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MANUFACTURE OF LOW MOLECULAR VEI GHT POLYPHENYLENE ETHER RESI NS THROUGH
REDI STRI BUTI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS Not Applicabl e
FEDERALLY ®e@a@RED RESEARCH Not Appl i cabl e BACKGROUND OFCTRESIY2¥GAINTI ON 1.
Field of the Invention The invention relates to a novel process for the
manuf acture of functionalized pol yphenyl ene ether resins through

redi Stribution W bdhcsd doRGik MDRUFACARRIP RBW HoGRIRRUGE Lhe pol yphenyl ene

ether resin polynerizati on reaction solution wthout e addition of an

added redistributi on catal yst or pronoter. The invention also relates to
the functionalized BbTP)VE E HEWSTP@QUHHHB@T'HWFH@ process as well as
bl ends and articles containing the functionalized pol yphenyl ene ether resin

made by t herdasReesENncETo RELATED Beseindnon of the Related Art Pol yphenyl ene

ether resins (hereinafter "PPE') are comrercially attract

because of Hl’fPerE i que conbi nati on of physical, chem cal m&mm mml cal
properti esN Store, the conbination of PPE with ot he ns. provi des
bl ends which result in additional overall properties such as SR cal

r esi st anc egepar AL YSroReuRED Resexkchi gh fl ow. One obstacle to bl ending PPE with
other resins is the lack of conpatibility between the resins. This | ack of
conpati biljty, of.t mani fests itself as del am nation and/ or WO 00/ 46272
PCT/ US99/ %5"6’ B %’?e physi cal properties such as, for exanple, poor
ductility. One useful nmethod known in the art to inprove the conpatibility
bet ween r e3ACKSROEND OF THETEVEIWHION eact i on products between the pol yners that
will act as conpatibilizers for the resins. The

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
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reaction products are often thought of as copolynmers of the resins. One,
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. ig%o/p&wrrers such as pol yam des inherently pospepgsddfidds am ne
and carboxylic acid endgroups that can readily undergo reaction with
another resin containing a wide variety of possible reactive noieties.

Pol ymers |i ke PPE contain primarily phenolic endgroups and are in general
not ~suf fi cPeaitnhysieal prenegiiestsych as fpt example Poof drcdiint Baﬁélﬁefﬁle@é‘@'%n product s
I N comrer Ciafuinf gt b fnfbACES 36 atfb_ilit? Baech REin@ PR’ RRtrafetRlcribRt hods and
processes to I ntroduce functionality into PPE are highly sought after.

Redi st ri bupiodugts hétweerk thevpelymerethal wilbacitas sampaibiligeesnior the weinpodhels

i ni | ' I ' h fford PPE
i ng. door sl parsaf SR 8RR RS a AR REEIRE 1O T: O of PPE wi th

phenol i ¢ conpounds, the PPE are usually split into shorter units with the
phenol i ¢ cOnpehaltengn do ppperng thei aforementiMEd r¢agtiorh graduets ds thepneedofor r eact i ons
illustrateg, j.n .t o i y | I t e phenolic
conpound a%ébtg' ecsggsa?r{/ltgg r és%gturagﬁag? Fef}&jit/ﬂs ?’ﬁlfaé‘q‘g?%ﬂ%‘f’g%%ﬁmé’élg’st ?)orH:e reaction
m xt ure. Aptlgmeiseath ng miyasidey anledently mpesest bothsamige ned ahibpxylet awdn 60 and

80C, the redjstrihuted PPE..jS._iS t ed. order to uti]ize the

Pog st 1 buBisRuph A G AL bt Mabifun bl WpiEe {ofin Cealei B Mge o e
needed t havarigpubfipossiblereactivé heietiee dPdlymeraditte PPBrahtajnr privesiye phenoBact i on
vessel s, and, handl i of PPE, It oul.d be . apparent, that. a process that
ool a ¢ ako SR anbaa pisabae AT rORHTTR T de i HrATBLBRET ot od
mechani cal reaétitn tsW bdrimErCiab Feasibie Ipyocaglyant ageous. SUMVARY OF THE

| NVENTI ON 2 00/ 46272 PCT/ US99/ 28650 The needs di scussed above have

been general tisfied by the discovery of. a process for pre ing a

f unct i onal ?‘z‘hé‘@%ﬁ%’?ﬁ‘d\gaﬁ}/?‘é&"gﬁﬁ H’lﬁ?cieﬁs?‘l?sw o CBMB?’?@%E‘% d prior to
i sol ation afe Kiftely Rbtght rafer. t Redistiboidn, \atso @idphi d30equiidvédtiod) of ipidnelie and

wi t hout the addition of a catal sé"&or, a x%‘omt er. The oxidative coupling
reaction cBMARUPEHEONtaning at lsapt 0bs Bpctignalimpistyghas beey ghozm;tojatford PRE cat al yst

for the regdiviigd bdirhble Tuiciofdlinn ) eedib@itibR réfiord BAPPE OlikiPPEenbli®Vi des
further details regardi ng various_enbodi nents of the invention. DESCRI PTI ON

OF THE DRAWIMUESnd theRfifi are asyally ppditdntopshortirsnits with the pienqliecampgendr 10N Thi s

i nvention g{cQ‘Tﬁbggea ilf,ﬁ{epprprocess for the preparation of |ow nolecular

wei ght PPE, preferably having an intrinsic viscosity between about 0.08
dl/g and 0,16 dI/,%,, by oxi datiyve coupling at |east one npnoval ent phenol
speci es, phetheredifigibution reagdensyllpsirated dm therartythe BP Enig\dissaljedin 4 $Alyedh i n at
lleast the (R tﬁé%ﬁol@ﬁxﬁﬂoﬁﬁﬁaxﬂ@cq@ﬁi,Qﬁﬁ@na{ﬂ? withl £88RoteR, it B&d RaR@ POSi tion,
to produce a PPE having an intrinsic viscosity of greater than about 0.16
dl / g as netesctiaacmixiure.ARer deating atteler 8! temipstptures, gsnerpdly bebweeni68f agd gas and a

conpl ex ne -amne c . ferably a copper (l)-am ne catalyst, as

t he oxi di z?@‘l&g‘&éﬁﬁmﬁ@g‘#gﬁi%%h?"r%’g at | east one additional phenol species
to produce a PPE having an intrinsic viscosity within the range of about

0. 08 dl / g lmomrderootutilize the adédisiribwiion teshnolegyt inragcoatmdraaliyt feasiple manner, ©f t he
metal catalyst as a | -organic.acid salt w th an._agueous containing

ol uti on. _Bitaess e ReFdey ook SREmbirber ie et oanioPD BRSRRET, FROT et Pon
sol vent . | ness¢ls; spdihantilitgrif PPEN€lt slsbilid beogpparephthaiod ppesithf waalprakses a
functionalized phepol ecies..ln another enbodinent, the additional phenol
species is® V&ﬁﬁag‘? BE&’F i PRIYIGriatgBRRIOGGSY ?Ss%ﬂlr;‘ff”&f*&?“c?h?‘l‘ﬁ‘%‘!“ﬂ. The PPE
enpl oyed i Wolld®eRk®&HN advaiBpdou®n are known pol ymers conprising a plurality
of structural units of the fornmula 3 WO 00/46272 Q2 Q1 @2 Q1

PCT/ US99/ 28650
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wherein each structural unit may be the sane or different, and in each
structural unit) each Q is independently hal ogen, primry or secondary

| ower al kyl (i.e., alkyl containing up to 7 carbon atons), phenyl,

hal oal kyl , wiydoReat Kyl , hydrocar bonoxy, or hal ohydrocar borretyusedizssesi n - at

| east two carbon atons separate the hal ogen and oxygen atons; and each Z
i s i ndependently hydrogen, halogen, primary or secondary | ower alkyl,
phenyl, haloal kyl .. hydroca I rocar,bonoxy. as. defined for Q
Voet of ¢ anmPeciettt dige i Bl bRty Blney 3EAE B g PEYrdBrAFAES Cach (@

d
i s hydr ogefor pBpardingo fonpidnatized BREthampb kedistrbutiel withea pleablidednpoliie pref erred
honopol ynmers are those. co Lning 2,.6-dinethyl-1, 4-phenyl ene et her units.
Soi t ol o BTy el ST s BB Rt Fudhur Shatte ol ARG SHOMERR {5 1 n
conbi nat i ofhe Wditlor 604 cRNRETVr Q)prémeted- THe siEddiye céu;ﬂing herhbamdrioher units.

