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FEDERALLY SPONSORED RESEARCH Not Applicabl e BACKGROUND OF THE | NVENTI ON

1. Field of the Invention The invention relates to a novel process for the
manuf acture of functionalized polyphenylene ether resin. ThéugusElil3on
also relates to the functionalized pol yphenyl ene ether resins nade by the
process as WBlobusgs4 bl €nds and articles containing the functionalized

pol yphenyl ene ether resin nmade by the process. 2. Brief Des%?T’H??%’ﬁ“@f t he

Rel ated Art Pol yphenyl e resi.ns. (hereinafter "PPE") are commerci al |
attracti ve mat eﬂoal sy bggggé%eggf”?%@fq?“ﬁ?ﬂcﬁéfﬁ% Wé{?i%[ﬁ-)’-@? physi cal , Y

-chem cal, and electrical properties. Furthernore, the conbination of PPE

wi th other resins provides bl enpls.ywieRirfgstiydgr 1 N addi ti onal overal |
properties such as chem cal resistance, high strength, and high flow. One

techni cal obstacle to the devel opnent of such blends is the |ack of

conpat i bi | i t yROBE %%FT‘ESPEOMF#HWPwM@NSTm s lack of conpatibility

mani fests itself often through very poor physical properties as well as
del am nati onNop Applisiage parts.  Methods have been devel oped to inprove the
PPE conpatibility with many resins 1 5 August 2003 WO 00/ 46274

PCT/ US99/ 29060 such as, for exanple, with polyesters and pol yam des. One of
the nore ef f EBRERALLY HRONSRRED RESHAREE functional i zi ng PPE to nake
functionalized PPE containing noieties that are reactive with the other
resinin theNmﬁBeﬁic kic is believed that the when the functionalized PPE is
all owed to react h the other resin that rel atively small amounts of
copol yner between the resins are fornmed. The copolyner is believed to be
in | arge parBACKSRUAE OF eF tENTENOved conpati bility between the PPE and

t he ot her

1. Field of the Invention

The invention relates to a novel process for the manufacture of functionalized

polyphenylene ether resin.

The invention also relates to the functionalized polyphenylene ether resins 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 technical obstacle to the development of such blends is the lack of compatibility
between PPE and many resins. This lack of compatibility manifests itself often
through very poor physical properties as well as delamination in molded parts.

Methods have been developed to improve the PPE compatibility with many resins



resin. Indications of inproved conpatibility include resistance to

| am nation, inproved physical properties such as increased tensile and

i npact properties and a stabilized norphol ogy between the blAeigdstcd¥Bonent
phases under static and/or |ow shear conditions. Methods to prepare
functionali %dooandhave i ncluded sol ution functionalization wwth an acid
hal i de cont aini ﬁa conpound, such as trinellitic anhydride acPgTEIspY2906k, to
make an endcapped PPE containing the reactive noiety. This nethod is rather
limted in tAechasifer pxampleuwithi mohisierseand Pl yatiddesC aDnd & fBE frord FRctidde

by- product s t LNg.reactio end tqQ cause enul si on _and/ or
i goloat ion i sé&é@yf nnl%ﬁﬁ%gg%g‘m“aﬂﬁr’%dg %‘igt’%?t iToHCs opalizede PBEogentgining
Anot her knowmoi@ieh @ight e RERRAK i i r el t

| the RiRR8 kAt HE 6ihe PRI Iﬁ%ﬁ'ggd Fﬁ%ﬁaﬂe"%gf@gh‘e n%li‘etni ng

functionalization of the PPE in an extruder s nme I nv
and i xi ng PreURFtienatize RRE iipalewed tgreagewithttbe peniresin tha relanesl, Qaalii zed

PPE. Th dgdi t i |l d be.fed into th trud

Al ternati vl SropRe 8t eBRNIES Suef i fre pRinscile dOBed, o Bhescanplmer Scisbexpdetnt | y

used to prephe i latdeayart respopsiblet toPRsproMl dondpalehitd B@tlwlegﬂttll‘é)pl’l? 454 E f'fﬁesr’
ow DU

such as difficulty in feeding PPE into the extruder due to
density and Ve plaficrtens of Zepaevedr poynpatibility Mshwley essistRRE ar damink&on,

wd d ' [ || ' tial dust | osion. It
e Cher ef or o T CRD T RLP o ARg duatat PeRsRbd PRI b4 fpatioisoadhls et Rods

contli nues

to prepare statibizddomatphobegy RieEveeSUMY/BRYd Gombdhedt\MHENE! (N sBiiAUGHSL 14003
The needs di scussed. above have been generally satisfied by the discovery of

a process fOFp8FHI% g functionalized PPE, the process conprising
oxidative coupling in a reaction solution at |east one nonoval ent phenol

o oduce & PRE r oo e et oo A4 DBt f AR ol R hio ok hch
an acid halide containing compound, such as trimelilitic anhydride acid chloride, to
make an endcapped PPE containing the reactive moiety. This method is rather
limited in the variety of functionalized PPE that can be made. Also, the by-products
from the capping reaction tend to cause emulsion and/or isolation issues in the solvent

precipitation stage of the process.

Another known method to prepare functionalized PPE related to melt
functionalization of the IPPE in an extruder. This method involved melting and
mixing PPE with a functionalizing agent to result in a functionalized PPE. The
additional polymers could be fed into the same extruder or alternatively, the
functionalized PPE could be isolated and subsequently used to prepare other
compositions. Melt functionalization has issues, such as difficulty in feeding PPE
into the extruder due to low bulk density and wide particle size distribution.

Moreover, PPE are often powders and require special handling to avoid potential dust

explosion.

It is therefore apparent that a need continues to exist for improved methods to prepare
functionalized PPE.

SUMMARY OF THE INVENTION



conpl ex netal catalyst; and functionalizing the PPE prior to and/or during
at least one isolation step for devolatilization of the reaction sol vent.
The present invention also provides a process to produce a &dwgast 2603 zed
blend of a PPE and at | east one other polynmer resin, said process
conprising mxing: (L) . (ii ) a functionalized PPE nmade by the above
descri bed process with the | east one other polyner resin to the

functional i zed pol yphenyl ene ether resin w thout isolation of the

f unct i onallhg eeedpdisgyssehstavadiave bean genersily satisfied bgshe distdvery bh@prokedsl ows

rovi des rther. detail s r.e i.ng various enbodi nents of the invention.
IC[))Escm PTI Eﬂ% P(‘SE*%FQE %ﬁ%\‘ﬁ%&é&akﬁb PIOCSHS| YPTHIEFEATE e dpttsCReRIIENITOR THE
| NVENTI ONreetioneydiR@ibn et MasObnd Moo vdlME Phéf) sEé&é@ ﬁ'ﬁﬁ%gﬁ IE)X?%GQ]r %‘?«'ﬁﬁingor the

preparation of functionalized PPE, preferably havihg an"Tntrinsic

Vi scosi t ygheihdeeonpiaunet]l @algitig prodnte HPOD; dd@indat 16t &pbitise of@ep! i Ng at
| east one rrrgoﬂoval ent phenol species,. preferably at |east a portion of

1 es, | f ,
whi ch havePTaRips mefah crtabyst Angimederalizingshe RBEgrichty andowidurisast eagt ongdr ogen
or hal ogeflolafiod kiep RA'dvOIRiLABH of Y BLAR B¥AEN containing gas and a

conpl ex netal -amne catalyst, pre y a copper (1)-am ne catalyst, as
the oxidizing agent and, preferably extracting at |east a portion of the

nmetal catalyst as.a netal-organic acid salt with an aqgueous contai ning

sol uti on, ﬁé%f&fe?eﬁ}ﬁ&vfﬂ&‘% Eﬁ%q Wﬁg‘?iﬁ%aQr@e%@?d‘@%foﬁ?ﬁg]ﬂﬂ?% blerd gfr/ or

during atpPRast atQ8Rt bdbife: Q{P%rﬁ&?ﬂésif'l%aidjﬁ‘é_@éﬁtcbfnbﬁ%hgQﬁlel?lg the reaction
e

solvent. In one enbodi nent, unctional i zation is at ast partly done
in a flash prlbtessa fugciéenadiaed PRE enadh by Hpmhoya descoibed ptagessonith | n anot her

embodi ment, t kt% ) the least one other polymer resin to the functionalized polyphenylene
ether resin without isolation of the functionalized polyphenylene ether

resin.

The description that follows provides further details regarding various embodiments

of the invention.

