitro, amno, Cl-C6 al kyl, and Cl-C6

al koxyl . w0.030k=s2ret hod of Claim 1, wherein the conpl ex necalusozshyst
conprises a tertiary nonoan ne having the structure (Re)(R1l)(Rg)N, wherein
Re and Rl and R are each independently a Cl1-Cl16 al kyl group, with the
provi so that Re_ and , _apnd . R ol |l ecti e 10

ei ght een carbo 3-at o8e %{.ﬂoq’hgf r@?ﬂ%df’o%v%%? %%9?&%323%1%%%%5?;%?% ary

monoam necGomek $8Sncdpiicinife Borittamianeasdboul DS SnediplachendenCharierh 1,
wherein the conplex netal catalyst comprises a C3-C 12 primary al kyl am ne.
22. The men Hedowl weight of e restherein the primary alkylamne is

n- butyl am ne. 28 WO 03/ 042282 PCT/ US02/ 34507 23. The nethod of Caim1l,

wherein the po:zx(ar %gf}%ﬁ%&ggb\%@;j’r{%&amﬁ fag@(@gleh@e%ﬁqreahqﬁs agi ne

content of at [east "abou t percent "based on the total weight of
the resi ninRdsic TREositdrasnRf.03 taiatovdt,2. Suierliters/drive ipohlp{coyd atriRS°€t her) resin
has an intrinsic viscosity of about 0.05 to about 2.0 deciliters/gramin

chloroformat 25C. 25. The net hod of aim1, wherein. the reacti cﬂ]m' xture
contains a totaf. nomemegthehateRima VE1sTER th repes Mg cop l%?g ?

percent. 26dnoéeFF3&9gtéﬁ%>pg{f% pe%/tl@gﬂgt lgqi,éﬁggtrﬁéy&ﬂg et her), conprising:

oxi dat i velnil coupling rrgt enol and 2,3, 6-trinmethyl phenol at a
reaction tenperature, Trx,,, using an oxygen-containing gas in the presence
of toluene and6a cdonpethododppparioge ablyeryleemghersi @IEISING: but y| ari ne to
produce a reaction mxture conprising a poly(arylene ether) copol yner

resin; wherein the weight rati . - di et hyl 1
2,3,6-trinmet hyloﬁ}éﬁ\é\%yi soupling: af @n}eﬁiyg%h%h{}?@%; Em@ﬁiée]?rkerlnéltﬁ%dﬁ}elenroéa%tt i‘on
M xt ure hagcBof h@uskrdQid T, el £ oapen-ebetiing Jasxin thepgsent ef tolhene Telo”

d. 27. The nethod of O aim 26, wherein th oly(aryl ene et her) caopol yner
and a complex copper catalyst comprising d?—nPbutgfllgmn}/e to pro%uce a) regction Y

mixture comprising a poly(arylene ether) copolymer resin; wherein the weight ratio of

2,6-dimethylphenol to 2,3,6-trimethylphenol is about 3:1 to about 6:1;
wherein the reaction mixture has a cloud point, T¢ioua; and

wherein Ty, is greater than Teoud.

217. The method of Claim 26, wherein the poly(arylene ether) copolymer

resin comprises an incorporated amine content of at least about 0.35 weight percent

based on the total weight of the resin.

28. The method of Claim 26, wherein the poly(arylene ether) copolymer
resin comprises an incorporated amine content of at least about 0.4 weight percent to

about 2 weight percent based on the total weight of the resin.
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resin conprises an incorporated am ne content of at |east about 0.35 weight
percent based on the total weight of the resin. 28. The nethod of C aim
26, wher ewp 0ioe228pl y(aryl ene ether) copol yner resin conpPCIAS0A507

i ncorporated am ne content of at |east about 0.4 weight percent to about 2
wei ght percent based on the total weight of the resin. 29 WD 03/042282 29.