Al so included are PPE cont ai ni,ngg noi eti es gr epared by grafting vinyl

nmonomer s ofansagiverd toattord spdficient jnssitycatalyst top the gedistripHiongeactign. wel | as

coupl ed PPE in which coupling agents such as | ow nol ecul ar wei ght

pol ycar bongegescription AR F1idvat RoadasClufBeralthill edgaRdiie vHHdEE BRbsdmEdts On i n
known manner with the hydroxy groups of two pol y(phenyl ene ether) chains to
produce a MitBhE¥erSPecul ar wei ght pol ymer, provided a substanti al
proportion of free CH groups renmains. The PPE are typically prepared by the
oxi dat i ve pgsaripTiog c¥fTHRDRIAGMSds one nonohydr oxyar omati ¢ conpound such as
2,6-xylenol, 2,3,6-trinmethyl phenol, or .m xtures of the foregoing. Catalyst
systens arﬁ (ga%ngr ily enpl oyed for such coupling and they typically contain
at | east on8 e ?ﬂ?emat al conpound such as a copper, manganese, or cobalt
conpound, usually in conbination with various other materials. 4 WO

00/ 46272 PRETAISOIDEXBRIBDIONIOFWHE INVBNTI@pparent to those skilled in the art
fromthe foregoing that the PPE contenplated in the present invention

i nel ud L. : . L o . ¢ ¢ |

uni t s or - anpir HRERIGE RG0S for G0k o GFRREhIAUED Bt 1P MR Nl 0L O (7

nmononer napPE ercfamablyddvingtankiptriasidivisgosith deiweem about 0ro8rdbigeand dx16ndiMgoners to a

sui tabl e rgact.i,gn sol vent and. pref erab a c er-amne catalyst. It is

preferred yoo’éﬂ%‘v)? CSH?mighaéqﬁ%f 5%?‘?‘2%’?!%‘}1?‘?‘*&0‘?%3“6% é’§§€f3‘élyc?% ?%'i‘gtc"hpri c

sal t - secongtiyn efwiiich kavealystitutivh dhatcleast the twe sARPDpSitions! prid myd_ectgde@ of de andh
carried out in the

di n- but yl ne. .The pol yneri zati ons dvant ageousl

or csence. oRAISH i BF GRS PTdp Prfices PR BITHAORTIN. AR aNM A6 EB4 h ot al
brom de. Tingn bbik 9381 db/g ik ABasieed HRhIRSfoHR GE28°C WirdgeMSxyRén Edntmigpout 0.1
nol e to about 150 nol es per |00 noles of phenolic nonofrer. These catal yst

materi al s gasand asempled metakraming catalyst, pregerably 7 sappend)-trane petalystt asghe )

These prongharae Pt Jrosn TRy My o A AMEAT FEITRSIe A" 70, ).

having an intrinsic viscosity within the range of about 0.08 di/g to about 0.16 dl/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



The primary, secondary or tertiary am ne conponent of the catalyst. conpl ex
generally correspond to those disclosed in U S. Pat. Nos. 3,306,874 and

3, 306, 8?5 (Hay) II'lustrative nenbers include aliphatic am nes, including
al i phatic Joh gd di -am nes, where the aliphatic group peasbezssdor ai ght or
branched c a| n ﬁy rocarbon or cycloaliphatic. Preferred are aliphatic
primary, secondary and tertiary nonoam nes and tertiary di am nes.
Especially preferred are nono-, di- and tri(lower) al kyl am nes, the al kyl
groups havi frorall to 6 carbon atons. Typically, there can be used nono
di- and tri- ; ethyl, n-propyl i-propyl, n-butyl substituted am nes,
nono- and di - hexyl am ne, ethylmethyl am ne, norpholine, N-(Iower)

al kyl cycl Oart nes, such as N-net hyl cycl ohexyl am ne,

N, N - di al kyl et nedi am nes, the N, N di al kyl pr opanedi am nes, the

N, N, N, -tl‘lﬁ { anedi ami nes) and the like. In addition, cyclic tertiary
am nes, suclras pytidine, alpha-collidine, gamma picoline, and the I|ike,
can be used. Especially useful are N,N,N , N -tetraal kyl et hyl enedi am nes,
but ane- di avmep&?eacﬂ@g'u&nﬁl ﬁdlmayéxzthemgajcﬁﬁ%@t rgnnléﬁlgsjtgééﬁaq MXt ures of
such primary, secondary and tertiary amnes nay be used preferred nmono
al kyl ani rescti &' nis bindgpendentiy dlogerp rpsineary edl sdécaliry| lowat alkyl {iadi alkylbut yl

At o bRl S 6O abldn i, AT S, REABHAT! i BrocheBASL 4T o6 cvel T ¢

tertiary amne’l i’on 0 econdary

am ne i n thkbhydacirbanxyrniwietsire antegstvtamycanbmhatnmwscimrdtc e balogemt ands de5| rably
added in | ow concent r‘ggi R'Qs)'isiA re(IZe{l d ran of non-terti J.ary am nes
conpri ses PYET AHBH AN { aBgd’fm 89 %?%Qg‘bagfgeidﬁ’w &5 “Mnoval ent
phenol . | nowheliodyhenyl, laldatkt, ih&d(y)cﬁHémQy ot htohyiekaboetty agdefnhed for

consi der ab oa , | ses fromabout 0.2 abput 1 0 nol es per
100 nol es ly“ﬁ?)"ﬁ(?\%ﬁ’?’e‘ﬁf g%e'ﬁ(? W Pheny gretsP%‘ Ya 'naééﬁ’ F‘Fdo s not
renoved friggidgee reaction mxture, it is preferred to use from about 500 to
about 1500 noles of am ne per 100 nol es of phenol If water is renoved from-
the reacti t hen only gbout 10 es .of rid -

triethyl ar#)‘ﬁlé h8‘?‘°l?¢¥‘8?‘rﬁ??§ﬁ??l%’?“p‘§g ‘fﬁd“%’bq[eg's%b \éﬁ“é'FFg Wgagﬁ’ﬁrsused as a

| over | i mdre tiRée ToRtAiMingeR,6a0MeEtAyIS], Hbhénleché @¢hér dinAdr MElesélfpblyﬂﬁrs