DESCRIPTION OF THE DRAWINGS

Not applicable

.DETA[LED DESCRIPTION OF THE [NVENTION

One embodiment of this invention provides for a process for the preparation of
functionalized PPE, preferably having an intrinsic viscosity between about 0.08 dl/g
and 0.60 dlg, by oxidative 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, using an oxygen containing
gas and a complex metal-amine catalyst, preferably a copper ()-amine catalyst, as the
oxidizing agent and, preferably extracting at least a portion of the metal catalyst as a

metal-organic acid salt with an aqueous containing solution, and functionalizing the



functionalization is at |least partly done prior to a flash process to
concentrate the PPE reaction solution. In yet another enbodi nent, the
functionalization is at least partly done in a devol atili zbwnggasttaooder
These and ot her enbodi ments will becone apparent in the description that
foll ows. The PPE enployed in the present invention are known pol yners
conprising a plurality of structural units of the fornmula 3a 5 August 2003
WO 00/ 46274 PCTI US99129060 wherein each structural unit may be the sanme or
different, and in each structural unit, each Ql is independently hal ogen,
primary orpmc‘pﬁaﬁl% Yanl@veturial katl 1ebdt. 6ne iselaliiph stéiﬁ'félaﬂé‘}dl\ﬁllliﬁtlbr‘i’ of ®ar bon
atons), phenyl, hal oal kyl, am noal kyl, hydrocarbonoxy,

hal ohydr ogardsionseivenindraing embofiisasst, thm@t@&e@%ﬁae@mwtéwwmle done ithal ogen
and Oxygefqlasgtq?&smés ﬁ)n?%nc?ﬁtrat%rﬁe ?PE ds %tloﬁr E%(%égtggoﬁxgﬁgdl%%P ' thE rimary

or secondary kyI

hal ohydr ocfanhdtivnabzation 1sjﬁflbdseFarf19rdon@%)rloi\@Sd ﬂanht;ﬁacese&cbor{a&nﬂr@ce gh&pPEOr
phenyl , espeC|aIIY Cl-4 alk and each @ is hydrogen. Both honopol yrer
and copol yﬁertloprseté B- Immtw@etiwr ?ﬁé)ogmlértheéun\veﬁﬁwyﬁer% at fgagt E%Se
contai ni ngy, ée in naeﬁ%ram&mg 4t enep &L Ngly Wit Sem "%QJRL ewﬁPl%%L

i ncl ude random co Mers contal ni'ng such units i ACO |nat|on\M

exanpl e) a@p&,eﬁtihrthmbtjﬂ)tiohtﬂatribﬁawlsene ether units. Also incl uded are PPE
cont ai ni ng noi eties prepared by grafting vinyl nononers or polynmers such

as pol ystyren and 0 as well as cqupled PPE in which coupling
agents suc EEE h@Y%g égeIﬂ%ﬁ@hﬂ“ﬁﬁPV&éF%ﬁﬁ@F@spoﬁﬁwﬁbﬁggm“ﬁgﬁe?ocycles

and fornal mHHﬂQﬁQHu&ﬁﬁﬁEhﬁ@bﬁﬂeﬂﬁﬂﬁmf manner with the hydroxy groups of
two pol y(phenyl'ene et chains to produce a higher nolecul ar weight
pol ymer, provided a substantlal proportion of free OH groups remains. Al so

i ncluded are PPE 's containing a functional endgroup,

3a



obtained fromreaction with a reactive conpound having the functional
endgroup. The nol ecul ar weight and intrinsic viscosity of the PPE can vary
wi dely, depending at least in part on the intended end-use 5 Qligudsh2odE.
The intrinsic viscosity (hereinafter "IN ") of the PPE is nost often in
the range of about 0.08-0.60 dl./g., 4 5 August 2003 WD 00/ 46274

PCTI US99/ 29060 preferably in the range of about 0.10-0.49 di

measured i nYRAVER orm at 25C.  ne unexpect ed aspect of thepéff(%sg?énqos t he
ability to utilize a very wde range of |1.V. The PPE are typically
prepared by oxidative coupling of at |east one nonohydroxyaromatic
conpound such as 2,6-xylenol, 2,3,6-trinethylphenol, or mxtures of the

foregoi ng. Cat agf¥gt systens are generally enpl oyed for such coupling and
t hey typica @) nDat- | east one heavy netal conmpound such as a copper,
manganese, or oobd)t conpound, usually in conbination with various other

materials. It/ wl e apparent to those skilled in the art fromthe

f or egoi ng t h&2 t he @PE contenplated in the present invention include all

t hose presently known, irrespective of variations in structural units or
ancillary chem_cal features. The polynerization of the phenolic nononer may
be carri ed Yogicibgachgiiustrelmit Iph)égglthecsamm'rtﬁffemnt,rmd@meacsl dhuchrd wnttabl e

reaction s e n f I a_ copper-amne catalyst. It is-preferred

to carry og‘Jtic\ﬁt % %o@?ﬁée?‘fi‘?@ | (1)lérolgﬁn’t Wé’gg'fyegérfé‘é‘m‘%fy io‘}é/?]'p?]ikﬁl gre-calsrous

sal t - secondantyinig uetoCAtAbYS btowks ptasyl, haloaBYAMRhiRoalkP bl Groc&H) x'(kj,‘[j& and h
0 in e

di - n- but yl ﬁm R}(}%. The pol yneri zations are advantageously tarrie
presence of¢QRY(rAGHTBRIN®Y WhREsin airisasl e eatbds eomarsephratdl ihechaegenhamiet al

br om de. i I . at | evel .of from about 0.1
nol e to abgﬁﬁe%%gn%ﬁghgg%gg %ggd%?{%és?ﬁlﬁl §/§ﬁ%§$81 g"’éoﬁn%@?’y FIHECRARGt al yst
material s bver dikybmhbeyl, haloalkyShy@atarbdioxy3or 133 BRABRY aierRkd Yor

Tet r aal kylrr@ empl oyed_as pronoters if desired.

ium.salts y.al so be .
These pro :T‘g%“a? e’hiesat?h(r)@eéﬁ pYUos phenyl, epggcially Ci4 alkyl, and each Q7 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 containing 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
weighf 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. Also included are PPE ‘s containing a functional endgroup,

obtained from reaction with a reactive compound having the functional endgroup.

The molecular weight and intrinsic viscosity of the PPE can vary widely, depending
at least in part on the intended end-use for the PPE. The intrinsic viscosity
(hereinafter “I.V.”) of the PPE is most often in the range of about 0.08-0.60 di./g.,



: :  ne
Bennett et al.). The primary, secondary or tertiary amn
gbﬁgghggz gfethe catalyst)conplex general |y correspond to those disclosed
in US. Pat. Nos. 3,306,874 and 3, 306|, 87&; (Hay) . IILlrjlzt rg}t |aé%g;]r§nms V\iere
i ncl ude al i phati ¢ am nes, inclu_dlngalp atic nono- - ,
Itﬂg ;I [ phatxsoogmaup can be strai ghL or branched cggggngg?;o; /ﬁ%?%%ﬁoy
' ' | i phatic primary, .
cycloaliphatic. Preferred are a . f dary and tErHiary
' ertiary di nes. Especially pre erred a ,
{nr) in???wng)s p’éq%%%"ltyafﬁith%é/“get e%a‘llt@FO‘@r"é’uﬁs'g-hawmq@uf&cbrglod/hé%gt;oﬁmlc%rzbm_ at ons.
Typi cal | y, OnB@igxfeibdiRpets 86 See3s R tﬁggﬁﬁér téggiﬁzf}/\gﬁ?rawﬂe CaeB LY.
| US99/ 29060 , di- and tT1-methyl, &t Ryl AR, Rt
substituted am nes, nono- and di-cycl ohexyl am ne, ethyl nethyl am ne,

i neThey. CPowere) typikally ayedeoad iiphahé CoxiadtiveeSousitheh oS feast one
W;rg??\ly: (r:];;;ll Q E b ')ne NN -di a ksyl et hyl enedi am nes, "t he ?\t] l{f - ke
di al kyl propgngﬁ%ngr?é%r?aq(héoﬁpﬂﬂ L suchj ag I@)ﬁ‘bblﬁﬁf&pé’gﬁ,éﬂmmrmﬁlpamﬁlf ih)gi nle .
gama. pi col e, and he | oke i guchal ABeRHL bRy Bufifh Grpling

i coline, an e like, : eci e )

%am' p:\rc?%qlé’tn %1 picalin yrosisiy ph thaste spe élb&ht}ﬁ:‘l_ﬂtﬁﬂloﬁﬂiﬂﬁﬁii sﬁd;xda% Eecudgg%,e. .

