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(54) Title: PROCESS FOR THE MANUFACTURE OF LOW MdLECULAR WEIGHT POLYPHENYLENE ETHER RESINS

THROUGH REDISTRIBUTION

(57) Abstract

The invention relates to a novel pracess for the manufacture of functionalized polyphenylene ether resins through redistribution with
a functionalized phenolic compound in the polyphenylene ether resin polymerization reaction solution without the addition of an added
redistribution catalyst or promoter. The invention alsc relates to the functionalized polyphenylene ether resin made by the process as well
as blends and articles containing the functionalized polyphenylene ether resin made by the process.




WD 00146272 PCT/ US99/ 28650 PROCESS FOR THE MANUFACTURE OF Low MOLECULAR
VEEI GHT POLYPHENYLENE ETHER RESI NS THROUGH REDI STRI BUTI ON CROSS- REFERENCE
TO RELATED APPLI CATIONS Not Applicabl e FEDERALLY SPONSORED RERrARGHb3 Not
Appl i cabl e BACKGROUND OF THE I NVENTION 1. Field of the Invention The

i nvention Weloaezs2t o a novel process for the manufacture of pdtpigdol@eRl | zed
pol yphenyl ene ether resins through redistribution with a functionalli zed

phenolic conpound in the polyphenyl ene ether resin polynerization reaction
f an added redistribution catal yst or

sol ution w thout |1 Q

promoter. The i nv%#&ggggél&g%w&‘gﬂf@ O MLECHRSR WaRGHP ol ypheny! ene
ether resin nmade by the process as well as blends and articles containing
the functional i zedPpoiymhenyhe BeHEeRBERS TRRTLHRASs s LAGNPT OCESS. 2. Brief
Description of the Related Art Pol yphenyl ene ether resins (hereinafter

"PPE") ar rciall ttractive materials because of their unique

conbi %ati §38§¥HEFE}‘§FEB%P$@&éF}F%éP?U%H%$ ectrical properties. Furthernore,
t he conbination of PPE with other resins provides blends which result in
addi ti onaNopXppladablepr operti es such as chemical resistance,. high strength,
and high flow One obstacle to blending PPE with other resins is the |ack
of corrpatg':bi lity between the resins. This lack of conpatibility often

mani f est st ERERALEY JRONROIRERRESEARCH and/ or

Not Applicable
BACKGROUND OF THE INVENTION
1. Field of the Invention

The invention relates to a novel process for the manufacture of functionalized
polyphenylene ether resins through redistribution with a functionalized phenolic
compound in the polyphenylene ether resin polymerization reaction solution without

the addition of an added redistribution catalyst or promoter.

The invention also relates to the functionalized polyphenylene ether resin made by the
process as well as blends and articles containing the functionalized polyphenylene

ether resin made by the process.
2. Brief Description of the Related Art

Polyphenylene ether resins (hereinafter “PPE™) are commercially attractive materials
because of their unique combination of physical, chemical, and electrical properties.
Furthermore, the combination of PPE with other resins provides blends which result

in additional overall properties such as chemical resistance, high strength, and high

flow.

One obstacle to blending PPE with other resins is the lack of compatibility between

the resins. This lack of compatibility often manifests itself as delamination and/or



| 5 August 2003 WD 00/ 46272 PCT/ US99/ 28650 poor physical properties such
as, for exanple, poor ductility. One useful nethod known in the art to

i nprove the conpatibility between resins is to generate readAagust ppegiuct s
bet ween the polyners that will act as conpatibilizers for the resins. The
reacti on pMaIUeg72ar e of ten t hought of as copol yners of the pcasusvsnsdsne
chal l enge in preparing the aforenentioned reaction products is the need for
reactive sites on the resins that will lead to the formati on of reaction

products. me ol yners.such, as pol yam des i nherently possess both am ne
and car bof’?ﬁri Bh%&ah%m_é’ﬁgtﬁsoﬁ?ﬁg aF’hEﬁ" %‘QWP?%.&DG’PF yughlier gone aseful anethnd h

anot her._r gabAn GoMHeAItGntovt e conpatiBliity BEnRRATELNS i BACKENE: MRLEL ©S
Polyners |ike PPE contain primarily phenolic endgroups nd ar &R ngeneral
not suf f i EFElspepEeast the @ofymnare shat twillnact he cafnpatbBiatisobethe featt | Dhe

products | : | Y. ' rocesses. |t .should be apparent that
net hods ah%cgr oﬁeggtgghl{eoo f{eﬁ?@é‘%hg%ﬂoq‘stfﬁg?@méﬁ ?é@e fSHRS- PPE  are highly
sought after. Redistribution, also known as equilibration, of phenolic

conpounds Onenthalierigeginaprepararsy thenafofanaiiofed red®BoRt prolass REHE SEOMIHL O
afford PPE havi.n? desirabl e fur_uftionalit . In the redistribution reaction
of PPE wi T9CRYFHGE PR thetsns thay 2vill depd tos formatien af Fspctipn produetso Soher t er
units wt Bl RersPERR0AS HRR ' t in the PPE. .ln the .
redistri bgct) ?’onrsr eagt éiksog%&i Il ug? ?%ﬁr%rﬁﬁfhf?%&% gr p Q?’H’é’ FPoRYiG dfied in a

sol vent  ¢idgrouph déhgtheanotendilyc ongharpo deation awitiaaabhed resapichRBdiny aWiids a
pr onot er, d e re. After heating at elevated

vésea{dto.ﬁh tr.eaction rr'};xﬁu - at _
t enper at ur'e Y QRSP INS [FapRtGEelT 8D aft meg:b@,(e PRE soatnia primsuile phertici s
i sol at ed. erddgroupél@fid kfe HidehtrdPndtharfiGeitBl feh B! BMelBE AL AR elnBnBoned
commercially feasible manner, a
reaction products in commercially feasible processes.
It should be apparent that methods and processes to introduce functionality into PPE
are highly sought after. Redistribution, also known as equilibration, of phenolic
compounds containing at least one functional moiety has been shown to afford PPE
having desirable functionality. In the redistribution reaction of PPE with phenolic
compounds, the PPE are usually split into shorter units with the phenolic compound

incorporated in the PPE.

In the redistribution reactions illustrated in the art, the PPE is dissolved in a solvent
with the phenolic compound and a catalyst, optionally with a promoter, is add to the
reaction mixture. After heating at elevated temperatures, generally between 60° and

80°C, the redistributed PPE is isolated.

In order to utilize the redistribution technology in a commercially feasible manner, a
process was needed that would minimize the need for additional processes, reaction
vessels, and handling of PPE. It should be apparent that a process that would take
advantage of the PPE polymerization process and associated mechanical equipment

would be extremely advantageous.

SUMMARY OF THE INVENTION



process was needed that would mnimze the need for additional processes,
reaction vessels, and handling of PPE. It should be apparent that a
process that would take advantage of the PPE pol ynerizati o6 Augastexo3and
associ at ed nmechani cal equi pnrent woul d be extrenely advantageous. SUMVARY
OF THE I NVENTI ON 2 5 August 2003 The needs di scussed above have been
generally satisfied by the discovery of a process for preparing a

functi onald nedi i i i: i pri or
o' sol at 1heRers Hrcheb@uy el Bler cublonh ety e BRE) frf SPRBIMES P
Wi t hout fdreremhdingiadionctionalicat BPY shroogh esedistobmiosr Wit heptexbiatompowaiipl i ng
reaction conditiqQns n djusted.tq afford suffjcient in situ catalyst
for e BARSp ARG eBEE FOH tegaiderye sPHy erHion asehe PRYaIPGh
provi des g DiaRRRSOcaIPWES Srofddps! 'madﬂi&zﬁgre_dBQf)NIPé‘?él}é{iSﬁ‘%orgcfiH&{s resin,

sai d process conprising: is OX|8at|ve coupling in a reaction solution at

| east onecamirmdgkstattto pHendsuffigient insitu natalygt fn thexydistribmtint aeattiog. gas and a
conpl ex netal catalyst to produce a pol yphenylene ether resin and a
backward di mer of the nonoval ent phenol species, and ii. redistributing a

funct i onagpeciEdai)@e plekdnt GOOTRIH BbvIde Ppbbds RYrIRBENh&RBaRLAEr resin in the
reaction s?l %b@? of step i_wthout the addition of an added redistribution

cat al yst ,P° ng efhgfresibFaif PECCss SERBESE di mer in step i i s increased by
one or nore of the followi ng: a. increasing the ratio of the nonoval ent
phenol species to, reaction solutjon; b. increasing the addition rate of
monoval ent phendALFSOPRITEIRHA feRRion selptiong leagone ppprtalent pheprl prssisFng i n t he
t enper at Uiseigh okjRn t@AGHhOPasSAl HEbBNe:duEhNGtalyieo QXdddat d pBph&RiAL | NT;

ether resin and a backward dimer of the monovalent phenol species, and

1i. redistributing a functionalized phenolic compound into the polyphenylene ether
resin in the reaction solution of step i without the addition of an added redistribution catalyst,
wherein the level of backward dimer in step i is increased by one or more of the following:
a. increasing the ratio of the monovalent phenol species to reaction solution;
increasing the addition rate of monovalent phenol species to the reaction
solution; .
c. increasing in the temperature of the reaction solution during the oxidative
coupling;
d. decreasing the percentage of oxygen in the reaction solution during the oxidative
coupling; and

e. using an amine-copper catalyst and increasing the ratio of amine to copper.