N, N, N N -tetranet hyl but anedi am ne can be used, ow as about 0.2
mol e per re@u‘f-ﬁaqa&%%?w%m comaining sHoh apithsy @glbamewﬂtezém §X3mRe)and cupric
sal ts sui tabkrihéth ltMpHén?fé%Eth&ﬁﬁ‘n@ hawe 1ﬁdl\1cfeﬁ‘ﬁre"l“i’£ Rt Smoitli@se salts

i nclude, for exa ¥ cuprous chloride, cuprous broni de, cuprous sul f at e,
cupr ous aznrer@redc@pr gaamget/m&lmrnp@owﬁ ot @olymepsy sueh a8 cpolysyrenes pandus
butyrate, eSééEHMaEWeH% Cou éWP]§ Cwbllu‘é’ﬁ b&lﬁlm?&&hlscsum Qmow“moﬁb\ﬂ%r' ¢ sulfate,
cupric azi cupric tetrarm ne sul fate, cupric acetate, cupric butyrate,
cupric t ol weigls, palycarhonetes, %nonﬁ,ehwpwle@lﬁmﬂoﬂwndmdlr@mm wagignt i i ncl ude
the halid I Q upr ous

chl ori de, G’%’B’?‘. %ﬁﬁ@g}n\ﬁt& n@m g §§ups or| déap@ﬁ%'?lle?gsﬁ?)at lmc%tﬁj)prl C
fluoride, moguceadigheemaleeulamueight polymenpedvaded.a substintipl proportiomoftfreecondar y
am nes, t concentration of the copper salts is desirable naintained | ow
and pref er abIBP PSSt r om about 0.2 to 2.5 noles per 100 nol es of

nonoval ent phenol. Wth tertiary am nes, the copper salt is preferable used
i n an anoufte [PPBEvacti mgxdaﬂpnpxapned 1. Zhet @xslotnet cdbplimgl ef apeleast OGnenol es of

t he nonoval e heno WO 00/ 46272 / 9 i C haI i des are
gener i |y BrEPEPEAtAE coiund HEF | BedoTUIEnoh bbb GHRPEYPEIRObI o he copper
ani ne cat ahjktiredsFaRreghing! Uatalyst spuierhs £@ generally@mpided fortsich coapipgr (1)

speci es al sq reatl i ncreases the rate of @/ en utilization in the early
stages of #MdhEH Hy £optamnat, lgast Opg Reaigmetalecq pd SYshyh2 G8PRSEnt ration in
the head S:aafcganéaf: drR6balt@RFIpMIndN By inRofmBRMEGINEitE Weiohd StkerGhatériale oOf

explosion in the reactor. process for the preparation and use of suitable

copper-amne catalysts is in U S Pat. No. 3,900,445 (Cooper et al.). In
the practice of the invention, the cat4lyst (also known as an initiator)
for the redistribution reaction is preferably generated in situ during the
oxi dative coupling process. Backward dinmer, tetranethyl di phenyl qui none
(TMDQ, is normally made during coupling of 2,6-dinethyl phenol and is a
preferred catal yst. O her di phenyl qui nones may al so be present dependi ng on
t he phenolic species being oxidatively coupled. Reaction conditions that
favor generation of the backward dinmer are preferred and can be readily
controll ed. When the |l evel of nononer is increased during the early stages
of oxidation, higher |evels of TMDQ are produced. Likew se, a sl ower

initial reaction rate with the copper (I) based catalyst also results in an
|ncreased accunulatlon of unreacted nmononer and a |ncrease in the anDunt of

——. e~ o —_— e Y Y b1 B " Y —— me— g~ T 1



7 WD 00146272 PCT/ US99/ 28650 First, increasing the ratio of phenolic
nononmer to solvent (e.g., 2,b-xylenol aol uene ratio) |eads to higher
backward dinmer ratios as does a high addition rate of phenolic nononer to

t he reacti ogoghxhey €. As previously discussed, increases poriub®nre@act or
tenperature also | eads to increased | evels of backward diner. Finally,
running the oxidative coupling at a | ower percent age of oxygen in the
reactor (i .e. | ower hen lic t. xygen r 0), al.so | .eads reased
amount s of Itb&'éﬁ\kﬁr@p?:ff’ ﬁlﬂﬂ%{‘ﬁdr ?’f %ﬁ%“t f%ﬁ%ﬂ"i‘gzgt? ﬁ%hgf’;

conmpound i goréifSiatedtin ﬁh@r@aw;hvehﬁat inBRdé mrho@é plebeRtIP kAW, SnestpbaleNDQ (or
any ot her backward diner) becones incorporated into the PPE and can lead to

a hi gh hydebyariatipgsgn Sql"f"“é‘h]d{ill“ﬂ"‘b%‘cﬂ'la@’a‘?he’ﬂ‘r%tfe{‘tH@Spresent i nvention al so
i ncl udes processes to increase the hydroxyl |evel on PPE by increasing the

level of bagakvRlythediziRh §the. pheddoQnofibiidreay BE carfiedadt Wy Sddityl ey process
and incorporating at |east a portion of the TMVDQ through redistribution

(i.e. equi Phenolie reenpmergF maongmstseto @ spifible, tgagtian; %V%@pﬂmt@ferablacm on that
has a TMDQ.Leurbmble caRRME I?is)i)re\!ﬁlrﬂmo iy ofithe g??ﬁgn%oh m:f'th ce0f the PPE

at the end of reaction’had a hydroxyl nunber about /g after

equi | i br at iobmcuprissalistopneary amine spfalystzsueh @snfqrgxqsmdr,@mm ghltm;iefaod ded in a

sol vent. Suid, 0 :—ﬁ;é tents.
Aromati c stx){l vgtr?r%rfsﬁnguc gglﬁggrﬁétel%{essd% %e%u&?ﬁ rﬁgeﬁl?e'ﬁg{eey%/ ene Oqfaand

o- di chl or olseimregmicoaikaliometelchramidg Opraefalécnhmarthlmdvaitbgimlﬂet The inorganicet hane,
trichloro hI 19 a tric r oet hyl ene
may al so B@%oﬂrﬂ 8% m hBeJ]UV\srgﬁgﬂ? epgl?o |ef(§r Q%n %bv(\)gleﬁ sng ?/gon{}mgﬁ@nn%ﬂ%%?ﬁog normal | 'y
inther angmlésrafmhdnohcmnaﬁerl These caiglydt enazerizbarerdescdbedf il WS ebat. s of

sol vent . bet ween. sol.ven nd manoner. is preferably in the range
from1:1 tge’féggé 89°%§f shel) Tﬂétr? HrReRE tahs SRy s he oyﬁgl‘Vmerr zation
stage of t Reonditent desiredeMEtesd poniciigate Hiselbeabiauy,sO@at. tio. 3)988,2995C. More
preferably, the tenperature range is fromabout 35C, to about 55C with the

hi gher readBsWAtEAPer ature near the end of reaction. At substantially
hi gher tenperatures, side reactions can occur |eading to undesirable

geac%ogoh%gg;@ﬁgug_/s Gé;:gdd%f}dggﬁ%&famtauﬁﬁs cBmpériean tof ahé Ycataﬂ)p»sermnipl‘eiﬁ crystals
ormijn the.solution, eyl QusLy
di scussed, B W??Q’efﬂ?é‘ %a‘&‘lngr?"]r‘?f")gt‘ﬂr‘é t B34 Aos-cH3: @%ﬁ'@ St/ S50C

resul ts in@E&y)l Mhis@aie MBmbdE ilcRME aligHatid amines rifc1GdinE bliphafél o6l dngat can be
used to catalyze the redistribution reaction. The process and reaction