| Xt ur ¢ ' d tertiary a ) sed. .
pr of or o BB (BB B0 R e B aiinsTal prbrenpecoienitalar ne | s
gi -n-butyl amne; and a preferred trialkyl amne is triethylamne. A

pref er r ed leywilli be tappsreat yo adseeskied @z_yrtituaia&eﬁggi;ﬁl\?;%g%%%&&ﬂ%?q :nl {rgr y
Lbhe.in the reaction m xture . ,
gﬂ? ?icggg??’*ﬁéma@&nﬁt%ﬁabﬂwi ReseBtvnyeRitainclide gHshosk prmaflg%@gn,rlaﬁgfcmeer 100
non-terti@lfyalaﬁ}da@tsngh oﬁapﬁﬁﬁfc{rﬁgb@g eéhc?%ni‘gal %H%?Sglrj; arﬁ nem)t he plroeferred
mol es of nonoval ent phenol . | ( |ne, Lhe preferte
' i derabl y broader, and conprises fromabout 0.2 (
Irglngg Ier %E%IWF%%&¥@P oo ey piramotic phemmher My Foet drkibd oyt ¥ g ife Wat er

I's not repRYRflic’ KBHdmer or monomers to a suitable reaction solvent and preferably, a

copper-amine catalyst. It is preferred to carry out the polymerization in the presence
of a cupric or cuprous salt-secondary amine catalyst such as, for example, cupric
chioride and di-n-butylamine. The polymerizations are advantageously carried out in
the presence of an inorganic alkali metal bromide or an alkaline earth metal bromide.
The inorganic bromides may be used at a level of from about 0.1 mole to about 150
moles per 100 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). Illustrative members include aliphatic amines, including aliphatic mono- and
di-amines, where the aliphatic group can be straight or branched chain hydrocarbon or
éycloaliphatic. Preferred are aliphatic primary, secondary and tertiary monoamines
and tertiary diamines. Especially preferred are mono-, di- and tri(lowér) alkyl amines,

the alkyl groups having from 1 to 6 carbon atoms. Typically, there can be used mono-

5



the reaction mxture, it is preferred to use from about 500 to about 1500
nol es of am ne per 100 noles of phenol. If water is renoved fromthe
reaction, then only about 10 noles of tertiary am ne, e.(g.5AugustdpoBan ne
or triethylam ne, per 100 noles of phenol need be used as a lower limt.

Even smal | eiygisspis of tertiary diam nes, such as
N, N, N N -tetranet hyl but anedi am ne can be used, down to as | ov‘v’cé‘"éUSaS’B%Eﬂ“o. 2

nol e per 100 | es. of nol ., Typi cal. exanpl es of cuprous salts and cupric

salts sui tabldip?‘b‘ft'l‘%ea@s’o%@s DArRPYS HARPPY s ‘Fr%PWé SPb%ﬁl%ﬁa‘ﬂ amines, Thwoe asdl t s

I ncl ude, fordi@x&l larGinB) &H Il : ron.de rqus. sul.f at e,
i1 ¥E6RE Sl arf B QHPnfty? R, rﬁ&’t@ﬁ@[‘r’n‘?‘e, e éBWe&t alk§t g{ﬁg?@@i‘am

cuprous azide, cuprous tetram ne sulfate, Cuprous acetdte,
butyrate, c@pherss sed galNemetbulsy¢lohaiylaminee, Noipalkgleihy lefitdiamindsptiecnaul f at e,

cupric azide; i 2t ram neg sulfate, . ric acetate, cupric butyrate,

cupric tol ug%aé}?ﬁ&%ﬁgm{qﬁ%mﬁg%{e&%mmr'&aﬁgﬂﬁ?rﬁﬁ%e%“%plapé & tlékd nbl ude

t he hal i desadéitisanoatiesteatary srided! Qfh R Gyridi Scddi ARk d I QUS
s omt s, S 581 8 QB BA Bl A

chloride, cupric brom de and cupric 6 5
PCT/ US99/ 2988 theriksy tatebe usapr Fepesially aseful ara pfNaN'{N wetraatieylethy phodiamane; at e

and cupric ggghalifmiid gndﬁl%il ry and secondary ami nes, the concentration
of the copper salts 1s’desirable maintained | ow and preferably varies from

about 0.2 to 2.5 nol es per 100 nol es of nonoval ent phenol. Wth tertiary
ami nes, t heMispipesrofsaich firsnapy.edeeomiahe and edtidr) tRine@ MY NHe BV hﬂb{&ﬂ?&efdom
p .

about 0.2 to aboﬁ(té' 15. nol ez]ru%gr 100 ol es of the nonoval ent . phenol. Cupric
hal i des ar e"gBREIAI PTG I8 e ¢mives @ necfored diafienl immane is di-ntthetylpmeiperatdi on of
the coppera aitbRere8 kIS tanles A SBe®llabdigd M4 ! 0881 TL}G use of the
copper (1) sgggi es al sbg greatly i %c%gasles' %hﬁe}\é?%{e(ea %fdl(‘fx GRHY utPIeZ St i on
in the ear|Byridiagedhetondsatratingl gfiteiviarnand secoadary ine id tHe @ abtiEmi g gen
concentrati i ead. space of the, reactor helps in reducing the risk
of fire or rge)lig)f)l\;éll?lS gﬁﬂgﬂ ‘?’ﬁ% l?‘ggfft %‘ft: 'SAc_iEﬁFB ¥sdddegr iy fev qeneenirationsn And use
of sui t abl eprefupipe rags FRnohabAlayS bifiines chiphted 2R tabot®.0 35 290443 moles

per 100 moles of monovalent phenol. In the case of a tertiary amine, the preferred

range is considerably broader, and comprises from about 0.2 to about 1506 moles per

100 moles of monovalent phenol. With tertiary amines, if water is not removed from

the reaction mixture, it is preferred to use from about 500 to about 1500 moles of

amine per 100 moles of phenol. 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 in'clu_de, for example, cuprous chioride, cuprous
bromide, cuprous sulfate, cuprous azide, cuprous tetramine suifate, 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



(Cooper et al.). Afaster initial reaction rate with the copper (1) based
catalyst also results in less accunulation of unreacted nononer and a
reduction in the anmount of undesirable tetranethyldi phenyl §éugoste2003
produced. The tetranethyl di phenyl qui none, a backward dinmer, is believed to

i ncor porate_j e PPE through equilibration reactions. The
equi | i brat f\giﬁ%@%&?i ons lead to a drop in the intrinsic vi scpd"s]?"t“i?g@?ﬂﬁf’he

PPE due to the decrease in nolecular weight of the PPE fromthe
i ncor por at ichlerige, cvpricdsuifate, cuptinifivorids,i aprafs 4demtd ahd auBHOwetaRhewtaui none
during the oxidatiaqn c(?&tﬂdolin .1s _desirable, soéa to avoid the drop in
nol ecul ar RETSHY 28RSt agcég?fﬁénmenboncﬁl?tﬁtloéu? fesconpen 49ithds desitsplel d to a
hi gher t hamnaesinee dowthe G faabMei-s T

n Govld fara g’e Rt toth bR (85 Aqgﬁ?:g pfq}J Ibé]gr[%%%toft he

equilibration of the backward diner. It was unexpecte ound
present i nyarorgantapitenpls Withp tetéars simineswiiie hopiriee sHPEs ipreféfabler @6 tih QR

m xture sh . a_10% p erably | ess than a 5% drop, nost
pr ef er abl y%ﬁ@g%lj ﬁﬁglﬁgrga@%% aé?%tﬁ ﬁ) alb_o@{ ?%Hpﬁq?d%éﬁg@alﬂl?si Hrthe morowales af t er

t he oxi dat pluenohol ynmeri zati on of the phenolic nononers. 7 5 August 2003 WO
00/ 46274 PCTI US99/ 29060 The pol ynerization reaction is preferably perforned
in a solvent. .S it%gle solvents _are disclosed in the above-noted Hay

pat ents. - ArSRBS Rlides arprneT Wd’ﬁ?fége%BYFiét‘a‘BFousthéli@@rf@! thet pryparatienef thry| ene,
and o di CNbQIRPEHFRIGIAISE bESRISE bAIHeH 1BAE! S e w8l bPBYMpper 1) species |

t et rachl or omet hane, tri chl or onet hane, or onet
and trichl elsoegreatlyeinerenags Hies mtbeofusegen Tindizsebgtih that bbb etaseenssakvent

and mononger, ) .nﬁr nal %f% i n %rﬁge {Dan e froml1l:1 to 20:1, ie. up to a nmaxi num

20-fol d eREELEGFOSJFRENP an RET B HReDGoBRensigHoR it thenpadnaseerf the

pr ef er abl yreagtot hélps AN@Bucihg M rkk ol fitOCorliplosith WehS & ;% Gled

advant age of the Ipj)resent grr(_)cess \/\/nlen0 usgdosto lnate;%agtvcﬁ]. i %E??rstﬁe
preparation and use of suitable copper-amine catalysts is in U.S. Pat. No. 3,900,445

{Cooper et al.).