d. decreasing the percentage of oxygen in the reaction solution during the
oxi dative coupling; and e. using an am ne-copper catalyst and increasing
the ratio of amine to copper. 3 5 August 2003 The descri pti ahAufi@st 20608 | ows
provi des further details regarding various enbodi nents of the i1nvention.
DESCRI PTI ON OF THE DRAW NGS Not applicabl e DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Thi s invention provides for a process for the preparation of | ow
nol ecul ar wei ght PPE, preferably having an intrinsic viscosity between

shout 0. 08,048 o Dud0 s il A B Bl S SR

in at | eagfmtheelhMen. ortho positions and hydrogen or halogen in the para
position, to produce a PPE having an intrinsic viscosity of greater than
about 0.16 dUg as neasured in chloroformat 25C using an oxygen contai ni ng
gas and aDESFRIPBRN RETHE DRAMRIGE at al yst, preferably a copper (1)-anine
catalyst, as the oxidizing agent, redistributing at |east one additional
phenol spg@{ﬁﬁﬂ%gagroduce a PPE having an intrinsic viscosity within the
range of abo ) dl/g to about 0.16 dl/g, and extracting at |east a
portion of the netal catalyst as a netal-organic acid salt with an aqueous
cont ai ni NPESAILER DERGRIEFIGN 0§ FHEINYRINTEORe PPE t hr ough devol atilization of the
reaction solvent. In one enbodi nent, the additional phenol species

oD SR AR D B RSk oo g e
i ni tiator ppEhgrefNible ipviny @d ihminkiceviguosisg bttveen abbitoh 08 d gkandwh 1 Hdl/gner s
compri s ngy %xidative coupling at least one monovalent phenol species, preferably at least a
portion of which have substitution in at least the two ortho positions and hydrogen or
halogen in the para position, to produce a PPE having an intrinsic viscosity of greater
than about 0.16 dl/g as measured in chloroform at 25°C using an oxygen containing
gas and a complex metal-amine catalyst, preferably a copper (I)-amine catalyst, as the
oxidizing agent, redistributing at least one additional phenotl species to produce a PPE
having an intrinsic viscosity within the range of about 0.08 dl/g to about 0.16 di/g,
and extracting at least a portion of the metal catalyst as a metal-organic acid salt with
an aqueous containing solution, and isolating the PPE through devolatilization of the
reaction solvent. In one embodiment, the additional phenol species comprises a

functionalized phenol species. In another embodiment, the additional phenol species

is equilibrated into the PPE without additional initiator.

The PPE employed in the present invention are known polymers comprising a

plurality of structural units of the formula

3a



plurality of structural units of the fornula 3a 5 August 2003 WD 00/ 46272
PCT/ US99/ 28650 wherein each structural unit may be the sane or different,
and in each structural unit, each QL is independently hal odefygust 203y or
secondary | ower alkyl (i.e., alkyl ~containing up to 7 carbon atons),

phenyl , halye@bdiygzyss am noal kyl , hydrocar bonoxy, or hal ohydrocar bono %/5
wherein at | east two carbon atons separate the hal ogen and ns;
and each @ is independently hydrogen, hal ogen, primary or secondary | ower
al kyl , phenyl, hal oal kyl, hydrocarbonoxy or hal ohydrocarbonoxy as defi ned
for Q. Mgz ofteq) each Q is alkyl or phenyl, especially Cl1-4 al kyl, and
n. Both honopol ynmer and copol yner PPE are included. The

each Q is
preferred hony mers are those containing 2,6-dinethyl-1, 4-phenyl ene
et her unit g)copol ynmers include random copol ynmers contai ni ng such

units in conbi on with (for exanple) 2,3,6-trinethyl-1,4-phenyl ene
ether units | ncl uded are PPE containing noieties prepared by
grafting V|Q§I norfdtrers or pol ymers such as pol ystyrenes and el astoners,
as well as coupled PPE in which coupling agents such as | ow nol ecul ar

wei ght pol ycar bonat es, qui nones, heterocycles and formals undergo reaction

in  knownWReRTHEFCRistHCuFal UﬁydnTyxbe lgllecsapns cmfd;ﬂfm?tp@rld’{n%@mﬂr@élﬁra%ﬁ?r )
chains to rgd ecul ar wei mer, provid
subst ant i %cap?og%rqltl?eér%hg%}‘%fyrg@ el %ﬂ%ﬂb’sg é?Fé’F’ﬁ%ﬂ’ phier PIBEY] afie., talifical | y

pr epar ed dqut&ntmag opi tdal catbom@tuﬁis),gﬂleﬂil BhlohIRPE t“ﬁgﬁr?%fkm%rc}/carb XY %5, omat ic

conpound l]ICh as | enol 6-trinmethylp
alonydrocar onox wherein at’least two carbon atoms separate the halogen and

oxygen atoms; and each Q° is independently hydrogen, halogen, primary or secondary
lower alkyl, phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for

Q'. Most often, each Q' is alkyl or phenyl, especially C,4 alkyl, and each Q is
hydrogen.

Both homopolymer and copolymer PPE are included. The preferred homopolymers
are those containing 2,6-dimethyl-1,4-phenylene ether units. Suitable copolymers
include random copolymers containing such units in combination with (for example)
2,3,6-trimethyl-1,4-phenylene ether units. Also included are PPE contammg moieties
prepared by grafting vinyl monomers or polymers such as polystyrenes and
elastomers, as well as coupled PPE in which coupling agents such as low molecular
weight polycarbonates, quinones, heterocycles and formals undergo reaction in
known manner with the hydroxy groups of two poly(phenylene ether) chains to
produce a higher molecular weight polymer, provided a substantial proportion of free

OH groups remains.

The PPE are typically prepared by the oxidative coupling of at least one
monohydroxyaromatic compound such as 2,6-xylenol, 2,3,6-trimethylphenol, or
mixtures of the foregoing. Catalyst systems are generally employed for such coupling
and they typically contain at least one heavy metal compound such as a copper,

manganese, or cobalt compound, usually in combination with various other materials.



m xtures of the foregoing. Catalyst systens are generally enployed for such
coupling and they typically contain at | east one heavy netal conpound such
as a copper, nanganese, or cobalt conpound, usually in conbifgusiciPOai t h
various other materials. 4 5 August 2003 WD 00/ 46272 PCT/ US99/ 28650 It w il
be apparenwa @/46k@se skilled in the art fromthe foregoing waahysshyessBiPE
contenplated in the present invention include all those presently known,
irrespective of variations in structural units or ancillary chem cal

features. . The,ppl ynerization of .,the phenolic_nononmer may be carried out by
addi ng t hét %Heﬁ%lapgar%%&gpos&s%%ﬁb&e % go@u'i?‘f’a‘fS‘F@OF@aéfﬁtdhe JdEent and
pr ef er abl yon@mpl@RPRY the FréRnf Avahtici inclulle b ﬂﬂfs@{p%s’% o&ﬁfiﬁ¥§P%BBv he

polymerization in the presence of a cupric salt-secondary ‘am e catal yst
such as, fobvamsationslinstruqiyrel enitsiir@niidlerysahdmdial featupest y1 ani ne. The
pol ymeri zati ons are advantageously carried out in the presence of an

I norgani c ' ..b .0 XY i arth.netal .brom.de., The
i nor gani Cﬁ%&%&%@gfgia?%g gmfsg%&gglggn&leo\%r rggy Fo?ﬁ“a%%&f‘l 8?13436‘?% ey about
150 nol es phemolitOfionomtesr ahomnenoltb ;2 FHBHIE teacTRESEIVER! Ahd/ PrefBRbRY il S are

described in U S. Pat. No. .3, 733,299 (Cooper et al.). Tetraal kyl"ammoni um
sal ts may CePREGAPUNEIRIFS e It ASPrefrisdde eRmsy Pt e pphyaerizatiesie e pniseeses ar e
di scl osedgf R clibre sdiddecoliry 3mAad n I T rimary,
secondary or Cﬁér gsi ary am e I’élorrp(;lﬁaz v So‘ﬁeaigh@t‘tg’éﬁaﬁ’lgs‘%‘)PE‘Sr?gF%@e aggﬁ%r ally
cor r espond-tugylamowe Thieguwlipsenizationt arS. adPattagediogy cﬁ;ﬁﬂ&uBMhagbéesén&Qﬁﬂ 875
(Hay). Illustrati.ve nfenbezrlsbi ncl ude al H]hat i ¢, am nes, including aliphatic
mono- and™® dfrorgapic atkall prctald PR 2 E‘egﬁaﬁﬁﬁleé%lrbr%_'dﬁ rEiegiReragpichr anched
chai n_ hydpagaaeomapbe usdE hoRldvBNaf frém 8o €1 nifle B Sodtk 1BA MG PLI 1R Y
secondary and tertiary nonoam nes

moles of phenolic monomer. These catalyst materials are described in U.S. Pat. No.