condi t i ons di-aiines whsts) theralinhatig grovp cawe ltraightras hranched chainhydroearprsvast ur e,
oxygen ro d get

nol ecul ar I gzi]{?hﬂgéﬁaﬁ-réd %g 8 p0| nt g’?%ﬁ’gﬁ%gra&ﬁén z ﬁgﬁéalng&rs

conveni ent layd teetiagy diamsvﬁspbpldh' firefeir¢dnare wiopeodi-ayd mmer) aliyl hming$ ot her

net hods sugh,

predet er m nedﬂﬂe% ﬁaﬁmgﬁég%f%ﬁmm aﬁg{c%%@ﬁ ec ‘3‘?’8&’%‘

concentr at i, (dn andrm{xmsdxgtgﬁnn-tpmwlenpmayl; oibutyh s@tlmtedmmnmymhmnue
utilized. the en oxi dat i e co det er m ned
by the desrdrg t’@&‘tﬂ“&r C\‘K@Fﬁm}'%’?‘"tehgm plin, ?\P h %? gﬁ’( “r‘i‘éﬁ%’aﬁt“& conpound
i s added t amiilee, suchal NomethyXiclolexplathine| NW'Rﬁhlk}QetﬁylEﬁdiammcsy\:fheH‘e,mei nt ai ni ng
the tenper ad alllky?prg;r;a%fe ;rzriunlex the N,N,N,'-trialkylpentanediamines, and the like. In

addition, cyclic tertiary amines, such as pyridine, alpha-collidine, gamma picoline,

&.2

and the like, can be used. Especially useful are N,N,N',N'-tetraalkylethylenediamines,
butane-diamines, and the like.



bet ween about 20 and about |50C, preferably between about 60 and 80C. The
reaction mxture is nmaintained at tenperature for about 30 to about 90

m nut es, although longer tines are possible. During this redistribution
step, the flgyah,0xygen has been preferably halted as thgcpydosiadeki e
coupling has been conpl eted. Generally, higher redistribution conversions
are obtained under air as opposed to nitrogen. In the process of the

i nvention, the functionali zedﬁ(g@enol i.c compound is chosen fromthe

f ol | owi ng: Maturss &R SUSHPTHRARASFYCARY; ANl teramn Amaings may-pe usedg A ProverTerd/ 46272
PCT/ US99/ 28GR0 aiAsinfhdlis BLbuiyd REARE R hiefedred MANGY SRR UM fRbutinfthél ¥ha 91 oup and
X represents an allyl group, an am no group, a protected am no group (e.g.,
protect ed bypreferred mq&k}a-mwlls dagthyderaine) ) prefeaned ooyglic dertiary, anaindysir oxy
group, an dhiQl . iagu-ig-i oup when X
representsgé%n‘ﬁ%ey%@ng%ngg%&géﬁ%n g%@rseé@g%‘g , er etlﬁ?\ Ct?rdé)éx {))(télgésepar at ed
from t he pmepotary witin wideubmitanbudl ik ydesitabbyu pdded dinvlosr e¢neentiptionsot 8l nunber of

carbon atons.| - t k. i | 5. not nore
Chan oi x  BoRa SRS M iaker RRing! ARIEE b B SR i ARE o1 s e
~ Ra X whepai 0amdés of momelentnghendl] yin dlie ¢ase oD netiar) ansye, dieepreferred hydr ogen
atom an allyl. grou n, am No._gr oup.. a.protect ani no ou e.g.,

pr ot ect ed Wg%llst 8??&5?@2 B‘i?%%ﬁr’ A grcﬁlgﬁlﬁeé)&fgm S‘étr(ggmr&btr 1(?% ,mdgesﬁﬁﬁr oXy
group, an waﬁblegbnupnmmﬁt %Hah@l V@E}Dﬂdﬂiarygzrhihe% tfgv?)d%rth&&eﬁlbﬁﬂﬂ‘bﬁi drmre t han
one X group represents a, hydrogen atom an represent an rogen

at om or anPhéer%FF“"@l"BWth i Pie-f%"%attob‘lﬁﬁ oL #ROUL AR toalipuiRASQUemples aht s

I ndependenthibe Per i 6 nidl3 T PRéncd Y HaRE & redto068 HramMRE RoskticH, B Gty an et hyl
group; C a phenolic conpound with at |east one of the fornulas:” 10
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., cuprous 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.



WD 00/ 46272 OH EI3CG-CCH3 OH, mor wherein mand n have val ues from 2-20;
D) phenoli'c conmpounds with fornula H CxH2x-y PCT/ US99/ 28650 wherein x has a
val ue of 12-20 and y has a value of 1-7 or a derivative thereof; E)

mul ti f unct iwoabisqtrenol i ¢ conpounds with fornmul a Rs OH whepetrmsddrsgsepr esent s
a hydrogen atom an al kyl group, an allyl group, an am no group, a
protected am no group (e.g., protected by a tent-butyl carbonate), a

T e G
HO ~ C O Niddpger Eiﬁlrel-datal%t BRCINS DI Hi2BAbWer cost. The usé of the copper (1) species
also greatly increases the rate of oxygen utilization in the early stages of the
polymerization reaction and the lower oxygen concentration in the head space of the
reactor helps in reducing the risk of fire or explosion in the reactor. A process for the
preparation and use of suitable copper-amine catalysts is in U.S. Pat. No. 3,900,445

(Cooper et al.).

In the practice of the invention, the catalyst (also known as an initiator) for the
redistribution reaction is preferably generated in situ during the oxidative coupling
process. Backward dimer, tetramethyldiphenylquinone (TMDQ), is normally made
during coupling of 2,6-dimethylphenol 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 produced. 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 results 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 results 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.
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wherein R6 represents independently of one another a hydrogen atom an
al kyl group or a nethylene phenol group. At the end of the redistribution,
the functionalized PPE has a lower intrinsic viscosity, and hence a | ower
nmol ecul ar vw'bg}gngt han does the PPE at the end of the oxigaf i &8 52P! 1 ng
reaction. The degree of the decrease is determned at |least In part by the
anmount of phenolic conpound utilized and the anmount of catal yst, e.g.,
TMDQ present. In a preferred enbodi nent, the functionalized PPE has a

wei ght aveFirsfe ingreasing therratie of Reengkic monomeide solyem, (e@n SGeryenojtduendeen about