A nethod of preparing a poly(arylene ether), conprising. PCT/US02/34507
oxi datively ¢ Iin@1@@%Q§P%@Fﬁ%Fﬁﬁﬂﬁﬁwﬁﬁé%wfﬁ§£ﬁP@PpﬂgP%yIphenol usi ng an
oxygen-containing gas in the presence of toluene and a conpl ex copper

catal yst  conpgiigiiighdbouptgl Y bAhasylhRedd] AUCE3 8-trigraiylghensll ¥ding en
conprising a poly(arylene ether) copolynmer resin having an incorporated
anmi ne contergen-obntainig gas 4n k¢ grasenasept énvencoanth dutomplgeicgpRer Pt based

on the total weight of the resin: rej I LAt

6 af et iTRHGHOR 15Uy et 55 bRty F rfichh MatPObrfifit bofianiens. |

wher ei n t §BeryXdofallyinée réfhMaving 4o iMbiResedaminotheemi of pias &.4aveign

endot herm ¢ phase; and wherein coupling _co i se h? ting atha t epperat ure
of at | epaseeritioabowt2CovElght AYCeHdagssien H’@rtg&wﬁwi’%& theqg oS WHEHE of

Cl ai m 29, L: _¥el ' 1 fi di wabbyl@nenol and
2.3, o) HeRR FiR o iRl © 200 okl s o P hod of
preparing a poly(arylene ether), conprising: oxidatively couplin

2, 6- di met hyl pheheleiranbe 2p3dBiver corpling| phmeproles aan £xothenpici bhpse edise@at ur e,

T,-X,,, usi an.o en-contai nin as in the presence of n and a
conpl ex c@)ﬁ%’g?e”@é& @é\%& ap W&Fﬁ&h&&“ o o (L o ea%n rgg[ %gem r |Aé[#lﬁg&aat

pol y(aryl s grein Trxn satisfies the inequality
Tun > o,,?eg-&(a%gg%@?\%%g%%%g?g% 7’)01%4% 97(1- 0.00795 x IV 0.0249 x TVP )

where 0.,, is the copolyner concentration (eﬁfressed in meiggt percent), |V
is the intrinddc vilbeanethyd off €lam ASpovhyenein the weighir wiier oh totpd of

o Soor e piedbudno (A, T hrim R Ehefordo Gbél TEAMARRSAR!S cont ent. of the

copol yner

31. A method of preparing a poly(arylene ether), comprising:

oxidatively coupling 2,6-dimethylphenol and 2,3,6-trimethylphenol at a
reaction temperature, Ty, Using an oxygen-containing gas in the presence of toluene
and a complex copper catalyst to produce a reaction mixture comprising a

poly(arylene ether) copolymer resin;

wherein Tx, satisfies the inequality

. ¢, —(0.296x IV +1.27x TMP —35.7)
™71 1.97(1-0.00795% IV = 0.0249% TMP )

where ¢, is the copolymer concentration (expressed in weight percent), IV is the

intrinsic viscosity of the copolymer in chloroform at 25°C (expressed in mL/g), and
TMP is the 2,3,6-trimethylphenol content of the copolymer (expressed in weight

percent).
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percent). 30 WO 03/042282 PCT/US02/34507 32. The nethod of O aim 31,
wherein the poly(arylene ether) copolynmer resin conprises an incorporated
anm ne corwerw/oef2sat | east about 0.35 wei ght percent base®Carusohssvot al

wei ght of the resin. 33. A poly(arylene ether) resin prepared by the nethod
of Claim1l and conprising an incorporated am ne content of at |east about

0.35 [ ' i
weri ght per3§.e nt T%gsn%j[hoé) Of td?a%mt S’i,a\lvhé’}@fn%% p%fly(gll}?en[eee?ﬁé?) cc)?};olymer
resin comprises an incorporated amine content of at least about 0.35 weight percent

based on the total weight of the resin.

33. A poly(arylene etherj resin prepared by the method of Claim 1 and

comprising an incorporated amine content of at least about 0.35 weight percent based

on the total weight of the resin.
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