3,733,299 (Cooper et al.). Tetraalkylammonium salts may also be employed as

promoters if desired. These promoters are disclosed in U.S. Pat. No. 3,988,297

(Bennett et al.).

The primary, secondary or tertiary amine component of the catalyst complex
generally correspond to those disclosed in U.S. Pat. Nos. 3,306,874 and 3,306,875
(Hay). Mlustrative members include aliphatic amines, including aliphatic mono- and
di-amines, where the aliphatic group can be straight or branched chain hydrocarbon or
cycloaliphatic. Preferred are aliphatic primary, secondary and tertiary monoamines
and tertiary diamines. Especially preferred are mono-, di- and tri(lower) alkyl amines,
the alkyl groups having from 1 to 6 carbon atoms. Typically, there can be used mono-
, di- and tri-methyl, ethyl, n-propyl i-propyl, n-butyl substituted amines, mono- and
di-cyclohexylamine, ethylmethy! amine, morpholine, N-(lower) alkyl cycloaliphatic
amines, such as N-methylcyclohexylamine, N,N'-dialkylethylenediamines, the N,N'-
dialkylpropanediamines, the N,N,N,-trialkyipentanediamines, and the like. In
addition, cyclic tertiary amines, such as pyridine, alpha-collidine, gamma picoline,
and the like, can be used. Especially useful are N,N,N',N'-tetraalkylethylenediamines,
butane-diamines, and the like.



[ I am [ -, di- and tri(lower)
ary diam nes. Especially preferred are nono-, _
:Ingylt e;tn! neg, the al kyl groups having from1l to 6 carbon atoms. Typi Cfil ly,
there can be used nmono- , di- and tri-methyl, ethyl, n_—propfleuguseriﬁ)ﬁl ,
n- butyl substituted am nes, nono- and di-cycl ohexyl am ne, ethyl nethy

i ne, mor p@DI4sa72 N- (1 ower) al kyl cycloaliphatic ~anines, ‘x’%ﬁ\iﬂgs@?/zssso
6l\ll-mrrgt hyl cyg‘%hexyl am ne, N, N -dial ky![ et h?/LelrlegIn??nggiSén;i EZS : and the |ike
' anedi am nes, the NN, N '-trialkylp nef ) L '
?Inal géldr){ ;)p cygkic tertiary amnes, such as pyridine, alpha-collidine,
gamma pi ccr)\9 P‘r’t\tg LR %%m?ﬂykg?coedaﬁ{yﬁéddg@@.y E@gfslrmy pe msa:tj.I uﬂt ﬁggffaﬁ(de .
', N -nheerior ailed [ eyrliged Iyl e e e ferid AL e, and, the 11xe.
Ehglhglt’zoos \/\oﬁg{)/ fézn PCT/ US99/'28650 g FPE‘I‘%%EFW’%@an?aer
and terti & preffedeyialay) %@iﬂaslédnemytméﬁer?eﬁrﬁfmcﬁélkig%rﬁg}ayng?% egg; eg y
A \ i i .amne.is di-n-butyl am ne; ( 7 € !
Cr B kyl BPEAREr 28 Skl DS A G oty e Tn e rsjommierd s
pyri di ne. m'EIslevarpnwﬂhlihr‘arideo_méﬁIE,l piid Faﬁé/sé%tﬂﬂri g&’ egﬂ‘?g%‘ivsén%ﬁ%&@%ﬁS-le oy
' vary within wide limts, ] _ _ .
Concent r aPTELSTIEd TG § Rl WEShcy amies Gbmatisest arnisboyt 2010 8B0RUIY rBks f 1 Om
: : ) 100,.nmol es of nonoval ent phenol. I n the
ahout f2 ' Op%roufmblgtrﬂfs é%ngoenwtlﬁxzt %hr%g erie ‘P¥ngeaitgtiagnamimer tisl greferredder , and
case of a terti :
oD S5 shdenbySroaimiconpa ;oo 1 Yo oot o
: ' anines, if water i ) \
ﬁ{‘;‘[‘ Slre VY@'P@%%%%%%&M%E% Widntestizsyiandas, ifogat?omtnotlﬁéiﬂoﬁ@ffbi‘i% ﬁf Chen
1 . 1 reac 1]
i ne perthd Q6ackidh @sixaire, A0 &N Bleferldt WALE rde HEITP Cbomt: 158
gm Se gboﬂt 1(():ﬁ?ml eg of ter ieaery am ne, enigaij?u (?09%9‘)% 1#80gnoles of
triethyl ARmife ,pebéQO nodesvof plenol. If water is removed from the reaction, then only
about 10 moles of tertiary amine, e.g., triethylamine or triethylamine, per 100 moles
of phenol need be used as a lower limit. Even smaller amounts of tertiary diamines,
such as N,N,N'N'-tetramethylbutanediamine can be used, down to as low as about 0.2

mole per 100 moles of phenol.

Typical examples of cuprous salts and cupric salts suitable for the process are shown
in the Hay patents. These salts include, for example, cuprous chloride, cuprous
bromide, cuprous sulfate, cuprous azide, cuprous tetramine sulfate, cuprous acetate,
cuprous butyrate, cuprous toluate, cupric chloride, cupric bromide, cupric sulfate,
cupric azide, cupric tetramine sulfate, cupric acetate, cupric butyrate, cupric toluate,
_ and the like. Preferred cuprous and cupric salts include the halides, alkanoates or
sulfates, e.g., cﬁprous bromide and cuprous chloride, cupric bromide and cupric
chloride, cupric sulfate, cupric fluoride, cuprous acetate and cupric acetate. With
primary and secondary amines, the concentration of the copper salts is desirable
maintained low and preferably varies from about 0.2 to 2.5 moles per 100 moles of
monovalent phenol. With tertiary amines, the copper salt is preferable used in an

amount providing from about 0.2 to about 15 moles per 100 moles of the monovalent

phenol.



of phenol need be used as a lower |imt. Even snaller anounts of tertiary
di am nes, such as N,N,N N -tetranethyl butanedi am ne can be used, down to
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PCTI US99/ 2868fkrebryl ¢ hal ides are generally preferred over cuprous halides
for the preparation of the copper am ne catal yst because of their | ower
cost. The use of the copper (1) species also greatly increases the rate of
oxygen ut ilpithatprantice pftthe iaventignsthegeatalyst (atso kIpMIyraferanzmutlabor)rﬁaahe on and

the | ower 0 t theh d_space of eactor helps in
reduci ng tgdgt?igntﬁ& %%?%dé?so rgperéqu% SO ﬁ P A QHEEE e ! Olf‘ IJESOUPHRE "t he
grgggr at i gRos Bsﬂcvcbfrdshmérabétmnwpﬂﬁfphézmlﬁlﬂn&@é errMﬂQ) isSnérindySmadiat . No.
445
during coupling of 2,6-dimethyiphenol and is a preferred catalyst.  Other
diphenylquinones may also be present depending on the phenolic species being

oxidatively coupled.

Reaction conditions that favor generation of the backward dimer are preferred and can _
be readily controlled. When the level of monomer is increased during the early stages
‘of oxidation, higher levels of TMDQ are produced. Likewise, a slower initial reaction
rate with the copper (I) based catalyst also results in an increased accumulation of
unreacted monomer and a increase in the amount of TMDQ eroduced. The copper
amine ratio affects the amount of TMDQ generated with a higher ratio of amine to
copper favoring an increase in the amount of TMDQ. Additionally, allowing the
reaction mixture to heat, preferably from the reaction exotherm, also resuits in higher
levels of TMDQ. Generally, the reaction mixture is maintained between about
30°and 45°C, however allowing the temperature to increase to even 50°C resuits in an
increase in the level of TMDQ. Preferably the level of catalyst is less than 10% by
weight with respect to the PPE.

Numerous studies conducted to determine conditions that can lead to increased levels
of backward dimer ( e.g., TMDQ) during the oxidative coupling process have resulted

in a number of other unexpected factors that affect the formation of backward dimer.



ret al.). In the practice of the invention, the catalyst (also known
gg:og}r:])ei niti ato%) for thep redi stribution reaction is preferably generated
in situ during the oxidative coupling proclelss. BSCngr(rji ﬁélﬁgﬂ(&)uuggjls'ic%%%of
t et ramet hyl di phenyl qui none (TMDQ), is nornally nade uri _
2, 6-di net ngsﬂng gnd is a preferred catalyst. Qher di phgg}f}lﬂ%@%g&)es may
al so be present depending on the phenolic species being oxidativery
coupl ed. Reaction conditions that favor generation of the backward dinmer
are pref eti:r. ed.and can, be r e?di ly controlled. Wen the level of nononer is
i ncr eased FdSh iGESHE tsriptio of phedolicomopsmenta enivemi(gier,6-eylehd:toluedVDQ ar e