3000 and a : [,6f ot her
preferred gﬁﬁgéﬁ%r%eﬁﬂggﬁgg?%g{@gﬁgﬁugggy%%aﬁg@ éaér?ﬂllbgfr???giph&\?ﬁgcosi ty of
bet ween abmenofe0® thé fegctiondmixni® dlis/pggviquskyf discassed, ibereasesim thboeactod. 08 dl / g
and 0.30 dl/g a I r.of t .. The PP have a bi - nodal
distributid c?Fa%“rFﬁnﬁ‘gﬁ%ag? ‘J\’Nl‘fe}}%"}g%% IQF?%&J?%‘{E\%%Q&?%%? 5851 P &SI BF ¢ he

r edi st ri bubkidativeeeouplingn at hlewen pircanage adfadyygen iirs tieh edaatoedi.¢.a bowevert t he
catalyst into ter sol.uble tal. co ex. |t is .als ossible to add the
chel ati ng Qb%‘r?ﬁc W‘E"P{g‘f"rfél'%ﬁésr%?ﬁﬁ%GB%%E%H“%‘}M%‘?}J@HCW‘SF%ePhe phenol i ¢
conpound. In either case, it is preferable to add the phenolic conpound

wi thin a sifnd additionalf fuactivnalized pherdvdic capp@md fis addel as tHeegniliirasiomstep nued as
the TMDQ wi begi n redi i hut i ng, and ,can, hec consuned before serving
as a catal 39Hh°fpa efshé’eg#@hél (tgf:ar@'o %3’8‘&}“”%3 e&n@g?@%s BETPYREA G o

chel ati ng @@EPRS antyanbleadiseal high Hydeoxpr PRPE.i deshohildt frecledithattth® prebént conpl ex
with the cat a%yst. F,orwfxan;fl e% sul furig\ ci.d, cesi C F]glad 12 . WD 00/ 4627
PCT/ US99/ 28SBHORASHRENISSs RFcassesiodnarpase Redyfroxylienel 0o P by mef@ping i ng agent s
may be useehe WP Bf bltRWEddHhEY (e@l, TMIDQ) ddigdhd 6xidatiPECouptiag prdeBssap Ut i on, the

copper-am ne cat al yst ﬁégorres poi soned and further oxidation does not take
pl ace. Manye@iPeraingnt neaserd aﬂoglﬁffbg‘eugé@@ufh’i"fghi dedistebiiore g o enpl oy
those chel é&diﬁ&aﬁ’&\?.ntf%r Tehﬁﬁ]ialé,rﬁPﬂE %gtdaﬁeéicdu?uﬁg reactit thal\Ras STHARY 102
(Hennett et "al.). The useful chelati ngwagen s 1 nclude pol yfunctional -
car boxyl i c leyel of abewisixi weighy persens dased on Seareight of the PPEabihglerd ofyeftiorn pot assi um

tartrate, nitri J I i ifrieqacid, glycine and especially
pr ef er abl yﬂ%#leiﬁd\?v{”{)}ll ﬂ‘%ggésﬁf%ug%é%@r%gpage{/%ﬁuﬁ??@ﬁgbol yam ne pol ycarboxylic
. aci ds, am nopol ycarboxylic acids, am nocarboxylic acids)

am nopol ycdhb erlymetzatioh dedctiomisnpreferabbxparfoemert inds solpeit.ySuiteblersplvews aci ds and
their al kal} . i r.nl.xe i kal i ne
earth net ala} s‘?ﬁ“gkd ﬁkeﬂézgrbe?e:?cgtg%hgﬁg% @LI (r%g?lﬂ%ﬁe% %gﬁ%?gﬁ‘a?ﬁh%e “etraacetic
aci d ( EDTA)qludmgd rethyibenient.c npldne minde ordichdarobenzenei are especially preferred,

di et hyl enet 1 am n taacetic .achd and their. salts. chall referred
are e%/hyl eﬁ@mug%tﬁ'%ﬁe@f)&gg@g{x?,Cm\gtbl?ramgtﬂarg, ﬁghlcgfcfmc a-n?’Ef’?':a1°h§)ﬁ?f¥lla8? rasodi um
sal t theregﬁd aulimlldrbahyleﬁ:uinhy ra%oclmop?ﬂ. cghmhefglhlcwﬁobeetwleéxemwlt tad as a ]
copper carboxyl ate conplex.,The chel a tallic catalyst c ent can be
exltorpact ed \W"Pﬁmfrh'é'\ﬁﬁ? Ly 13- the feneg oHnﬁ emﬁflyﬁfer‘ipzt&t”r B’ﬁX'PB‘Hbgmgby t hr ough
the use of egcekd Rboleht. e Fatiectbiwéch s8R ent BAE mdhGth&r ik prbf@ably arthe engé i qui d for
use in the process of the invention is an aqueous sol ution of | ower

al kanol , i fem L:htq40} by weight. yat er and an al kanol having from1 to about 4
carbon atonms. Generally from about 1%to about 80% by vol unme of an al kanol

or glycol may t&fipepdtine Ot Cshrry oM@ IR pAyOSzalBY stadé Wf ftheO Mvamiml gederdlly 1 t 0 about
10: 1 parts by vol une of aqueous |Ic&%lld extractant to discrete organic

phase. Therma%frp@rﬁbﬁwdw&qg%ab%l% >-c Bfgse preesably, the tamenesateravangsrifent .
Anti -sol VS Hoth S580 B0l %m&‘HSL’?%tﬁ thd'hi eméa?@.{g,.mawe ﬁé}gtr%“e‘dﬁ%%'s medi a to
e copper Specl es.

hel p drive e precipitation o e selection of an
appropri at eeaatidn. - Aokwiatantially highardepparatuas,| sydeoreadtions sa odeut idaging ®e ef f i ci ent

f th I i h i s ,bej i pi ed. . The .hal i
o s CoPUtlle AR S Bl BlAgBASS Dbl o LRLASS 315
PCT/ US99/ 28650 .
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4.49, - 8.23 and - 11.96 for CuCl, CuBr and Cul, respectively. Solubility
in water is increased by the presence of excess of halide ions due to

the' formation of, e.g., Gud2, CUC 3, and CuC 4 and by other conpl exing
speci es. Nevp doj4giei ng exanpl es of antisol vents woul d conpraTzeseb/esssaol ecul ar
wei ght al kyl and aromati c hydrocarbons, ketones, alcohols and the |ike

whi ch in thensel ves woul d have sone solubility in the aqueous sol ution. One

killed i h | d | I ' , d
of anti - sapubt 1 it A8 BRrFbl BB AP BUER e bR B e " The.

PPE cont aiif¢rBdde 20bvd hpit i58°C 030N I Al Gibrdade & kiegltesl FEMackwardadimbr as part of
the isolation of the PPE. Precipitation using standard non-sol vent

t echni quesPredHGEEtaRt gap be pysd tp Sarplyes the redistribuionatepetion; han 0. 28 dl/ g are not
general ly useful for isolation of |ow nolecular weight PPE due to the snal
PPE parti clig gsibdees amtdréattichDidnidition®for tthe poIgbligation, sudkny réwony tigkds are
obtai ned with undesirabl e fracti onatjon of o%jaoneric species. A total

i sol at i on ‘FPBTRYE, PXYESPiasy Falg apdthe; liks) ase mpgifie Papgson e gxastitarget ¢ he t ot al

i sol ati on, p@ed®irt \iva?htoaeshe& SThe @fMipoin d¥T @ SoRRhFZAGIP YL dorlvenighifler tO
reduce the solvent load on the total isolation eqw&rrent. Concentration of

t he PPE colteamitied yithamninilion vissosiy mstes! iAdtheeghsther aprikads guehhas makingsure in a
sol vent flasb.v6Sseletint&uRhRhE" | NG §aSidddteitified SRGHLAT of the PPE
contai ni ng sg'fuu_ti on.> pr essures of a olﬁét q% S ?o 56 a?& are {Sgs?{f“gm e with
sol uti on tconiselling tor asspeeitied grdgrioupocaarentatien, OBCoxygeaf @nadntgtiaf imt | east
230C. A saql | of at least 55% preferably of at |east 65% or
hi gher isE%%%??ggyggoﬁégm§§81ation of the PPE is typically carried out in a
devol atilizing extruder although other nethods involving spray drying,

wi ped fi | misrahereadoefsjhef pxiflativeveoyplingt trastionapgl detemmineds dysthe sdegiredh nel t
punps, in i | i i LOval vi t e al so