A faster initial reaction rate with the copper (I) based catalyst also results in less
accumulation of unreacted monomer and a reduction in the amount of undesirable
tetramethyldiphenylquinone produced. The tetramethyldiphenylquinone, a backward
dimer, is believed to incorporate into the PPE through equilibration reactions. The
equilibration reactions lead to a drop in the intrinsic viscosity of the PPE due to the
decrease in molecular weight of the PPE from the incorporation of the dimer.
Minimization of the tetramethyldiphenylquinone during the oxidation coupling is
desirable so as to avoid the drop in molecular weight and the accompanying
difficulties in having to build to a higher than desired molecular weight to offset the
loss during equilibration of the backward dimer. It was unexpectedly found that the
present invention affords a process in which the PPE in the reaction mixture shows
less than a 10% drop, preferably less than a 5% drop, most preferably less than a 3%
drop in LV. during an equiiibration step after the oxidative polymerization of the

phenolic monomers.



that a higher solids |oading is possible as conpared to processes that nake
higher (i.e. >0.28 1.V.) PPE. Wthout the increased solution viscosity
build that concomtantly acconpani es high nol ecul ar wei ght 5palbustea003t he
final solids concentration can be increased by at |east 20% wth

i ncreases O{’v 308%)72; nore possi ble. Thus, the present process affords a
met hod for MOPES¥8d reactor utilization and productivity w tBdgus99/29060

i ncreasing the size or number of the reactor vessels. The process and

reaction cofté pplymerizationt Ivecgiar ysTpreferably Qrerfobed iA% JoPAGH: | SMitdbld Eolvents
tenperature fﬁ(gen fl olév rEte and the |1 ke are nodified based on the exact
target nol FEHOSRE;§HiPe ARAYS-aqted Hay RatenHi Mirommtic selveotsysneh iaz dehzencj S
conveni ent | pjucHet REKYIHEAnN b i A=l ir i ity meter. Althou ot her
met hods such as rrak}:@ng ol e(E:)]u g’r aI\?\l/gi gﬁcl}ﬁrgr;o(sﬁgﬁiéeﬁ%mage, ‘?sﬂﬁﬂ?[ﬁ?@ nggged,

pr edet er ni ndthopgla tetraghloremethane; drichlotometigante pdizhipembthags ELAHhABethance
concentratign,.or.th en concentratjon_in solution may al so be
utilized. ﬁ%‘g %“e"ﬁ{)‘)é?%{‘ﬁﬁ%gt“baycagf’ybeoaﬁe helh§orpiaht iratie i hetwernasalvartt ande
invention gasendrl ¥ norABOE S KO MR Gm Q¢ bqut C.. Nor.e pr r.ably,
t he tenperature range i swf rom al;%ut ?f%CC1 %%983%3?' %giova\ln PR B’ ﬁ{@ﬂar
reaction t Hpes QL spRenealhe 1o dativesh sohveattridomondhesishseRAbIAIN the Rrgher

t enper at ur i e ' can occur leading to reaction by-products and
at tenperat u?%z‘lgtéblgfgﬁ}wg{éﬁfi | ower, ice crystals formin the solution. 8

5 August 2003 WO 00/ 46274 PCT/ US99/ 29060 Many di verse extractants or

chel ating dentrexpeyedaivanrge ofiteh@rehapioceR Wher R4 tb RRRULON ?’E’qupl ex
with the catal yst, afte tgcg end of the pol ynerization reaction. or
exanpl e, suPdaMighessplids lgading ¢s pasrifle asaonmata® toairoesssdsitbat fakiechigla (i, and

various chelatipg mEentFumyY heilssded WG 1%%?&2551@2’%@%@% s adind o a

PPE reaction solution, the copper-amne ca
further oxiegeampsnieddugh myalecuiakeeighapelynivhntie dfiiddl 60RAE cHBRERIhES ARYe b

it ] f 1] t hose
used but i SncrSasBd Ey St {eg& ZtOg%,em ?t%{:reasessof 30% or more possible. Thus, the present

process affords a method for increased reactor utilization and productivity without

increasing the size or number of the reactor vessels.

The process and reaction conditions for the polymerization, such as reaction time,
temperature, oxygen flow rate and the like are modified based on the exact target
molecular weight desired. The endpoint of the polymerization is conveniently
determined with an in-line viscosity meter. Aithough other methods such as making
molecular weight measurements, running to a predetermined reaction time,

controlling to a specified endgroup concentration, or the oxygen concentration in

solution may also be utilized.

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 45°C with the higher reaction temperature near the end of
reaction. At substantially higher temperatures, side reactions can occur leading to

reaction by-products and at temperatures substantially lower, ice crystals form in the

solution.



chel ating agents that are disclosed in U S. Pat. No. 3,838,102 (Bennett et
al.). The useful chelating agents include pol yfunctional carboxylic acid
contai ning compounds such as, for exanple, sodi um potassi ufAugustr2a0a,
nitrilotriacetic aci d (NTA), citric acid, glycine and especially
preferably the be selected from poI yal kyl enepol yam ne pol ycar boxylic
aci ds, am %P 8¥ @5‘? boxyl ic acids, amnocarboxylic acids, PCT/US99/29060

am nopol ycar boxyl i c acids, am nocarboxylic acids, polycarboxylic acids and

their al kall'\iian‘yeaﬁ/brseaé)dtﬁbtalﬁ% e chdlatitRy aber® lnmé/XEéj u@éd@d th ﬂ;a%ce 3 kgl 1 ne
e

earth netal salts. The preferred agents inc et hyl ene m net etraacetic
aci d ( EDTAJnVeR{igR (59(9@@3&?‘@!\'5?! |ﬂ%€h?fﬁ@|wtl aftestthe emrt Dﬂ the polymenzatton reaction.

di et hyl ene e e nd their ally preferred
are et hyl etgé%?garrrﬁﬁgt e lﬁ%%c% i ac éc 8‘“ 1 SHMORGHR S 38 %‘S“Ffs j $alt5 38d (VaHPUSs odi um

sal t ther eofelatik bty asiyl bé mgedcowaf tffé@é’fprha@é’nd}ﬁ@rebé‘ddeﬁetf)ei PR feBerft @
copper car box /Il at e conpl ex.. The chelated netallic catal yst conponent can be

extracted WHHOR:HEe ﬁ%ﬁ@F‘aB}‘%&'ﬂ@dStl WcomﬁepwwﬁlﬁqﬂdzfaﬂhelmerMOn idoes toot
£ 0ugh 1 NeSAT Mialy Gt bAARTE b L8P0 O pBEELSTT ed Xt pact on

liquid for use 1 n the process ven ron i's Son of
| ower al kaeludlating agentshatiaxe diselogekd indi.§rPaarido.a)8 34, mr(@emlfemtram from1l to
about 4 car bon atons. Generally from about 1% to about 80% by vol une of an

al kanol or yco e £npl oy ed.. Thes ati.os may vary from about 0.01:1
to about usﬁy{@}%@l%laﬁﬁ@ oI B ¥h1ni°ﬂ?ﬁ‘ 3y eArboxydic angidt eonimiginget o
organic ph@cﬁﬂpoﬁﬁﬁ@ SLEiRCHs] FBr RR&hPle JSHBLA MtaWﬁﬂrtaﬁ?ﬁe aﬂtrﬂgf{llﬁgé{ﬁ a(fxﬁ t he

I ze

envi ronment. Anti - sol vents can also be u In conbinati on W
aqueous medVBAY orifis pcidy |g\l')@lllq1éncbreémcmlltyaplreﬁarablgfthbhemd:lob@aeleétbd fiqaci es.