' ' ST T : i ate with the copper (I)
Pased cai el i o berR: BAGKyarl dihdh rohiB05L 4O bikiadfinsn ot otcabebali el

nonomer annamenty dwsEadtiont méxrareo Ut pedvidIYRQIRERBEL 86bre 508 i f Hﬁ%;%ct%r?n m.nget o

tio affgcts the anount of . T nerated with a higher ratio o :
(r:gplpgr fageg?qeﬁqjurgna%%gerag%g% “?CE/%"?ﬁ‘g?eé’ﬁ%uﬁﬁebmmm%dcﬁiﬁ?lbnaumymghwel ovmalngo
acbxidaive t & hediy I tereacm.gxo erm
:qul '[ g i tr)lhﬁiﬁhﬁsef&dﬁl?\%e?s glf %&%@%ﬁgg f’%h@ R c|:t81hralrff xt dPEi s
mai nt ai neﬂh%?l%‘\éb@f{ycﬂ?lf)t&%tio)@dmdda%5¢jnch1m¢emoghth ofbagwiahedikRaper ature to
i ncrease to even 50C results in an increase in the |evel of TMDQ :

! . is.| t han 1Q% wei ght with respect
o the PR ToNRAERY eHcabRlIRY thehdic, GFiipduills e o aniiibragos Rep can
lead to iofcthepsmdsd, eheTHMDQf(cbankvmedbatiWRid Hirfery becolMORhcotblirhag kb e

i dat i in rocess have resulted in a punber of ot’her unexpected
Pactor s tHECEH FREERT fradtiaaaiehon dops st skAbbo clbas e ghes re2ip O

00/ 46272 invention also includes processes to increase the hydroxy! level on PPE by increasing
the level of backward dimer (e.g., TMDQ) during the oxidative coupling process and
incorporating at least a portion of the TMDQ through redistribution (i.e.
equilibration). For example, a PPE oxidative coupling reaction that has a TMDQ
level of about six weight percent based on the weight of the PPE at the end of reaction

had a hydroxyl number of about 360 umol/g after equilibration.

The polymeﬁza_ation reaction is preferably performed in a solvent. Suitable solvents
are disclosed in the above-noted Hay patents. Aromatic solvents such as benzene,
toluene, ethylbenzene, xylene, and o-dichlorobenzene are especially preferred,
although tetrachloromethane, trichloromethane, dichloromethane, 1,2-dichioroethane
and ftrichloroethylene may also be used. The weight ratio .between solvent and
monomer is normally in the range from 1:1 to 20:1, ie. up to a maximum 20-fold
excess of solvent. The ratio between solvent and monomer is preferably in the range
from 1:1 to 10:1 by weight.

The temperature to carry out the polymerization stage of the invention generally
ranges from about 0°C. to about 95°C. More preferably,'the temperature range is
from about 35°C. to about 55°C with the higher reaction temperature near the end of
reaction. At substantially higher temperatures, side. reactions can occur leading to

undesirable reaction by-products and at temperatures substantially lower, ice crystals
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PCTI US99/ 28650 First, increasing the ratio of phenolic nononer to sol vent
(e.g., 2,6-xylenol:toluene ratio) |leads to higher backward dinmer ratios as
does a high addition rate of phenolic nonomer to the reactPowgHst@d@Be. As
previ ously di scussed, increases in the reactor tenperature also leads to

i ncreased WRPEFEL73f backward dimer. Finally, running the ORCHESIN2S650
coupling at a | ower percentage of oxygen in the reactor (i.e. a |l ower
phenolic to oxygen ratio) also |eads to increased anounts of backward

di mer. |ffoRra adghet sctmddn. f YOCH) i olii G 1S added at the
equilibration step of the p?gégggjg!)z?ﬁg&'}%’%ll(og‘?ﬁ%%gg%té?é63%&“ A di nmer)
becones iinergessorkavedationt $0°¢ hresiPREnaard inaeask éadhé deva] hif Hackywehdodimler PPE. | t

shoul d be_clear, .t hat the presen inventiqgn al so includes processes to
i ncrease Rrﬂ%"cﬁ%f?ag@?%f’nglm(?ﬁtaﬁjﬁﬁﬂbeyreaﬁﬁ SN FRfctighe | evel of backward

dimer (e.g., TMDQ during the oxidative coupling process and incorporating
at | east Thepgrotéssrundf rebdtionT 88XitidHs0M8 ihd ?QFyﬁ'IeFikmbtnL QkH hs Peaction i

equi libration). For exanple, a PPE oxidative coupling reaction {fi% has a
TVMDQ | eVEPPERUEH RRYEER aRergnanddhe dike doasudiftnd based wai thhtexadt tfpet PPE at

t he end S5t | had. a, hydr oxyl, nu r.,of about 360 nol/g after

equi l i brg{“?l(é)n. Thg hélﬁeqnggﬁl'zaﬁgnéﬁfi E%E%Enth%p r@?‘é@&ﬁ?ylsp%‘?‘%ﬁ'ﬂlﬁ%t&/i n a
sol vent . dStermhaetevisiohy énlife vatesiti GetefS AlhbipH ftBerdRONE AR Gs FR) AT ent s.
Aromatic sql vents such as benzene, toluene, ethyl benzene, xylene,” and

o-dichl o neVAEY JRIFERICHIN{S: pREnBIg ¢8| 2 aredetsogined ereamtibh otimept hane,
trichlor o -diehl orqet hane and .
trichl or ggﬁ%@%em ?rdaf}‘mé’?ﬁs%ng’é‘%g‘g"d .°a”r‘ﬁe89\§tg‘9’g R Ve, B8 E e RRSERTRIA bt and

nmononer selution malylajsol be wthized.ange from 1:1 to 20:1, ie. up to a nmaxi num
20-fold excess of solvent. The rati o between sol vent and nononer is

e 7S B B8 A b e B s o i © 1
molecular weight of the PPE, at least one phenolic compound is added to the reaction
mixture and allowed to circulate while maintaining the temperature preferably
between about 20° and about 150°C, preferably between about 60° and 80°C. The
reaction mixture is maintained at temperature for about 30 to about 90 minutes,
although longer times are possible. During this redistribution step, the flow of
oxygen has been preferably halted as the oxidative coupling has been completed.
Generally, higher redistribution conversions are obtained under air as opposed to

nitrogen.

In the process of the invention, the functionalized phenolic compound is chosen from

the following:
A) phenolic compounds with formula

Rl

G
X



ranges from about OC. to about 95C. More preferably, the tenperature range
is fromabout 35C. to about 55C with the higher reaction tenperature near
the end of reaction. At substantially higher tenperatures, 5diugest2083ct i ons
can occur l|leading to wundesirable reaction by-products and at tenperatures
substanti alW& 00/¢s28% , ice crystals 5 August 2003 WO 00/ 4627%@1%'%995596%628650
formin the solution. As previously discussed, allow ng the reaction

m xture to increase above about 50C results in an increase in the |evel of
backward di Her. lglroduced tt}g}' can be used to catalyze the redistribution
reaction. YRESErOCEPLCSENY 2 oidkegenhtem maieniadnd growp amd Xpuipyeseniszatiliyh, such

as reacti fip, ' amin@NRBLALL Y. f ate_and t |ike. are nodified

based on t gI!éxaca%mta;%gtlﬁl n%@gg%?a%agi%‘ﬁw {J%éi Pléo(ﬁ‘?CteAr:Eyé‘n@B&ﬁrhsuM t he

pol yner i za@aresmaied, &satonykegtdup, adetdeouyi pedpiah hese gronp idiea ‘fﬁi%?%é&u%;}/ meter.
nt's,

Al t hough . mat.hods such as ki.n nol ecul ar wel ght neasure
runni ng t ?%?%ngég %ﬂrﬁ“ﬂgg?ué’a‘@g%o% rgyrﬁgnts FoRYFIEKY EFYPter an eppercgrbiped

endgroup Gwherelit Katiadnbe Qbpdrited FOHYS : j in_ solution may al so
be utilized. After ta(hyg endp of the oxli;.edg)?l&\%grﬁc%%g*ﬁ%g%ﬁ raga%lg?’gﬁr(&? @ﬁerm ned
by the dedyhessin thiptosaluiunbenel egsborvatotrsdn RiREAlkal gloaps httahed RO EROlichoCOMPOUNd
i s added trf?xgti ﬁotrrﬁﬁ%tth Six.n‘i xture and allowed to circulate whil'e

mai nt ai ni ng-the tenperature preferably between about 201 and about 150C,
preferably between about 60 and 80C. The reaction mxture is naintained at
t enper at uBg f obisphendi c8MpindabatitfofRulai nut es, al t hough | onger times are
possible. During this redistribution step, the flow of oxygen has been
preferably halted as t)be oxXi datJ ve coupling has been conpleted. Cenerally,

hi gher redi sty but i on conver siBns are obtained under air as opposed to
R
}
s e
4 R
4
R X R’

wherein each X, independently of the other X represents a hydrogen atom, an allyl
group, an amino group, a protected amino group (e.g., protected by a tertiary-butyl
carbonate), a carboxyl group, a hydroxy group, an ester group or a thiol group, with
the proviso that not more than one X group represents a hydrogen atom, R? and R’
represent an hydrogen atom or an alkyl group with 1-6 carbon atoms and each R*
represents independently of the other R* a hydrogen atom, a methy! group or an ethyl
group;

C) a phenolic compound with at least one of the formulas:

10



nitrogen. In the process of the invention, the functionalized phenolic
conpound is chosen from the follow ng: A) phenolic conpounds with formula
HO R, X 9 5 August 2003 WO 00/ 46272 PCTI US99/ 28650 wher ei n RAugegh28¥8nt s a
hydr ogen-at om or an al kyl group and X represents an allyl group, an am no
group, a pWetl8déxEd amino group (e.g., protected by a terti aPgrisdylseso
carbonate), a carboxyl group, a hydroxy group, an ester group or a thiol
group, wherein R is an alkyl group when X represents an hydroxy group or

an ester group ggthergin X may;be sgplar at ed fdﬁ)m t he phenol ring through an
al kyl group and} wher =| n the tptal punber of [car b\on atons in the al kyl
groups attjache b phenol han si x; B) bi sphenol
conmpounds™| THO H D'E'ndently of the other X
represent g atom an am no group, a protected
am no gr oy go, protected by a carbonate), a carboxyl

Yy
a thioljgroup, with the proviso

group, a h up, an est
t hat not r%g b X group%g % a hydrogen atom R2 and R3

m o n
wherein m and n have values from 2-20;

D) phenolic compounds with formula

@Cﬂhx-y

wherein x has a value of 12-20 and y has a value of 1-7 or a derivative thereof;

E} multifunctional phenolic compounds with formula

RS
HO’ i OH
OH
wherein R’ represents a hydrogen atom, an alkyl group, an allyl group, an amino

group, a protected amino group (e.g., protected by a tert-butyl carbonate), a carboxyl

group, a hydroxy group, an ester group or a thiol group; or

11



group with 1-6 carbon atons and each

represent an hydrogen atom or an al kyl
R4 represents independently of the other R4 a hydrogen atom a nethyl

group; C) a phenolic conmpound with at | eadwugost068 t he

group or an ethyl

formulas: 10 5 August 2003 WD 00/ 46272 m or wherein mand n have val ues

from 2-20; D) phenolic conpounds with fornula PCTI US99/ 28650 CxH2x-y
-7 or a derivative

wherein x hd a veheseliotordgeiisatith ¥mbidgrauydh iR f
ornmula OH wherein R5

thereof; E) nmultifunctional phenolic conpounds wt

represents a hydrogen atommn al kyl gr oupgé an allyl group, an am no

group, a protected am no groyp (e. ©H, Pro ected by a tert-butyl carbonate),
NP, | 8 er group or a thiol group; or 11

a carboxyl group, a hydroxy/g~Q
5 August 2003 F) phenol 0-3@4 p groups with fornula Rs CH3
HO - (( )>-c-(( ))-NH2

R®
wherein R® represents independently of one another a hydrogen atom, an alkyl
group or a methylene phencl group. '

At the end of the redisuib‘fxtion, the functionalized PPE has a lower intrinsic
viscosity, and hence a lower molecular weight than does the PPE at the end of the
oxidative coupling reaction. The degree of the decrease is determined at Jeast m part
I?y the amount of phenolic compound utilized and the amount of catalyst, e.g.,
TMDQ, present. In' a preferred embodiment,. the functionalized PPE has a weight
average molecular weight of at least 1000, preferably between about 3000 and about
| 70,000 as compared to polystyrene standards. In another preferred embodiment, the
functionalized PPE has an intrinsic ﬁscosity of between about 0.05 dl/g and 0.50
dl/g, preferably between about 0.08 dl/ g and about 0.4 dl/g and more .i;:refe.rably
between about 0.08 d1/ gand 0.30 &/ g as measured in chloroform at 30:C | The PPE
may have a bi-model distribution of molecular weights.

Preferab;y after completion of the redistribution reaction, the complex catalyst is
chelated to convert the catalyst into & water soluble metal complex, It is also possible
to add the chelating agent with the phenolic compound or even before th;'e_ phenolic
compound. In either case, it is piefg?able to add the phencx.’tit:.c:::zq:»c:-;x:z{xﬁllI w:thm a
short time frame after the oxygen flow has been discontinued as the TMDQ will
begin redistributing and can become consumed before serving as a catalyst for the

Phenolic compound,

‘Man.y diverse extrac@ts or chelaing agents may be used in the pracfice of the
invention to complex with the catalyst: For example, sulfuric acid, aceti¢ acid

12



CH 6, 3 Rwherein Rs represents independently of one another a hydrogen

atom an al kyl group or a nethylene phenol group. At the end of the

redi stribution, the functionalized PPE has a | ower intrinsi&AugHsicHBt v,

and hence a | ower nol ecul ar wei ght than.does' the PPE at the end of the

oxi dat i ve ¥BE@HHE2AY reaction. The degree of the decrease is pet/essiged at
| east in part by the anmount of phenolic conpound utilized and the anmount
of catalyst, e.g., TMDQ present In a preferred enbodinent,. the

functiongli i | ecul ar I ght at | east 1000,

prefer ab‘ffillj)r/l g?‘m“ggaﬁs’g‘ﬁl%“d?“‘%\%&g Qg% Hﬁg 3%@ gla{}rgg, Wt%@a%ﬁ‘gﬁﬁdeg{qﬂ%‘ Beteyst yr ene

st andar dsaterinlsaaretaidsd pr & PPEr edctsrbastutii) the thgperfauiag b%g)si peshoiBE has an
|

intrinsic .visgosi of bet \/.veeg about 0.05 dl/g and 0.50 /g, preferably
bet ween BHHUE GP@%‘Y‘HW gridatiomfessinod take placg. Aanndiffsront ofateridls may et ween
about 0. QB4%4{ § i fePred o ShbRBISHIR ' format .30 The PPE
may have a bi ml)ﬁg’lg diestri bEt ?on o?ﬁ%ﬁlg%%ﬁkgg%mg{%ﬁt ésmﬂéF%f’é a Ipﬁ?'after
conpl et i o B83& HE (Bednett etiablt i on reaction, the conplex catalyst is
chelated to convert the catalyst into a water soluble netal conplex. It is

al so possi bl o.,add the chelating agent with the phenolic conpound or

even befole li%ﬁ%ﬁ pﬁk‘gﬁgpg cagcetc]?nﬂbcﬁj . pf’g'%@'fcflﬁé?l Cabexyliq acid rosfairingl e to add

the phenghijoun@Taing:, R daoie, SARRI phi:tBufl Ufa@! WALIdAEAXYASH 1] oW has
Wi an be

been di scontinued as the TMDQ _begin redistri uting an cone
onsumedMNJe¥lo reitris e3cid, ngjyeise 4indagsaesisily foosferably theyemoll ite selagredirftbm Many

o
diverse @ diibaBbRafine” NSl b3 Sl PintSsShytapbigid" At ce of the
' aminocarboxylic acids, aminopolycarboxylic acids, aminocarboxylic  acids,
polycarboxylic acids and their alkali metal, alkaline earth metal or mixed alkali metal-
alkaline earth metal salts. The preferred agents include ethylenediaminetetraacetic
acid (EDTA), hydroxyethylenediaminetriacetic acid, diethylenetriaminepentaacetic
acid and their salts. Especially preferred are ethylenediaminotetraacetic acid OF a
mono-, di-, tri- and tetrasodium salt thereof and the resulting copper complex can be

referred to as a copper carboxylate complex.

The chelated metallic catalyst component can be extracted with the water produced in
the polymerization reaction by through the use of a liquid/liquid centrifuge. The
preferred extraction liquid for use in the process of the invention is an aqueous
solution of lower alkanol, i.e., a mixture of water and an alkanol haVing from 1 to
about 4 carbori atoms. Generally from about 1% to about 80% by volume of an
alkanol or glycol may be empioyed. These ratios may vary from about 0.01:1 to

about 10:1 parts by volume of aqueous liquid extractant to discrete organic phase.

The reaction media generally comprises 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 co-efficient of the copper (I) species that is being
precipitated. The halides are highly inscluble in water, log Kyspvalues at 25°C. are -
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I nvention to conplex with the catal yst- For exanple, sulfuric add, acetic
acid, 12 5 August 2003 WD 00/ 46272 PCTI US99/ 28650 ammoni um salts, bisulfate
salts and various chelating agents nmay be used. Wen these 5makestialog are
added to a PPE reaction solution, the copper-am ne catal yst becones

poi soned agg, foMsifaer oxidation does not take place. Many differen
materials my be wused but it is preferred to enploy those @ﬁgﬂgﬁg%{{fs‘égents

that are disclosed in U S. Pat. No. 3,838,102 (Bennett et al.). The useful
chel ating agents include polyfunctional carboxylic acid containing
corrpounds4-§g-c+13' 3% and orl | Salivp CeCl SluBrumdpOlaseaspectiviey. t SAtisilint warkof! i aceti c
acid (NT, Ltrie acid l.yci ne .especially preferably they wll be
sel ect ed {ﬁ%rgﬁ]&dd’&‘@%P&?F%cﬁg"ﬁgf‘ﬁﬁéﬁmoﬁgﬁﬁg RS usdeyhe formatien efs ¢.g., CuCl,

am nopol yCHChOatiCuGIE S by ofH¥r BEGBIRIEYdpbSie@CNIS1ind M | vcar boxyl i ¢
aci ds, am nocarboxylic acids, pol gca??t%fyl iec gg?é@%%gg%eﬁigs WY netal ,
al kal i ne SO&fePH Yrevld| cyppmsex oy araledularmweight aliiyk anineomatid hya®tabosal ts. The

preferre t.Snd hyl enedi am net.etraa ic acid (EDTA),

hydr oxyet eﬁgﬁea?ﬁdg%gne ri gglggiv%l%cingt@e‘afgy ?‘f‘y‘fv%‘ﬁgtt]\af’%l?ﬁ%&éﬁ@ibﬁt@tth@ aci d
and thei rqaedussoliope Cnalskjilalrinfiee sachoug ttdiid @Rl A NghaLEAACSLL © aci d
or a nono- -, tri- 0?nd tetrasodi um salt thereof an e resutting