sef ui andrAGe e vl BFhe PR 1AL (R phkibE clhBrs 1€ RATS HERBeAA, O 3

i sol ati on mighye ehérallowgd f tooeirdutate Wihdlepmaintaintig theo téngerature cprefeenblyes ar e not

renoved t he s gqree. as .\ reci.pitation Likew se  jsolation
yi el ds ar gbegxy&epeaﬁgtﬁﬁhi%aﬁ ag?@ lgbg]ﬁgeg?glagzs’ﬁﬁef%@%.6I6ilﬁ'ﬁ‘é§go echfi ques
require hoesion miltfike ishMaihfainedMD ©Mp&BEE2fIrGHDNRONY 28 GH6Ut Tt Minveds, r enoval be

conpleted in the prior process sfeps as any catalyst remajning in solution
wi || necesdthpyahylogger, ph, BREcPsHblen o Dpmee tsbseshstmbytion H#eP e flglepls and
processes @(?Eerkﬂe%v‘ﬁbeh hrétBRbB RalRd ds thPbGtvE dolMRlgVRasbebicBmplefe@WV €Xt 1 uder
equi pped w multiple venting sections for solvent renmoval. In the
practice ofienerpllyphigherntedistiibatien eenversipas grecpltained) undataihey aproseds sl ut i on
cont ai ni ng;the PPE is fed into the devolatilizing extruder and maintai ned
at a tenperature |ess ttan about 275C, and preferably |ess than about 250C,
and nost preferably between about 185-220C with pressures in the vacuum
vent of | eladhe prasesqpbihe inventign, treHunctieralizediphenalin campoundsizehoses fiogduced t o

| ess than gbaibwir00 ppm preferably |ess than about 600 ppm and nost
preferably | ess than about 400 ppm Wen using a devolatilization extruder
for the total isolation of the PPE, it was found that traditional
under wat erAbr \paerolic spmpoundp With fymsta st rands of extrudate fol | owed by
chopping the extrudate into pellets gave unacceptable results presumably
due to the low nelt sjirength and inherent brittle nature of |ow nolecul ar
wei ght PPE. It Awes)found that special pelletization techniques can overcomne
t hese dif fHQo (S!? Useful techniques include die-face peiletization

i ncl udi ng underwateryel | etization and fl aking, declining angle strand

pell etization using water spraying, and vibration drop pelletization with
underwat er pelletization especially suitable. It was unexpectedly found

t hat underwater pelletization resulted in a significantly |lower color in
the PPE as conpared to the standard stranding with water/air cooling

foll owed by pelletization techniques. Yell owness index (Yl) nunbers of |ess
than 30, and even less than 25 are achf evabl e as conpared to Yl > 50
achieved with the standard strandi ng technique. It should be apparent that
the present process affords a nethod of preparing a PPE with a Yl of |ess

t han about 30, preferably | ess than about 25. The coll ected PPE pellets can
be dried using techniques standard in the art including centrifugal dryers,
bat ch or continuous oven dryers, fluid beds, and the |ike. 15




WO 00/ 46272 PCTNS99/ 28650 Determ nation of an appropriate set of conditions
can be readily determ ned by one of skill in the art w thout undue
experimentation. One unexpected advantage of the present invention to nmake
functional i gedoffe i s using the inherent backward di mer ppedyeRfsdsy Situ by
the oxidative coupling reaction to catalyze the redistribution reaction
during the polynerization reaction process without a prior isolation of the
PPE. This process, has advantages for cost reduction sinply by reducing the

nunber of [éesin Ry represpnds p Ayenogeatonysy @p iy stonp apdiX fepresenss awellylo f ewer

heat treat S i i I i i t he PPE
into a suita éaﬁso \l}xgn %‘g% ﬂr?(ggétgf?rlﬁﬁgtgﬁ@lﬁ @E?Eg:r%¥%%<1:gg aZF@(%}QétEggr ds a
met hod t o watbenate)l ovearhokplceronp, avbydrbxy @roup, arPRgemgrolp aom 4 titioli greum vi scosity

bet ween abqut 8..d] / functionalized PPE. All
patents ci S’}eh r‘%%/ﬁr ésgiélr eﬂc%ﬁ?%%u%&%ﬁ%&e@gWéjlrfloexs'rgrglip P AFEHELP| n or der

t hat those ,whdréiheXl may bésemrdtedibin the pghehdleringathrenghoanpaikel gap tane
invention, the.foll ow ng.exampl.es are giyve y way of .illugstration and not
by way of ef%&?éﬁw@gﬁb?@r@ﬂ%@t k%o&’?‘ﬂéﬁ%%f‘é?ﬁ’ﬁr@ﬁ@@ure The
cat al yst seingts b noegxhinesipr epared by stirring 0.41 g of cuprous brom de and
10.9 g of di-n-butyl amne in 100 mM of toluene. The catalyst is
transferredq.to ne liter stirred.glass reactor equi pped with an internal
cool i ng co%) a sq}?f'%ltcomﬁ‘é%dsf”étﬁ%rﬁ' en and nonomer. A rapid stream of
oxygen is introduced near the bottomof the reactor and a solution of 70 g

of 2, 6-xyl enolgdin 100 ¥l of togtiene is added through a netering punp, over
a period of fifkeen mputes o the rapidly stirred solution. The

t enper at ur & 4
| 20 m nutes aft he Regi ¥AHQg of nononer addition, sanples of the
reaction m xtwie are wjthdrawigs stirred with a small anount of 50% aqueous
acetic acid, centri fuggd, and 16 WO 00/ A6272 PCTI US99/ 28650 t he pol yner
solution is decanted. The pol yner can be precipitated by addition of
Methano! . hinkich! Gih 8 SH@Reichlly GPIBRARL X ABRsAI £HyUORE adACaHAlly | N1 1 NSTC
viscosities are nmeasured in chloroformsolution at” 30C and are typically
measur ed agrQ@paN apinggroyp, @ rgotectedipmigo geannclesi, pedtgetedoby aHertigy-bupd, and 120

m nutes re | ' : e [ AGt | twed PPE
resin dir e?ﬁbgﬁgb&% F\ég}HP E%ﬁ’%@%&%@%gﬁl&%ﬂr@gﬁ %roiﬁvp\gsér a@ﬂvgl?ned
accor di ng ths prowise thahtetrmorp thrnexa e 2tovp mepreseds ylhydisigen slopp&F adRie conpl ex,

t ol uene an en. i I : jaht nercegt of

4o b1 s AT AR by dod alonf KPPy BB N4 Bl S ST EE R

2, 6- Xyl enolrepatsents endeppdentiyrod thfothdn & mergdrogamatorisa tkthyr greup drsansttoply (see the
Tabl e bel O\I%du BX- COOH acts as chain stopper and | ow nol ecul ar wei ght

functi onal P2e8’ PPE i s prepared. Attenpts to prolong the reaction (up to 5.5
hours) did not result in any significant increase in nolecular weight.
Exanpl e 2. OFr epapbenobacafipoindieith orledst arechf BieHFomadasn di rectly during PPE