The sel ect r sol vent s base ust 2003 WO
00/ 46274 &ﬁ?&lgﬁ%@%lggrt ira cgr%éﬁylfche %"dﬁﬁﬁabl |ap'1[u§,opggméf F‘Eg‘énta%@s 't he
copper (I )ammemrbsx)tlhat atids bearﬁmop@llye&b@k}flﬁsi edeidd] healﬂﬁbbﬂ%xﬁirce highl y

i nsol ubl e i ter K15p3val ues at 25C. are - 4. 23 and - 11 96
for cuCl, Reiggar ba‘ﬁ‘dh@&Fl SPB%HE&%W%! metabafkabng parh mntam:t mrxedsaikah metal-

alkaline earth metal salts. The preferred agents include ethylenediaminetetraacetic
acid (EDTA), hydroxyethylenediaminetriacetic acid, diethylenetriaminepentaacetic
acid and their salts. Especially preferred are ethylenediaminotetraacetic 1acid 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 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 quuid' for use in the process of the invention is an aqueous
solution of Io§ver 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



increased by the presence of excess of halide ions due to the formation of,
e.g., QCl2, CUC13 , and CuCl4 and by other conplexing species. .
Non-limiting exanples of anti- solvents would conprise | ow h#lugost203wei ght
al kyl and aromati c hydrocarbons, ketones, alcohols and the |ike which in

W‘i i [ lution. One skilled
t hensel ves g‘ Jgﬁ‘ve some solubility in the aqueous so
inthe art woul'd be able to select an appropriate type and &fF(HP9/8g060

anti-solvent, if any was utilized. After renoval of the catalyst, the PPE
e el oot Lo BT et on {aier Phpaecley el Bafd of
i solation.of .t . . ) |
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diti ] ' tdqna _ a8 . :
compat i bi 11 sor s o uncy T ooal ey CUBLRR PAERepeaR. RANBURT in s the at

- Hieziragpnagefixcessi dfhatidpiensldentoahy firalatibaGE QLS. Suel, as t he
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condi t| ons CUTIE> PREGHGH 3PSt fomilgiith s et o NCatmE arexpobies of andnd t he

ike. For otmedt onalld ZoRBrRe a6k SmblaliaakRighe Ak B4l fhoklife Sl aLLON |
plrogess, addition of tﬁg’ funct irg_nal_i % ngl'c‘%aft-‘gél?\%}J pri _or_o 0 lgoqyaé?ﬁarqoé’ﬁ’oval i s
of ten pref K¢lPeas: alsobels andthe like whish én themstlvec wooldtave isogeagrbllidhef efee it

has functi j . For .l ess _ volatile functionalizing agents,
greater fl g%hillﬁzlgﬁgﬁ{*ﬁ (Sﬁegsklgec‘gfr} ﬁ‘r‘ﬂr %k WPH@ [%Fd%?l'f' FOFEIPS amsprpsomiase tyRe | ?]

al so possi imdanaumdd ahtirecivemNiElahz waguaBat at several _points during tde
process. In one embodinent, the functionalizing agent includes conpounds
havi ng both (i) car bop-carbon doubl e bond or a carbon-carbon triple bond
and (ii) at | ea@?ﬁei)f?@‘@ﬁg{%ﬁc@@ caigfyst. e Bl apnteioing soiutiog lefcomwntr?bﬁyllto Gt aci ds,
aci d anhydgi aet ' I ; e _d S,..amnes, esters,
hydr oxyl gdlg%géig}lggiﬂle?gg g%l% 3t g’&mrlg%lgﬁéﬂ églihte sPl.PIE I ﬁl‘t@t%ﬁ‘?‘??éecgg’h‘ﬁgﬁ?ﬂis

usef ul t o Rideermpbe edadilydurfatinnalized priot medridéor duking ikis RERehiehiodsl prBlsi C

[ f g ' mal ei.m des such as N-phenyl nal ei mide and 1, 4-
phonyt eno- 81 S of 8hdéasCPof SReNGRI RIS dsmis ARk 5 wemeRibifipets a1 de, 10

5 August 2Rlfi@ionalizers. The location of the addition of the at least one functionalizing agent
will depend on several factors such as the stability of the agent, the volatility of the
agent to the isolation conditions, the flexibility of the equipment for addition points,
and the like. For functionalizing agents that are volatile in the isolation process,
addition of the functionalizing agent prior to solvent removal is often preferred so as
not to remove the functionalizing agent before it Vhas functionalized the PPE. For less
volatile ﬁmctionalizing agents, greater flexibility in the location of the addition is

possible. It is also possible to add functionalizing agent at several points during the

process.

In one embodiment, the functionalizing agent includes compounds having both (i) a -
carbon-carbon double bond or a carbon-carbon triple bond and (ii) at least one species
of the group consisting of carboxylic acids, acid anhydrides, acid amides, acid esters,
imides, amines, ortho estefs, hydroxyls and carboxylic acid ammonium salts.
Hlustrative compounds useful to accomplish the functionalization of the PPE include
maleic anhydride, fumaric acid, maleimides such as N-phenylmaleimide and 1,4-

phenylene-bis-methylene- alpha , alpha -bismaleimide, maleic hydrazide,

10



WO 00/ 46274 PCT/ US99/ 29060 net hyl nadi ¢ anhydride, fatty oils (e.g., soybean
oil, tung oil, linseed oil, sesane oil), acrylate ortho esters and

met hacryl ate ortho esters, unsaturated carboxylic acids suchAuggst@®0gli c,
crotonic, nethacrylic acid and ol eic acid, unsaturated al cohols such as

al lyl alcoh ‘@?H crotyl al cohol and unsaturated am nes such as

al | yl ani ne g’ M0 al kyl “amine salts of unsaturated acids suBRTA§99/29060
triethylammoni um funmarate and tri-n- butyl ammoni um funmarate. Exanples of
such typi caiethxﬂaghmhﬁhyfcbﬁepfaewls (gg.\s&fban ofl ag loﬂnﬁhseé@@uPE’éaafe%ﬂ)
described in U S E : 4,315, 086, 4, 755,566, 4, 888, 397, 5,72
006. Non- paF%%? PE e:eﬁtsﬁanﬁdnw%atﬁmg;wrserswne@xraﬁeé catboaylie e¢1ds sHadr
prepar|ng e cie

ol ¢, t o o) Gragionies meffibeylip AU HE I bokd BBl T R ap Akt e
by the f or awohol 4rid C))quﬂ(ﬂﬂiﬂal lajieh (WEENRRted RInVinGs wiedr &4 BllRaminedahd BedkylOr

branched chai.n, slaturat ed al |d8hat| C drocarb n of from2 to 20,

pr ef er abl y28i4% salff Of JnSHralgd, ards gpch @s Seetyfakmenigm tﬁﬁ’ém'@?eoﬂbd dBirtsi st i ng
of hydrogsaty@er BBniatk Rlmardey E 4 of Qctf T X o 10,
preferably m6, I rmstmarre e?&erﬁllm ’ toc 4?{;3?% b%)a gﬁo%r %ﬁlggen

bei ng espeﬁ#@llpyﬂlﬁﬁéff’éﬁﬁé -descibhd erU §.Pat. e did 51086y 4 555 566 24,882,697 t he

group cons?éé Bg g{)‘s hydrogen or an al kyl or aryl group of froml to 20

carbon ato e? ably from1l to 10 carbon atons; each RIlI and Rv is
i ndependent |y selected fromthe group consisting essentially of hydrogen
or an al kyNoﬁFpo&rméncgrﬂLplha@& polpaboxtylic 18cidpr beradBl YastfuPN¥dr Refring0St

preferably_ 1 to apeé) toms mis equal to |l and (n + s) 'is greater
t han or eqﬁ‘&icn?'@h?edp? e?fﬁ dgd 1%&‘6@0%1300 Zpgies arquder erampde, shaekphatich

reater th I r aI ha or beta to a
g ?&a g&g’-ﬁ% acf ARF Rid &Rds %‘t@d %}Eﬁs Jorrh P

car bonyl east two car are separat ed by 2to 6
car bon ato . Cbvi ous{ m R, RI' and REV cannot be aryl when the
respectlveﬁkﬁﬁﬁ&@Kﬂéﬁ-hﬁE%NR BY) han 6 carbon atonms. Illustrative of

sui t abl e pol ycarboxylic acids are citric acid, nallc acid, and agaricic

aci di 1 ncl ygag, & hea RELOHSrERTIPLGR) sl S Pal NEHE R rotiSln 3 0 (AP ©

20, preferably 2 to 10, carbon atoms; R! is selected from the group consisting of
hydrogen or an alkyl, aryl, acyl, or carbonyl dioxy group of | to 10, preferably 1 to 6,
most preferably 1 to 4, carbon atoms, with hydrogen being especially preferred; each
R" is independently selected from the group consisting of hydrogen or an alkyl or aryl
group of from 1 to 20 carbon atoms preferably from 1 to 10 carbon atoms; each R™
and R" is independently selected from the group consisting essentially of hydrogen
or an alkyl or aryl group of from I to 10, preferably from 1 to 6, most preferably 1 to
4, carbon atoms; m is equal to 1 and (n + s) is greater than or equal to 2, preferably
equal to 2 or 3, and n and s are each greater than or equal to zero; and wherein (OR")
is alpha or beta to a carbonyl group and at least two carbony! groups are separated by
2 to 6 carbon atoms. Obviously, RI, I'{”, R”I and R"Y cannot be aryl when the

respective substituent has less than 6 carbon atoms.