. di : ur
copper cRPREPURLG agti-solyen if any wes widizgdcopper car boxyl ate conmpl ex. The
chelated nmetallic catal yst conponent can be extracted with the water

produced in tAErROLYIRIIFERL LA viCaelp £ hr h. t he use of
i quid/liquid centrifuge. The ﬂ%&’e?’%rﬁ%"@ Ibggggglﬁmf‘i‘%ﬁ?“&e?t&t“ﬁ?ea in the
process &igheneolidsvieweli asnpart ofitheaguletiors of stad BPE.O/Predipita@of fusiokadfiRlard i - €., @

e PSS T B SRR T e o 5 e ™
generally useful for isolation of low molecular weight PPE due to the small PPE
particle size and friability of the particles. Very low yields are obtained with
undesirable fractionation of oligomeric species. A total isolation process is preferred
for isolating the PPE. As part of the total isolation, a portion of the solvent is
preferably removed in order to reduce the solvent load on the total isolation

equipment.

Concentration of the PPE containing solution is accomplished by reducing the
pressure in a solvent flash vessel while preferably increasing the temperature of the
PPE containing solution. Pressures of about 35 to 50 bar are desirable with solution
temperatures increased to at least 200°C, preferably of at least 230°C. A solids level
of PPE of at least 55%, preferably of at least 65% or higl;er is desirable.

The isolation of the PPE is typically carried out in a devolatilizing extruder alth;ough
other methods involving spray drying, wiped film evaporators, flake evaporators, and
flash vessels with melt pumps, including various combinations involving these
methods are also useful and in some instances preferred. As previously described,
total isolation is preferably from the viewpoint that oligomeric species are not
removed to the same degree as with precipitation. Likewise, isolation yields are

extremely high and are near quantitative. These techniques require however that the
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al kanol or glycol may be enployed. These ratios may vary from about 0.01:1
to about 10:1 parts by volunme of aqueous liquid extractant to discrete
organi ¢ phase. The reaction nedia generally conprises an ag&ééigygst 2003
environment. Anti-solvents can also be utilized in conbination with the

aqueous magdoaoteeshel p drive the precipitation of the copp | es.
The sel ection of an appropriate anti-solvent is based parﬁ%f’i"%/gggz%gﬁ%he

solubility co-efficient of the copper (lI) species that is being
precipitated. The halides are hi ghl y insoluble in water, |og K[sp]val ues at
25C. ar e Catglyssrempyak pe sompletsd inohe BHPIRCTS (S899 42 $6% Catdlydiremain®h and -

11.96 fogolt%lg;ll wil@d@ées?ﬁ?ﬂy %’*Snlart&?iﬂetﬁé 'Figﬁl y. Solubility in water is

i ncrease t he presence of excess of Halide ions due to the formation of,
e.g., Gud 2, CUC13 , and CuCl4 and by other conpl exi ng speci es.

Non- | i m Devglatikzingleatruddérs and iprocesses an¢ Enowonligl tlw)m’prah@@)giiéﬁﬂynﬁb@l%”aar wei ght
al kyl and aromatic, hydrocarbpns lﬁetones . alcohols and the like which in
Chetrse! vEERGTvY CRERHEr SONBPLD N T4 fiple; yenjing sechigne B solisniutemenal. dae ski | | ed
in the affe prasticd dretha k@ ehOinS&h et | unt  of

anti - sol veni?,Q it _any ‘\%gs uti| i_zggl.’ tl%??%?%éepn%éllg [%B%t&?g%lu@éa}?gﬁ]@{lfngt he PPE
cont ai ni i§ I ig fegnintos theadeyelatitiaing extroder anfdi mhiataimal dtdstehpesiurage@art of

the isolation of,t.be PPE. Precipitation using standard non-solvent

t echni qu&‘gntag?ﬁ“czglts ¢b?ndﬁl5ﬁgF?$’$¥ FF St .aW.aB%“tngsgg(t:’é\ndt’%%ﬁ prpferablyibegvesne not
gener al | gla2bar i | kaht_.PPE. due the snal |
PPE par%?dg?gfssi zgqgndﬂ??%g%?ﬁ ﬁ{/thlg?gf e S%y{ ?i::fe\gg earb uﬁ)&?a{/i I"8s are

obt ai nedrepiitant sglvdetsievelbiseeducadtip deatthan abdut 200 QPRT, iptefeRABEI RSs thAnt ot al

50 RS B AL bl RS TP A BT e e fotal

When using a devolatilization extruder for the total isolation of the PPE, it was found
that traditional underwater or water spray cooling of strands of extrudate followed by
chopping the extrudate into pellets gave unacceptable resuits presumably due to the
low melt strength and inherent brittle nature of low molecular weight PPE. It was
found that special pelletization techniques can overcome these difficulties. Useful
techniques include die-face pelletization, including underwater pelletization and
flaking, declining angle strand pelletization using water spraying, and vibration drop

pelletization with underwater pelletization especially suitable.

It was unexpectedly found that underwater pelletization resulted in a significantly
lower color in the PPE as compared to the standard stranding with water/air cooling
followed by pelletization techniques. Yellowness index (Y1) numbers of less than 30,
and even less than 25 are achievable as compared to YI > 50 achieved with the
standard stranding technique. It should be apparent that the present process affords a
method of preparing a PPE with a YI of less than about 30, preferably less than about
25.

The collected PPE peilets can be dried using techniques standard in the art including

centrifugal dryers, batch or continuous oven dryers, fluid beds, and the like.
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preferably renoved in order to reduce the solvent |oad on the total

I sol ati on equi pnment. Concentration of the PPE containing solution is
acconpl i shed by reducing the pressure in a solvent flash végsgusiiioBe
preferably increasing the tenperature of the PPE containing solution.
Pressures oftvoadnom27235 to 50 bar are desirable with solution pie Wgﬁg es

I ncreased to at |east 200C, preferably of at |east 230C. A solids Tevel of
PPE of at |east 55% preferably of at |east 65%or higher is desirable. The
i solation of the PPE is typically carried out in a devolatilizing extruder
al t hough otiPRéerHBatiosRd an #pproprislg seimfxpnditiphhiepn be readily detmeiviap by @he 685,
flake evapordhhsne ARGinbhARuY EARE RN MBIt PUMPS, including various
conbi nati ons 1 nvol ving ese nBthods gréral so useful and in some instances
preferred. As previously described, total isolation is preferably fromthe

vi ewpoi nt t ifate wicxgenst rdvaspeeicfshapessant invérgavedmhle: FRdaiRcdesfre e as
Wth precipitation. L | n yields are extrenely high and are

[ kebvm e, .Jsolati el Xt | ]
near quanti USPEVRE NRFELY aFEWWHng{‘j‘EéprPgﬁ‘i?ﬂr‘% stho i heroxidativeraeuplivg Bagtimgust
2003 WO 00/ : > | e .in _the prior
process st eg‘g%ﬁl’zﬁ;ﬁﬁ? gifsﬁ%@tﬁ é@é%ﬁ%?@?@é%ﬁ o%ﬁév%nl%r' Itr\egg[éog%QFqcF be
i sol ated i nwitheuPPprionisoigtian of thei PRE. eXhis yueress amdadvanngss 8 cekerediivh i N
the art and_typi aIIX i.nval ve t 'hn- rew extruder equipped with nmultiple
venting sectiTE B deducing B Tk, nanfiling iegs spvabierc Moraus e EEnis

nvention, _iltfeduie i adaceaenBis aidsaing 1R PPIORNBHALTY roldIGoRRF, iR e
into the devolatili Z|_ng extruder and mai ntai ned at a tenperature SS than
about 275C, PRRdn{er2petakls splyess Sorimdistrigbtion. 750 Procaswiaisosiffopdsed erestdyto
betveen  abike 1§ AL HbigH: 908 WoRSwil ob HSriY VRIS MerOled Siive 3"

dl/g and about 0.16 dl/g) functionalized PPE.

-All patents cited by reference are incorporated herein by reference.

In order that those skilled in the art will be better able to practice the invention, the

following examples are given by way of illustration and not by way of limitation.