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

BX- COOH was added
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with last portion of 2,6-xylenol that was continuously added over first 40
m n ‘of the oxidative coupling reaction. As with Exanple 1, BX-COOH was a
chai n stopper and only very | ow nol ecul ar PPE coul d be obtained. Exanple 3.
Pr epar at i onwobo/deeract i onal i zed PPE i mredi ately after oxi dap¢wes®esshi ng The
standard PPE preparation has been done according to the Exanple 1, except
t hat BX- COOH was added i medi ately after oxidative coupling (PPE synthesis)
was stopped; Al Ioﬁhe pr oduct s r]\ere d')lgol at ed A4 a st andard cat al yst renoval
step, solvent evpporatied and the unféacted B Cdo—l was renoved by Soxhl et

extraction t hqet hanol (15 hpur The preductls were vacuumdried at 90C
over ni ght : rized. T %Zi) NE characteristics of all

t he productfs A nted in th d /3 PICT/ US99/ 28650 Pheno

der. My, g/ g, CPhenol cor por atonEk 14000340014654EXx
2370032001 4 3239001140020 ove exanples illustrate that
functional i E nﬁy be prepgg c?ﬁe procesg as described herein

utilizing tihe TMBQ genlerated ijn si during the PXi dative coupling reaction
j $t. 18 W) 001 46272 CLAI Ms: What is

wherein m and n have values from 2-20;
D) phenolic compounds with formula

H

CxHax-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

R5

HO 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
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PCT/ US99/ 28650 1. A process to produce a functionalized pol yphenyl ene et her
resin, said process conprising: i. oxidative coupling in a reaction
solution at | east one nonoval ent phenol species using an oxygen cont ai ni ng
gas and a GpHwf¥,etal catalyst to produce a pol yphenyl egeredohgdesd €Si N and
a backward di mer of the nonoval ent phenol species, and ii. redistributing a
functionalized phenolic conpound into the pol yphenyl ene ether resin in the
reaction solution of step i wthout the addition of an added redistribution
catal yst. B) Thehepeliscompowrids svithiamino grpenseyith formeuld uncti onal i zed phenolic
compound i s at |east one conpound selected fromthe group consisting of A)
phenolic conpqunds with forguula R HO' X wherein Rl represents a
hydr ogen- at ofN\or an éﬁkyl group and X represents an allyl group, an am no
group, a prot oup (e.g., protected by a terttiary-butyl

p-NHy hydroxy group, an ester group or a thiol
group, wherein i stan>atkyl group when X represents an hydroxy group or
an ester grog ,wher€Hn X Wmy be separated fromthe phenol ring through an
al kyl group and wherein the total nunber of carbon atons in the alkyl
groups attached to the phenol ring is not nore than six; 19 WO 00/ 46272
B) bi sphenghereRFauidsentsiihdepémenty 6f dré aXotd Aty dh@ePatonDafalkifBerdp ~ R4 X
PCT/ US99/ 28650 IS/nerei n elach X, independently of the other X represents a
hydr ogen aPohmethylens phepol&riy  an amino group, a protected amino group
(e.qg., protected by a tertiary-butyl carbonate), a carboxyl group, a
hydr oxy gr authe efd oftht eadisgritatipn,olie fandtivnalized PPB has aotver inkrénsfervascbsity, t hat not

yar ogen aBBHEES ATOHTET GG s sl oY bk B0 e el ah i
repr esent s caupteP esackadt | Theodegidecofahd1@dcrdade & deyeimpeeat Rb&Mh partHithy! group or

an ethyl group; C¢) .a phenolic conpound with at |east one of the formulas:
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 viscosity of between about 0.05 dl/g and 0.50 dV/g,
preferably between about 0.08 dl/g and 0.30 dl/g as measured in chloroform at 30°C.

The PPE may have a bi-modal distribution of molecular weights.

Preferably after completion of the redistribution reaction, the complex catalyst is
chelated to convert the catalyst into a water soluble metal complex. It is also possible
to add the chelating agent with the phenolic compound or even before the phenolic
compound. In either case, it is preferable to add the phenolic compound within 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.

Many diverse extractants or chelating agents may be used in the practice of the

invention to complex with the catalyst. For example, sulfuric acid, acetic acid,

12



OH H3C-C-CH3 OH |
conpounds ‘'with formula 20

m or wherein mand n have val ues from 2-20; D) phenolic
WO 00/ 46271 H ~CxHzx-y PCT/ US99/ 28650 wherein

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

mul ti f unct ivemad/depizenol i ¢ conpounds with formula Rs HO ~ ' gbi/Okdombess ei n RS

repr esent
a protect
car boxyl

phenolic

E)

s a hydrogen atom an al kyl group, an allyl group, an am no group,
ed am no group (e.g., protected by a tent-butyl carbonate), a

g Osaﬂ¥%§sﬁﬁ¥te9£l&%ﬂd B Ehind bR, Rhy B {th Wl YR’

or
NH2 I

CH3 R6 wheraesrialsRoe nddedeas enPRE readlmqmemli&imhl the cloppe-@nmdmeotdudyst bebpmbsogen at orn

r.oup ,or t hyl, ene hen ocess, of claim1
RSt 30a PtiE! CHERBR BRIRY P pBRE, Mane disfeshl REERSH Ssitsr s The
process Ohsedlbat mslpmta&é@ioreniﬂn@ theseleham@hgohgmg tha0#e [dissRsed in U.S. Pat.
t et ramet hx}l di ghenall %w none.
0. 3,838,102 (Bennett et al.).

an al kyl
wherein t

The useful chelating agents include polyfunctional carboxylic acid containing
compounds such as, for example, sodium potassium tartrate, nitrilotriacetic acid
(NTA), citric acid, glycine and especially preferably they will be selected from
polyalkylenepolyamine  polycarboxylic . acids, aminopolycarboxylic  acids,
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 or a
mono-, di-, tri- and tetrasodium salt thereof and the resulting copper complex can be

referred to as a copper carboxylate complex.

The chelated rﬂetallic 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 carbon atoms. Generally from about 1% to about 80% by volume of an
alkanol or glycol may be employed. 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 insoluble in water, log K, values at 25°C. are -
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21 WO 00/ 46272 PCT/ US99/ 28650 5. The process of claim1 wherein the
functionalized pol yphenyl ene ether is isolated at |least in part by

devol atilization. 6. The process of claimb5 wherein the devolatilization is
acconpl i shed_ at ast in part with a devolatilization ext The
process of VY:(I)@’H# wherein the devolatilization is aCCOITprI S g%{zsg%o | east in
part with a devol atilization extruder and an underwater pelletizer. 8. The
process of claim1 wherein the functionalized pol yphenyl ene ether has an

i ntrinsi c44%c8233 ayd pbl.Ae by Casd (fuly apd Cul, respegtirelab Solublity inwatgr igs measur ed
i n chl orof.or . | : I_Nere l<Qn sol ution
conpri ses ugctré’%s%fal)sf‘tg%grg?eg f J?ﬁﬁxgésggfﬁazlg giy‘ﬁ“g gﬁéz@r%%e, %{@ﬁl 2) ,f’ eoé-e'l ’@2‘?‘%@7’ or obenzene,
t et r achl oGl hardeCuGly arddbyostharetialering dpectes.o Nomtititmeexatpks df arhi-or oet hane,

and trichl oroethylene. 10. ,The process.qf claim1l wherejn the concentration
of ol yphePtyFiharould gmarise 1o i lpobler gt Ay Bt arrBRit: Y RREHEER about  10%
and 40% byetopésghicodotsad thalikdwehitioinathenielghvoold Halie sorgagihibility $othet i on. 11.
The process of claim h?vvh 1 e%n EtQhe phe@é)hi C congegund i S :

4.4 " (bi s CavPHT SRV PP PRIURR HBF AT B ablE 09 Bel6t PR 2BPIOPYALe BBE . 12, The
f unct i onalgha sow® by sticddyte) € aay ha¢ utitkd® by the process of claim1l. 13. A
nmet hod for increasing the | evel of backward dinmer in an oxidative coupling

of at |east one _nonoval.e heno| s j es, usi ng,an axygen contai ni ng gas
and a conpl ex ﬁgf’%ﬂem{?éﬁlé{% °afaﬂ’sgﬂ}c§§)g‘?°8ﬁ“’é‘lﬁ %th?ﬁ 1} g"%?’ﬁ@f?@@ﬁ
pol ypheny lhgiher sdiiagteverss purt whae @ontibhief (RIHPEN ProfpiitRaSusig staagl one of the

following: 1. increasing the ratio of the nonoval ent $heno| species to
reacti on $OM§elVe techpiques ypisalston GPE having it & sreates ithanod-28gHe 5 ®it phenol

speci es t QehdMly’ REN IBNisSRLiH bPbw Avlecular 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 higher is desirable.