Ilustrative of suitable polycarboxylic acids are citric acid, malic acid, and agaricic
acid; including the various commercial forms thereof, such as, for example, the

anhydrous and hydrated ‘acids. Illustrative acid esters useful herein include, for
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nd hydrated acids. Illustrative acid esters useful herein

?Egrg{jggsfgrdllyS August 2003 WO 00/46274 PCTI US99/ 29060 exanpl e, acetyl
citrate and nono- and/or di-stearyl citrates and the |ike. Sdiugasti280aci d .
am des useful herein include, for exanple, N N -diethyl ci tr! c acid am de;
N, N - di prop I FI% ric acid am de; N-phenyl citric acid am de; N-dc;glecyl
citric acid érﬁodg,” N, N - di dodecyl citric acid am de and N-ddU&¢yio9/a%060 c
acid ami de. Derivatives of the foregoing polycar boxylic acids are also
sui tabl e f ¢kample, 4astitl lvéirase and imoaoodnd/ tredipntes@nditrate Y@ HieOlee, E¥ALBN 834 Of

' ' lyzi ng. conpounds can be found in U S Pat. Nos o
Zu'stlgbi)gaf %ﬁﬁ%g&%@g he ?@7?%’ g?fde’ﬁ‘mﬁ’, ;&bﬁ.—d@%mm@emd 'q‘r?mdc:t }[\Jchﬂﬁgi Iz |Z 23
agent's usefdigropy dithie aRID&RsR; M-phdN§I bﬁ'M? @I?i'doi?niﬁQ;rN-cH)r réiﬁ'-% %?lilfggm# ot oo
PPE i ncl ude conpounds contai ning ah acy uncti onal "group n _ ne
speci es of N:Nedigpdnsp! eitnins peid iamjdotndchirduateyyli maliccadis amide. DaANI 85 aci
esters, acig ) é Ldes, amnes, ortho esters, hydroxyls and carboxylic
acid anmoni ?%H‘Ws%??‘é’? lﬁ%’?ﬁﬁ ¢S #G a@?aﬁ‘r‘ﬁﬁ?}lg fPmeseuitehe Rrastioe of el prewoti ni g
anhydri de, inveftion. GRbMPRSS sGitalé RirkridRfl)AHd aﬁmqp&.anEEM b 'f&{n%r}g%ﬂs;‘]ﬁiaﬁi actd
chl oride, l-acetoxy- acetyl-3,4-dibenzoic acid anhydride, tTerep atic
acid chl orﬁ&%,‘i’%lr%a/ e4dPP 66, 4,87 286 §,00,8811.ng epoxyal kyl
chl orocyanurates and chl oroaryl oxytri azi gig 5,§\ddlr':1| ogal ﬁi(ag?l Sﬁecggo\?g
found in R : 74 , . e ) !
ment i oned@%ﬁét%ﬁ%&%?%ﬁlaﬁgﬁt gé?nﬁgsl Slégj r equi’r 8P FY _Oggglreoﬁ‘r"?’étﬂf& yor
funct i onal preparingefupRidriatiz¢chBPE widlwde dosnysuhfi cér@athinleQud 401 AURHBRE grou
conpatibility Set en the various conponents in the final conposi-tion. As
or evi ous| y*9a! ?;aﬁﬁ@é%?pelcf?&io_ 489 BIOLP GPnFiRRRD YRR bOtbistachis| Acid anhyﬂr_uiﬂgr e
resi st anceacidedt@f] 2634 bRfides, 1eraéQ\éﬁﬂné§h>6§ﬂ68%LtePsr %ﬁg!%hg&@ca%@@g Iﬁg‘ghe
tensile and inpact properties and a S$tabilized r 1Ot
bl end conpSHERRIUBhidies Neridimiingiekampies linoludahetorofewigi $uc8Rfo anhydride,

chloroethanoyl succinic anhydride, trimeliitic anhydride acid chloride, I-acetoxy-
acetyl-3,4-dibenzoic acid anhydride, terephthalic acid acid chloride, and reactive
triazines including epoxyalkyl chlorocyanurates and chloroaryloxytriazines.

Additional examples can be found in U.S. Pat. Nos. 4,600,741 and 4,642,358.

The amount of the above mentioned functionalizing agents that is required to
appropriately functionalize the PPE is that which is sufficient to improve the
compatibility between the various components in the final composition. As previously
discussed, indications of improved compatibility include resistance to lamination,
improved physical properties such-as increased tensile and impact properties and a

stabilized morphology between the blend component phases under static or low shear

conditions.

An effective amount of the above mentioned functionalizers, based on the amount of
the PPE, is generally up to about 8% by weight, and is preferably from about 0.05%
to about 4% by weight. In the most preferred embodiments, the amount of
functionalizing agent is in the range of about 0.1% to about 2.0% by weight based on

the amount of the PPE. The actual amount utilized will also depend on the molecular
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An effective anmount of the above nentioned functionalizers, based on the
anount of the PPE, is generally up to about 8% by weight, and is
preferably fromabout 0.05% to about 4% by weight. In the adsQugr2dD8rred
enbodi ments, the amount of functionalizing agent is in the range of about
0.1 %to about 2.0% by wei ght based on the anmount of the PPE. The actual
amount uti | WPd84647f| al so depend on the mpl ecul ar 12 5 AuguskCT/USIH/20@50

00/ 46274 PCT/ US99/ 29060 wei ght of the functionalizing agent, the nunber and

type of reagighteofSpedheaidpelizingaenutie fimbdtngdd efRl be %éthl@Q%PéCl?qgexi he
degree of corrpatl bility that is desired in the final resin

conposi ti omolesyieebfungtionalizing agenbarpithe degrea pheompaltblilinyitbat is desired dmHel shed

by reducin sol vent flash vessel while preferably
i ncr easi nggi %Q%?lg%%?z:tuﬁ]?ghg?ﬁt he PPE containing solution. Pressures of

about 35 to 50 bar are desirable with solution tenperatures increased to
at | east Zﬁmﬁcermaebxerquthy BPE atontadrdsg s2BOGn A salomisishel @ly reduciBEef at
| east 55% 51E)ref er.abl % or her is. deS| rable. A total

i sol ati on Pro¥BE4" iasgg‘pYF%tf @?Spe‘ifssrei)l“’?‘ﬁ%cﬂr%fte?atk? {REcappg thedempgratugs of te t ot al
i sol ation, PPER%hiathﬁ% SSlutidte BrebRRlofiaBol B & APb 48 MRYERd E{:tﬂrsgﬁftlo

reduce the solvent Toad on the total isolation equipnent. nctional i zing
agent can kenpsfaterss ilnﬁedayeca@cbécﬂeasitmﬂfﬁepﬁ%alﬁy oicat/maa;l 2308CatA eoigdsduvding t he

| sol ation Fo tionglizi agent may be added pri or
to renoval 8@%8??&?\1& S%BPrT‘pkfﬁ@X %ﬁﬁﬁ?aﬂ °0q E%%F Fedesisabladded during the
concentration of the reaction m xture, or both. Li kevm se, functionalizing

agent can hetodsidestatért brdche BOReRMEd AbLGsolARG! ihenpEo) UA& rt SR 1%'&3 final
devise for_sol vent renoval . Functionalizing agent nay al rnatlv y be

added si muisplafiesiaspartion oLie splxpntds predarably remevad ipregderThgedusiednd saivernf t he
addi tion 1098 %B't?@to?%Xsokl)zﬁmw ﬁ%h%h%qt bﬁ‘u&c?lgnﬁczt%lxyéégfgl rﬁge S{Zt‘F%weM Z@%dand. by

the properttes o nct1 onal™ zi'ng "agent Wit opti mum
| ocation. ibhehd iRFH at selveral docavibng hiurinBE thes ififioar pebdtssar Fof tex@ihpld, N a
devolatili iz'unct on%)l(1tz{nléda%gnt may be added prior to removal of solvent, the functionalizing

agent may be added during the concentration of the reaction mixture, or both.

Likewise, functionalizing agent can be added with the concentrated reaction solution

into the final devise for solvent removal. Functionalizing agent may alternatively be

added simultaneously at several different locations. The selection of the addition

location may be dictated by the actual equipment utilized and by the properties of

functionalizing agent with a determination of an optimum location.