Examples

Standard PPE Polymerization procedure

The catalyst solution can be prepared by stirring 0.41 g of cuprous bromide
and 10.9 g of di-n-butyl amine in 100 ml of toluene. The catalyst is transferred to a
one liter stirred-glass reactor equipped with an internal cooling coil and inlet tubes for
oxygen and monomer. A rapid stream of oxygen is introduced near the bottom of the
reactor and a solution of 70 g of 2,6-xylenol in 100 ml of toluene is added through a
metering pump, over a period of fifteen minutes, to the rapidly stirred solution. The
temperature is maintained at about 30°C by circulating water from a constant
temperature bath through the cooling coil. At about 60, about 90 and about 120
minutes after the beginning of monomer addition, samples of the reaction mixture are

withdrawn, stirred with a small amount of 50% aqueous acetic acid, centrifuged, and
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resultant solvent level is reduced to |l ess than about 1200 ppm preferably
| ess than about 600 ppm and nost preferably |ess than about 400 ppm When
using a devol atilization extruder for the total isolation of AuggstioR3 it
was found that traditional underwater or water spray cooling of strands of
extrudat e WBIOM4®EH by chopping the extrudate into pellets REKAESI9/28650
unacceptabl e results presumably due to the low nelt strength and i nherent
brittle nature of | ow nol ecular weight PPE. It was found that speci al

pelletiz I, S:.C r Se di flcultl
t echni qug{sh i clfrgﬁh%&&gﬁf gccge@arﬁ%{(feﬁ?' ge oltl%rﬁ T UEFRP! E?ﬁ?j’eméﬁ@ﬁm" of
pel | et i zaietanandiltekédaiashed d:adi imétAghohngh@ di"id’daﬁlﬂd&e|v|a@ﬁd1ﬂat IpinsRi Ng

wat er -sprayi nq and vibration drop pelletization with underwater
pel | et i zaY'PeAsitiss pECEIskiFddnichigrfarm ﬁ@luma% i HE Gt ase txpi¢adlyrraeasheed as

under vat &.,9eb st kA0 PN IESUHE D Br ShOBol 106aALhY1od BEL ngﬁ'ﬁ%rtmpgl the

PPE as conpared to the sta str I ng w't alr
by pel | etalizmbtson t echni ques. Yel |l owness index (YI) nurrbers of less than 30,
and even |l ess than 25 are achievable as conpared to Yl > 50 achieved with

the stangdard stragnding.tec ue. apparent that the_ present
process atTUYR(E In %f"fé‘{’ﬂ’é‘ff' Jﬁ'B?’é‘HHVF%; g%ﬁ’ﬁ”\ﬂ?’ P-gd’(f'"ﬁfp REsygthesiin about
30, preferably less than about 25. The coll ected PPE pellets can be dried

usi ng t eckPE gulmesizaihawds perfétiedaddeoidiy tdineGstartRid bidddade Winebs. batch
or continuous oven dryers, fluid beds, and the |ike. 15 5 August 2003 WD

00/ 46272 ?wmsgfgp%@@mwré@ AT.rialupRmanst oxyigemp Bt i exareple sas efdadohd® t i ons
can be readily flel8F Mipesdsb rt wthout ., u
exper i ment a ﬂ]t rfg Ghe une%pe%’f@dl%’agggn?égdélnghg q%lleég%ls LTS R ?ﬂ#’t o make
functi ona(IG)@Hd PRPE6hgylenol at the beginning of the reaction. As the results show (see the
Table below), BX-COOH acts as chain stopper and low molecular weight
functionalized PPE is prepared. Attempts to prolong the reaction (up to 5.5 hours) did

not result in any significant increase in molecular weight.
Example 2. Preparation of functionalized PPE resin directly during PPE synthesis

The procedure was repeated according to the Example 1, only BX-COOH was added
with last portion of 2,6-xylenol that was continuously added over first 40 min of the
oxidative coupling reaction. As with Example 1, BX-COOH was a chain stopper and

only very low molecular PPE could be obtained.

Example 3. Preparation of functionalized PPE immediately -after oxidative

coupling

The standard PPE préparation has been done according to the Example 1, except that
BX-COOH was added immediately after oxidative coupling (PPE synthesis) was
stopped.

Al} the products were isolated via standard catalyst removal step, solvent evaporated
and the unreacted BX-COOH was removed by Soxhlet extraction with methanol (15

hours). The products were vacuum dried at 90°C overnight and characterized.
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usi ng the inherent backward dimer produced in situ by the oxidative
coupling reaction to catalyze the redistribution reaction during the

pol yneri zation reaction process wthout a prior isolation &6fAughstZPB. This
process has advantages for cost reduction sinply by reducing the nunber of
handl i ng sY&P943¢ol ved. Mreover, the PPE is subject to feeerusbesisso
treatnents than isolating the PPE followed by re-dissolving the PPE into a
suitabl e solvent for redistribution. The process also affords a nethod to

about 0. o Qi eRiet Bt Al g bodtys iy o B P kB ST phtonis

cited by reference are incorporated herein by reference. In order that
those sKikHendl dep. t hg MWt ghdil De Mgt §/81o) aDT & 19 @practi cemon, t he
foll owi rjg exanpl es dre given by way of illugtration and [not %y way Of
limtatijon. Exanpl eg Standard PRE Pol ymeri zgti on proceddriscofpsragat alffyst
solutionf can be prepared by stirring 0.41 g [of cuprous hrom de and|10.9 g
of di-n-butyl aminefin 100 m off toluene. The catal yst i Ytransferrgd to a
one litgr_stirred gllass reactor |equi pped wi tth an internal cooling cpil and
inlet tyldxslfor oxyg@®d0and nongreed A rapi d 1gkr eam of gxygen s i1 njroduced
near t hg bottom of tthe reactor |and a solutijon of 70 g of 2,6-xylenpl in
100 M ¢ —tHere |: added—through—a petering pulj, qver a p(:\ri od f

fifteen rﬁ"rﬁjt es, to|oR rapidly |s $2P9r ed sol §ti#Bn. The {&fiperature §s
mai nt ai ed at about 30C by circul ati ng wat e froma cons,tant tenpefature

bath thiqugh the coghbhogy coll. 3pgut S0 amipabout—126—| m nut es
L 1(J(§| tio Pg

after the begi nningjof nononer 4 sarrpl es of the action mKkture
are Ww rawn_stinred with a smll armunt of 50% aquegus acetic agid,

centrifuged, didabbvédexbmgpied ill2OPde that functionalized PPE may be prepared by the

process as described herein utilizing the TMDQ generated in situ during the oxidative

coupling reaction without addition of additional catalyst.
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WO 00/ 46272 PCT/ U599/ 28650 t he polynmer solution is decanted. The pol yner

can be precipitated by addition of nethanol, filtered washed with

met hanol , and dried under vacuum Intrinsic viscosities areAuwgusf208d in

chloroform solution at 30C and are typically neasured as 0.29, 0.48, and

0.57 dI/g respectively for the 60, 90, and 120 m nutes reaction aliquots.

Exanple |. Preparation offunctionalized PPE resin directly during PPE

synt hesi s Egg )l ynmeri zati on was perfornmed according to the standard

pr ocedur e Hgé)'Z, 6- xylenol, copper/am ne conplex, toluene and oxygen. In

this exanple was added 1.48 weight percent of

4, 4" - bi s( dyiyhi@ edr di met hyl phenyl') pent anoic acid (BX- COOH) per

2,6-xylenol at the beginning of the reaction. As the results show (see the

Tabl e bel ow), BX-COOH acts as chain stopper and | ow nol ecul ar wei ght

functi onal il zAdréeEs tb rognepenmtionaliztdprispdertyéenp etbbrongn, stid prasesst i on (up to 5.5

hours) di dc not..r esult in any significant increase in nolecular weight.

Exanpl e 2. ?gf‘pepargati on offunctionalized PPE resin directly during PPE

synt hesis The procedure was repeated according to the Exanple 1, only

BX- COOH was added 1:5a0, . rfk 6z .4y Louously
f%ﬁ&%ﬂg?%@ﬁéﬁn%ﬁ g ({gict?on S&M{JSH Qe léa@f‘{m@’?ﬁox&@;ﬁv{ﬁbﬁﬁ

added over first 4 i ve coupling reaction.

Exanple 1, BX- %ﬁ&dggeé‘ieﬁ Q@ix{i%éﬁ BRPEEn adkitairlnk ra¥ @M 4 @mplbesetar PPE

coul d be obt ai npl e 3. Preparation of functionalized PPE i medi ately
-af ter oxidati veatalystipd proglikiee solypéenyleRREthersesireandn begkwiaed rlivhene
according to th(-% Ex , except that BX-COOH was added i mmedi ately

anple 1
after oxidative Wdﬁq‘ﬁoﬁ"’ge”(tpﬁﬁé%?ﬁ?‘??e%qu) was stopped. All the products
were isolated via standard catal yst renoval step, solvent evaporated

ii. redistributing a functionalized phenolic compound into the
polyphenylene ether resin in the reaction solution of step i without the

addition of an added redistribution catalyst, wherein the level of backward

dimer in step 1 is increased by one or more of the following:

a. increasing the ratio of the monovalent phenol species to reaction
solution;

b. increasing the addition rate of monovalent phenol species to the reaction
solution; -

c. increasing in the temperature of the reaction solution during the
oxidative coupling;

d. decreasing the percentage of oxygen in the reaction solution during the
oxidative couplin’g; and

¢. using an amine-copper catalyst and increasing the ratio of amine to

copper.