The isolation of the PPE is typically carried out in a devolatilizing extruder although
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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WO 00/ 46272 PCT/L1S99/28650 iii. increasing in the tenperature of the
reaction solution during the oxidative coupling; iv. decreasing the
per cent age of oxygen in the reaction solution during the oxidative

coupl i ng; aathoMs27wSi Ng an am ne- copper catal yst and i ncr eagiusys/sdesy rati o of
amne to copper. 23 .A3;.AYHY .AY3 .AY .AlY _AI[Y .AI3.A . A3 .Al .A5F
Al .AS5F .An . A [F. A@. A®F . A5l .AY!|

catalyst removal be completed in the prior process steps as any catalyst remaining in

solution will necessarily be isolated in the PPE.

Devolatilizing extruders and processes are known in the art and typically involve a
twin-screw extruder equipped with multiple venting sections for solvent removal. In
the practice of the present invention, the preheated concentrated solution containing
the PPE is fed into the devolatilizing extruder and maintained at a temperature less
than about 275°C, and preferably less than about 250°C, and most preferably between
about 185-220°C with pressures in the vacuum vent of less than about 1 bar. The
resultant solvent level is reduced to less than about 1200 ppm, preferably less than

about 600 ppm, and most preferably less than about 400 ppm.

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 results 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 (YI) 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 YT of less than about 30, preferably less than about
25.

The collected PPE pellets 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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Example 1. Preparation of functionalized PPE resin directly during PPE synthesis

PPE polymerization was performed according to the standard procedure using 2,6-
xylenol, copper/amine complex, toluene and oxygen. In this example was added 1.48
weight percent of 4,4’-bis(4-hydroxy-3,5-dimethylphenyl)pentanoic acid (BX-
COOH) per 2,6-xylenol 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 preparation has been done according to the Example 1, except that
BX-COOH was added immediately after oxidative coupling (PPE synthesis) was
stopped.

All 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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Ex 2 3700 3200 120 86

Ex 3 22900 11400 203 %

The above examples illustrate 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.

18



F+Z109& ()- &LO% ()- NNNNNNI NPNaNcDY' 109& ()-1 109 ()-&yl 10%}
1& ()-& 109%&' ()-F10% ()- 10 10
10' 109%&' () - aNKNyNNNRTaBcDY' 109&' ()1, &10% ()- | 10%& ()-1m

109 () - | 1008 066272 Z10%& () -!) ]I PCT/US99/28650
10%x& ()-&TaTTTTTTTTOCY 10%&' ()! Yy10%& () - FF10%é& ()- 10 10

10L6109& () - 3109& () -1 1109%& () - TGV7WYZ5[ [ dEbCY" 109& ()) 109%& () - y&10%& ()
-g! 109%& () 109b& ()~ 10%& ()-10%& ()-[[~\ 1wl z]{]|]}]dYNCY' 10% () 10b
10b :

10b&610%& () - 3109%& () - 010%& ()-z- 109%& ()-f+10%& ()-}111_" g adEYNCY 10%
& () 10%<&Whhtiy tRkmed: () - 10%& ()-10%<& () -

| g10%<& () - FL0%& () - abVbabZcccdEYNCY 109 () Y(10%<& () - &10%&'( % o ()
"10%8& () - 10%& () - 910%& () - 10%& () -c2f Bf Cf D Ef Of ffhHCY 10%& () -y!
F7100@ () P IbBietS O Rsaioet s SSRBARR BoppheTyiAE gey e said proces

comprising:

i. oxidative coupling in a reaction solution at least one monovalent phenol species
using an oxygen containing gas and a complex metal catalyst to produce a
polyphenylene ether resin and a backward dimer of the monovalent phenol species,

and

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.

2. The process of claim 1 wherein the functionalized phenolic compound is at least

one compound selected from the group consisting of;

A) phenolic compounds with formula

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 (e.g., protected by a terttiary-butyl
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
,wherein X may be separated from the phenol ring through an alkyl group and
wherein the total number of carbon atoms in the alkyl groups attached to the phenol

ring is not more than six;
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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 methyl group or an ethyl
group;

O a phenolic compound with at least one of the formulas:

!é\ @@
2L 12

wherein m and n have values from 2-20;

D) phenolic compounds with formula
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CxHax-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 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

F) phenolic compounds with amino groups with formula

6 R®
o
HO C NH2
|
RS CH, 26

wherein R® represents independently of one another a hydrogen atom, an alkyl group

or a methylene phenol group.

3. The process of claim 1 wherein the monovalent phenol species comprises 2,6-

dimethylphenol.

4. The process of claim 1 wherein the backward dimer comprises

tetramethyldiphenylquinone.
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@6109%Kk& ()= 9 1ibas kK& ()-f ,, m10%K& ()- "~ *10%k& ()-

" 100! ()-$&%o‘k§}f%%ge£bliéi%'g‘&’°?)ef‘ &?8/641&_0%‘ ()- 10% ()- !gl0% ()-
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| 109&' ()- [y The process of claim 5 wherein the devolatilization is accomplished at least in

part with a devolatilization extruder and an underwater pelletizer.

8. The process of claim 1 wherein the functionalized polyphenylene ether has an
intrinsic viscosity between about 0.08 dl/g and about 0.4 dl/g as measured in
chloroform at 30°C.

9. The process of claim | wherein reaction solution comprises at least one of
toluene, ethylbenzene, Xylene, o-dichlorobenzene, tetrachloromethane,

trichloromethane, dichloromethane, 1,2-dichloroethane, and trichloroethylene.

10. The process of claim 1 wherein the concentration of polyphenylene ether resin in
the reaction solution is between about 10% and 40% by weight based on the total

weight of the reaction solution.

11. The process of claim 1 wherein the phenolic compound is 4,4’-(bis(4-

hydroxyphenyl)pentanoic acid or derivative of the acid.
12. The functionalized polyphenylene ether made by the process of claim 1.

13. A method for increasing the level of backward dimer in an oxidative coupling of
at least one monovalent phenol species using an oxygen containing gas and a complex
metal catalyst in a reaction solution to produce a polyphenylene ether resin, wherein

the method comprises at least one of the following:
i increasing the ratio of the monovalent phenol species to reaction solution;

ii. increasing the addition rate of monovalent phenol species to the reaction solution;
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v. using an amine-copper catalyst and increasing the ratio of amine to copper.
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