The final isolation of the PPE is preferably 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 preferable from the viewpdint 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 catalyst removal be completed in the prior process steps as any

catalyst remaining in solution will necessarily be isolated in the PPE.
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al t hough ot her nethods involving spray drying, w ped filmevaporators,

fl ake evaporators, and flash vessels with nelt punps, including various
conbi nati ons involving these nethods are al so useful and i rb Aggust POG3 ances
preferred. As previously described, total isolation is preferable fromthe
vi ewpoi nt t ad olehPoneric  species are not renoved to the sane degree as
with precipitation. Likew se, isolation vyields are extrenel yPGi/GHo500ar e
near quantitative. These techniques require however that the catal yst

renoval be Reyepatidizing exiruders and procpsec askmdbeph &S 3 ¥hd k%'uy%v%@gi ni ng
in solution wl]| necsari% beis'lat?dinthe PPE. 13 5 AugUst 03 WO
00/ 46274 PCH'IESSY CIbEYEPRTd Wity pwliple veadeg segitongrfor selvest mrmvinown i n

the art andheyfdveddtiliziden ¥ i C 2X r .equi pped with multiple
venting sections for a6 veh%/&rr%r?}oélsgqﬁe%%@%gv% r%ktgflwl% r?@ggﬁqqsu%?%ofmst

of ten cont &lemests adapted fon suohepentiony pesingfle feddie HesoRdBRERE Jiar g
Il zatiogn and liquid seal formation.

oper ati ons I ) e edin devol af i )

These el emg‘?ﬁsi sfgﬁn% O&dgﬁ?%rﬂéi’?ﬁ“f Mcgtﬁiﬂe‘la“‘é?éﬂéug'étpéﬁ@rﬁ%elm@ttg desigifedrfor si npl e
transport, sfle neaepse- iid abicedt-SighRY 96y CHld ROFAERL SlelBnl $, Lo, provi de

i ntensi ve mi xi ng and/or create a i%eal . Part%ﬂgupglr]l?a;ﬁﬁlsgemen&r go provide

count er r ot HHFHYS RGHNS | aaeior raseate pgsealhi Partardaty ex¢fulider SounkdirodMinph nBAe Screw

is usually; : gr. to facilitate efficient f1 ow through the
die of t o P ERREink %‘e}“! %Q%gx?’?*ﬂﬂdfee&’ '8, R QAR SRS Huadly dongen ar itm
various maothkast facitate ieffdietdi Moy theug teali® ok kﬁmﬁgteﬁX\%éih%QxE&?e'df‘sﬁ%s’ I nc.
In the practice of the present invention, the preheated concentratre

sol ution EHRREPHi H$gayaileblepiroms varens) masufapmireteviotiadingi the nefomgicnticiesd and

mai nt ai HEd%t]diﬁ%]Eh HeeLaiHr e I ess than about 300C, and preferably |ess than
about 275C, wt gress’ure's in the vacuum vent of |ess than about 1 bar.

The exact tenperature will depend in large part on the |I.V. of the PPE and
the corresPoile rgasticscofithy pesoti atvedtion, the preheated concentrated solution

containing the PPE is fed into the devolatilizing extruder and maintained at a
temperature less than about 300°C, and preferably less than about 275°C, with
pressures in the vacuum vent of less than about 1 bar. The exact temperature will
depend in large part on the LV. of the PPE and the corresponding viscosity éssociated
with that L.V. resin. The functionalizing agent can be added at various locations along
the length of the extruder with good results. The resultant solvent level is preferably
reduced to less than about 1200 ppm, preferably less than about 600 ppm, and most
preferably less than about 400 ppm.

Another unexpected result obtained through the use of a devolatilizing extruder was
the extremely high yield of PPE achieved in the process. For example, a PPE yield of
over 99% was obtained even for PPE having a low LV. (typically on the order of
about 0.08 dl/g to about 0.25 dI/g) whereas in the precipitation process known in the
art, the yield of similar low LV. PPE was less than 90%. Thus, the present process
comprising a devolatilizing extruder affords a method to prepare functionalized low
molecular weight polyphenyiene ether resin, typically within the intrinsic viscosity

range of about 0.08 dl/g to about 0.25 di/g, in a yield of over 90%, preferabiy over
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with that 1.V. resin. The functionalizing agent can be added at vari ous
locations along the length of the extruder with good results. The
resultant solvent level is preferably reduced to |ess than5dbigust 20960 ppm
preferably | ess than about 600 ppm and nost preferably |ess than about
400 ppm Angid@yaspaexpect ed result obtained through the use @hbtAsoome 60
devol atilizing extruder was the extrenely high yield of PPE achieve

t he process. For exarrpl e, a PPE 0| eld of over 99% was obt ai ned even for
PPE havi ng $%-ofiore prefemably e ?/gl ‘oréndn@ost gesferably eneo R9%). BiBediupon dhabout

| d
of i mh 1 T O rOpp e RERFAT PR B BT Mg ccont process T

conprising a devolatilizing extruder affords a nmethod to prepare _

functi onal i Weeh |wing aoteclstdizatien gixtrupea yqsrgereyltamgé@téalhi/%h bﬁ&hdg 1mw18v§g| ly

within the jntrinsic yiscosit range qof, about O g to about

di/g, in aXypeiga edo‘%(/‘l a@B%VYOﬂFé*F%C%;Sgy“ gipe founl thataraslidenad puderwmenor 46274
PCT/ US99/ 29066 ORI ¥ S8088F ¥xAKBle RBYWRAY, OMEI 99%
based upong%ﬁe %Zgr?;)ﬁnt n% m)r?ova en’% pheenol Utla| I'z n@@bp%%&%é%% faletlly\soe

coupl i ng. \meHeis u@vnguwcdq&l@blatnemltsapneammdxyrolmherco fthe lowwemttsdengthodrat | on of

T e A o R S

fol l owed byeshifipaps REnt beorexrhé URGkediffid@tiese| QAN BRNSIQHAR HRRIeaBl§adesul t's
presumably due to the |ow nelt strength and inherent brlttle nature of |ow

|.V. PPE.  Ipellgizationuingludig urdsewatar ppléqtlzemrzand cﬂﬁlﬂngedmilmf@mglantrmdercoma

d d t
et uding GederanesroR Vel SRR SR PRyt Bel Aifind Sugietlia:

pel |l eti zat |penetimumgesmtﬁnysm@ye_ng, and vi br ation drop pell et| zation with
under wat er peI letization especially suitable. The collected PPE pellets

ues s ard in the art includin
can be dri e[%e c‘caecf ﬁf;ﬁ pellets can I21(1'11<3d usfng techniques standard in th% art including
centrifugal dryers, batch or continuous oven dryers, fluid beds, and the like.
Determination of an appropriate set of conditions can be readily determined by one of

skill in the art without undue experimentation.

As an alternative to completely isolating the functionalized PPE, one or more
resins may be added to the devolatilized functionalized PPE in the same process. The
one or more resins may be fed into the devolatilizing extruder although additional
extruders may also be used. Possible variations include melt feeding the one or more
resins into the devolatilizing extruder or melt feeding the functionalized PPE from the
devolatilizing extruder into a second compounding extruder as well as combinations
of these. Accordingly, in one embodiment a compatibilized blend is afforded by the
process without complete isolation of the functionalized PPE. The one or more resins
can vary widely and can also include additives common to such compatibilized
blends. Such additives include impact modifiers, lubricants, flame retardants,

- pigments, colorants, fillers, reinforcing agents, carbon fibers and fibrils, and the like.