19



and the unreacted BX- COOH was renoved by Soxhl et extraction w th nethanol
(15 hours). The products were vacuumdried at 90C overnight and”
characterized. 17 5 August 2003 WO 00/46272 0 The char act erd swges 2603 al |
the products are presented in the table bel ow PCTIUS99/28650 Phenol

der. Mwv, g/ nol Vh, g/nol Tg, CPhenol incorporation Ex 14000340014654 Ex
23700320014086 Ex 3229001140020394 The above exanples illustrate that
functionalized PPE nay be prepared by the process as described herein
utilizing the TMDQ generated in situ during the oxidative coupling
reaction @t Thutprockstof ehainf 1 addireirotirl fusatiohylided pleroliu@ispodR@3s &LAl VS
What is clainmed: 1. A process to produce a functionalized polyphenylene

et her resﬂ?ﬁSts’@ﬁGomﬁﬁé‘%@Sd@@[ﬁﬁ frenvige gfo“ﬁ)@ﬂé@hﬂEQf'oupl ing in a reaction
solution at |east one nonoval ent phenol species using an oxygen containing

gas and'a& pg{%ngﬁtc%lomﬁcﬂ}ﬁsyﬁr&thtf%r&quuce a pol yphenyl ene ether resin

and a bac

Rl
€
X

. wherein R! represents a hydrogen-atom or an alkyl group and X represents an
allyl group, an amino group, a protected amino group,
.a carboxyl group, a hydroxy group, an ester’ group
or a thiol group, wherein R1 is an alkyl group when X represents an hydroxy
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of the nonoval ent phenol species, and ii. redistributing a functionalized
phenolic conpound into the polyphenylene ether resin in the reaction
solution of step i without the addition of an added redi st PiAgust@03

catal yst, wherein the | evel of backward dimer in step i is increased by one
or nore of the following: a. increasing the ratio of the nonoval ent phenol
species to reaction solution; b. increasing the addition rate of

- monoval ent j 3 i L DR, i ii in the
Femper at ur By P SR REELFTohP G ERHapbe o2 Ppldktd ont the BREAAMAE "o

decr easi ngHraip; %ﬂ?}rﬁgﬂ)@ afdl WelsrelntH @ tdleashbarpfcakbin afres in g t he

oxi dati ve coupling; ahd™ e. using an am ne-copper catalyst and increasing

the ratio alkyhgroaps attachedeto. the plenaligingtis pobB@e thmsiyr ocess of claim |
wherein the functionalized phenolic conpound is at |east one conpound

selected fromthe group consisting.,of: A) phenolic conpounds with fornula
HO wher ei nBR1 rg}ﬁpg%af%orﬁ?ﬂ}}ﬂ&%&gﬁl&rﬁﬁlér an al kyl group and X represents
an ally! group, an am no group, a protected am no group, a carboxyl group,
a hydroxy groyp, an estger group_gr a thiol group, wherein Rl is an alkyl

group when X Fdpresent sI!{zan hydrBxy
I
0 c 0
L
s 0 4
R X R

wheréin each X, independently of the other X represents a Hydrogen atom, an
allyl group, an amino group, a protected amino group,
a carboxyl group, a hydroxy group, an ester group
 ora thiol group, with the proviso that not more than one X group represents a
hydrogen atom, R? and R3 re'prese:ni"i an hydrogen atom or an al.kyl group with
1-6 carbon atoms and each R4 represents independenitly of the other. R4 a
hydrogen atom, a methyl- group or an ef_hyl group; |

<) a phenolic compound with at least one of the formulas:

0O
H;C—C—CHs ' Hy,C~C~CH,
OH | ., ?? |
or n
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19a 5 August 2003 group or an ester group,wherein X may. be separated from
the phenol ring through an al kyl group and wherein the total nunber of
carbon atons in the alkyl groups attached to the phenol rihdugest@®03nore

t han six; B) bisphenol compounds with formula wherein each X, independently
of the other X represents a hydrogen atom an allyl group, an am no group,
a protected am no group, a carboxyl group, a hydroxy group, an ester group

or a thiol grouyp, wth the proviso t ,hot nore than one X group

r epr esent sSW&Er d?@&érp_bf“é‘?‘nea%fsﬁ?dng?q’epr esents an hydrogen atom or an
al kyl group with 1-6 carbon atons and each R4 represents independently of
the other R4 a by SRR fhd@wiRt fghdaoup or an ethyl group, C a
phenol i c c@ﬁpouﬁ%&é\nt atltj?east one of the fornulas: or 20 5 August 2003
wherein mand n have val ues from 2-20; D) phenolic conmpounds Wth fornul a

OH CXH2x wheH n x has a value of 12-,20 and y has a value of 17 or a

derivative, ereof E) multifunctional phenolic conpounds with formula OH
H .

CxHax-
wherein x has a value of 12-20 and y has a value of 1-7-or a derivative, thereof;

E) multifunctional phenolic compounds with formula

RS

OH

wherein Rérepresents a hydrogen atom, an alkyl group, an allyl group, an
amino group, a protectéd amino group, |

a carboxyl group, a Iiydrbxy group, an ester group or a thiol
group; or | a

F)  phenolic compounds with amino groups with formula

6 RS
T~
0 C NH;
i _
. CH .
RG 3 \ Rﬁ

wherein Ré represents independeptly of one another a hydrogen atom, an

alkyl group or a methylene phenol group.

21



wherein RS represents a hydrogen atom an al kyl group, an allyl group, an
am no group, a protected am no group, a carboxyl group, a hydroxy group, an
ester group or a thiol group; or F) phenolic conpounds wi thdaAwigHet 203ups
with formula wherein R6 represents independently of one anot her a hydrogen
atom an al kyl group or a nethylene phenol group. 21 5 August 2003 3. The
process of claim1 wherein the nonoval ent phenol species conprises

2, 6- di methy Thteeprsicessiof diaign drwhersin dhe picriavalenitphvesioh spededeoripeises di ner
conprises, .tetra yl di phenyl qui none. 5. The process of claiml further
conprisiﬁ%sﬁﬁpﬁgﬂﬁéﬁﬁﬁﬂihe functionalized polyphenylene ether resin using
a technique selected fromthe group consisting of die-face pelletization,
under wat | eti.zatl : L r .L.zation using
mater-sp%%y?ﬁéFﬁggégv#gﬁgggg%héggggg%p%g%ﬁggﬂ%ﬁﬁbéﬁﬁﬁﬁ%b%ﬁocess of claiml
wher ei n &@gaﬁﬁﬁﬁyknppé%fg?hﬂgﬁgphenyIene ether has an intrinsic viscosity
between 0.08 dl/g and 0.4 dl/g as neasured in chloroformat 30C.' 7. The
process of claim1 wherein reaction solution conprises at |east one of

t ol uene, Set Bk pencess of cajireh &artberitempoisbigpelistizing she fortioralizedane, -~
trichl oronethane,. di chl oronet hane, 1,-2-di chl o o‘etdhéne, ‘and
trichl or ggf emydene ether resin using a fechnique selected from the group

consisting of die-face pelletization, underwater pelletization, declining angle

strand pelletization using water-spraying , and vibration drop pelletization. -

6. The process of claim 1 wherein the functionalized polyphenylene ether has
an intrinsic viscosity between 0.08 dl/g and 0.4 dI/ g as measured in

chloroform at 30°C.

7. The process of claim ] wherein reaction solution comprises at least one of
toluene, ethylbenzene, xylene, o-dichlorobenzene, tetrachloromethane,
ﬁic}ﬂoromethane, dichloromethane, 1,2-dichloroethane, and

trichloroethylene.

8. The process of claim 1 wherein the concentration of pal}{phenylene' ether
resin in the reaction solution is between 10% and 40% by weight based

on the total weight of the reaction solution,

9. The process of claim 1 wherein the phenolic compound is 4,4’-(bis(4—
hydroxy-3,5-dimethy! phenyl)pentanoic acid or a derivative of the acid.

10. The process of claim 1 further comprising recovering the complex metal catalyst with an

aqueous containing solution.
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8. The process of claim1 wherein the concentration of polyphenyl ene ether
resin in the reaction solution is between 10% and 40% by wei ght based on
the total weight of the reaction solution, 9. The process of Atigustrr0D3
wherein the phenolic conmpound is 4,4 -(bis(4- hydroxy-3, 5-di et hyl

phenyl ) pentanoic acid or a derivative of the acid.. 10. The process of
claim1 further conprising recovering the conplex netal catalyst with an
aqueous contai ning solution. .22 5 August 2003 11. The process of claim1l
wher ei n t hd laifbuprbcesy oftchaen b adknsturtble athovet ofithe Baelsgard biater 5094 biyn 10@ibght based
on the wei ol yphenyl ene ether resin. 12. The process of claiml
further co%‘%ﬁ%hgléaﬁ%&]%éfﬁ %%G%}iogéelpﬂgplfeﬂﬁgﬁecglheéfelslfed pol yphenyl ene et her
resin using underwater pelletizion. 13. The process of claim1l wherein the

dovol ati 11 2t L st TR B 08l St BR1oRSSE R et i PEBBRRY | 2at i on

i s acconpl egbedsimtsihgapderviater padletizionni t h a devol atilization extruder. 23

13. The process of claim 1 wherein the functionalized polyphenylene ether is isolated at

least in part by devolatilization.

'14. The process of claim 13 wherein the devolatilization is accomplished at least in part

with a devolatilization extruder.
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