Preferred resins include polyamides, polyesters, polyarylene sulfides, polycarbonates,
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centrifugal dryers, batch or continuous oven dryers, fluid beds, and the
like. Determ nation of an appropriate set of conditions can be readily
determ ned by one of skill in the art wi thout undue experi féwgusti2f83 As an
alternative to conpletely isolating the functionalized PPE, one or nore

resins may g qa46e4q to the devolatilized functionalized PPE j he same
process. The one or nore resins may be fed into the devol at"ﬁ[-lrfi’ﬁ?% 2060

extruder although a dih}onal .extruders may al so be used. Possible

vari at i onsPPlyeingiamidRs; funcuenalized pelyolsfias. qolysuifonesy pelyatheisutfondshend the
devol ati | i gihg extruder or nelt feeding the functionalized PPE fromthe
devol atilizing extruder into a second conpoundi ng extruder as well as
conbi nati ons of these. Accordingly, in one enbodiment a conpatibilized
bl end is abllgetats dtedtiyaefeprmoe axsinvirbiratetd heripbetderieagd. at i on of the
functionalized PPE. The one or nore resins can vary widely and can al so

i ncl ude addi ti,ve mon, t.0,such co ibiliz bl ends. Such additives

i ncl ude idn%‘a%rﬁernﬁ‘éfﬂ]"éf é*,“t”F%‘? FigAtt BRI pp Bger LirREUCe theigyastios; the

col or ant s, follbWi SaniRésHrO ERied By 3GOHr HusEas o d do@%g%ya%ﬂ t%lfrﬁi%o}q,s, and the
|ike. Preferred resins include polyam des, polyestérs,” polyaryleéene

sul fides, %a_r bonates, 15 5 August 2003 WO 00/ 46274 PCTI US99/ 29060

pol yet heri €S functional i zed pol yol efins, polysul fones,
pol yet hersul fones, and the I|ike. Al patents cited by reference are

i ncor por atwggyhesBliidnWeab8d£r ence. I n order that those skilled in the art
TTer able To prac

w ll be be tice the invention, the follow ng exanples are
given by way of illustration and not by way of limtation. Exanples

Pol yrer i zah bancakbaboratory redctiopgeapd andusastmnaonditieaciredndicsted peloand reacti on
conditions are indicated bel ow The catalyst solution can be prepared by

LTS St ELCBREUR RO o0y sl o8 UM 0
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-iylenol 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 initially at about 40°C to about 45°C/48°C towards the end
of the run by circulating water from a constant temperature bath through the cooling
coil. Molecular weight build is continuously monitored with a typical reaction time to

target [.V. of about 100-107 minutes,

In the glass reactor vessel, the copper catalyst was complexed by the addition of a
complexant like nitrilotriacetic acid (NTA) or other copper complexing agent in order
to solubilize it in the aqueous liquid phase. The equilibration time was approximately
70 minutes and the temperature was approximately 55°C. The catalyst was removed

with centrifugation.
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one liter stirred glass reactor equipped with an internal cooling coil and
inlet tubes for oxygen and nononer. A rapid stream of oxygen is introduced
near the bottomof the reactor and a solution of 70 g of 27AUgUsEIEB in
100 M of toluene is added through a netering punp, over a period of
fifteen mn , the rapidly stirred solution. The tenper |

mai nt ai ned %‘f |4a6%7ﬁy at about 40C to about 45C/ 48C t owards tﬁgjng‘ﬁgwigﬁ?othe

run by circulating water froma constant tenperature bath through the
cooling coil. Kotheagh dhe qendifinns mue Ifer # Jabwsatornn seals rsactiomithey édl gendri a

typical re i i . of, about 100-107 mnutes. Ln the

gl ass reac (ggrléé\?)zesg%{Efan}t“ﬁeéc%og%g%ssé%kéaawgt0"&@‘& E%W&%dewp’iﬂﬁ‘ét %‘89% on of
a conpl exandud buedenbyt 6rid oftskillbia éfid it.aci d (NTA) or ot her copper conpl exi ng
agent in order to solubilize it in the aqueous |iquid phase. The
equilibration tinme was approximately 70 m nutes and the tenperature was
appr oxi mtm@lﬁ% catal yst was renoved wth centrifugation. 16 5
August 2003 WD 00/ 46274 PCTI US99/ 29060 Al t hough the conditions are for a

| abor at or y TggRhe coRBtidrsOfdr L @¥minRr A NRLR! areSELIGIRRYE tﬁlecppﬁE%(ﬁftﬁ'J]ing
processes carried out in conmmercial equipnment wthout undue burden”by one
of skill isplutien wroreheRteddondemparaiuieoot at Taast 24(°Ccoprtsdureons c4.080 tarc @hwer ci al

scale are as follo The, PPE cont ai nin sol uti i s preheated to a

t enper at ur %(ﬁwl’or’ais ﬁf\%ggq p‘?ﬁ’bvcpﬁssﬁf%gkﬁﬂ@gbf’eséﬁl. a?g%bsé’?‘.ds tRRenE el #ftledss i s

fl ashed toadRiveB1ES THE Bidhsofdd lehis\Rsisle B REBESAkisHRAPRLEND f il | east
about 65 % The high solids level is desirable to reduce the solvent |oad

to the totplatips giepment thefuvprtd have been preaghtiwithoet freemcpmtestomt  Tyidadut
pr econcenté tdi- 8)n. a;ré/t%l?lgtled b&%@di tions are tabul ated below. P before the
flash vesse :}f "B &t )

P before the flash vessel: 40 bar

T before the flash vessel: | 245 -260°C
Feedrate to the flash tank: 0.7-.87 ton/hr
T after the flash vessel 114 - 126°C

Total isolation:

The isolation is preferably carried out in a devolatilizing extruder. The preferred
devolatilizing extruder is a co-rotating twin screw extruder with a backfeed capability.

Multiple devolatilizing venting sections are preferred to achieve low volatiles content.

PPE Functionalization in an Extruder

For comparison purposes, the extruder described below was used for the
functionalizing PPE powder (IV=0.32 di/g). |

Extruder type, characteristics and settings:
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T before the flash vessel:245 - 260C Feedrate to the flash tank:0.7-.87
ton/hr T after the flash vessel 114 - 126C Total isolation: The isolation,
is preferably carried out in a devolatilizing extruder. The5puglsr206d
devol atilizing extruder is a co-rotating twin screw extruder with a

backfeed cawetwkézry. Miltiple devolatilizing venting secti ongqy 51399/29060
preferred to achieve I ow volatiles content. PPE Functionalization'in an

Extruder F ses, the extruder described bel ow was used for
the funct %nlci Izin Hﬁ@%ﬁqgg‘wg‘er (I V=0.32 dl /g). Extruder type,

characteristics and settings: 17 5 August 2003 WO 00/ 46274 M ni - ext ruder
Prism 16T EScr&Qflg:w t ypefwinn Tenpera Lrﬁnﬁ&!‘ 7 g i ng Screw
| engt h25DZone 1: 284 Dijaneter 16 nmZong 2: te%eéa(% 29 nZon 3: 240
Vacuummot [usedFeeder: 130 Tor que=60% (14 Nm). PCTI U809/29060 Each of the
functionalfi zi ng agent s ¥&i-6lvaning ni xéd with PPE at g | oadi of 2 weight
percent bgsed on the yweight of the PPE a) Fumaric Acid (FA), powder ( M=l

16, nmp=300 &} ehgrAThydride—(iy mted—peHtets—(MO8, np=55 C,
by=200 Q) | Sorew tengttt F25D° Done T 584

Diameter 16 mm Zone 2: 302
Speed 300 rpm Zone 3: 240
Vacuum not used Feeder: 130

Torque=60% (14 Nm).

Each of the functlonahzmg agents below was mixed with PPE at a loading of 2
weight percent based on the weight of the PPE.

a) Fumaric Acid (FA), powder (M=116, mp=300 °C).

b) Maleic Anhydride (MA), milled pellets (M=98, mp=55 °C, bp=200 °C).
¢) Glycidyl methacrylate (GMA), liquid (M=142, bp=189 °C).

The extruded samples were dried for 8 hours at 90 °C/50 mmHg.
Purification: _

10 g of PPE-grafted sample was dissolved in 75 ml of toluene and then precipitated in
I I of methanol for FA and MA, filtrated and washed with portions of methanol.

For GMA acetone was used instead of methanol. Samples were dried for 8 hours
at 90 °C/50 mmHg

Results grafting:
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c) dycidyl

met hacryl ate

(GW),

liquid (M=142, bp=189 C).
sanples were dried for 8 hours at 90 C/ 50 mrHg.

Purificati

The extruded

on:

10 g

of

PPE-grafted sanple was dissolved in 75 ml of toluene and thé&Mugusiclgeidt at ed

in 11 of methanol for FA and MA, filtrated and washed with portions of
met hanol . Rep gelykr7acet one was used instead of nethanol. Sanp 836%?’%&@” ed
for 8 hours at 90 C150 mmHg Results grafting: 18 5 Augus
00/ 46274 PCT/1UsQ9/ 20060 PPEPPE-g- EAPPF- g- MAPPF- g-  GVA
Type™ ext ruged' [ Aci d] [ Anhy8PEde] [ EpoxBRE-@\FA dI /{PRE-8MA380| BFB-g39 grpfting
(eqg/ g)--638022 Conversioh (%--18.639.215.6 Cdl cul ations grafting: [.
PPE- g- FA nmpasured by acifd titration with sodi ynmet hoxi de. GMAL: 2 Mm% FA =
172 nmol FArg = 345 eq acjd/g After jextrusion: {146 eq acidfg = 73 nmogl FA/ g -
0.85 wt% A preci pi t ptdx@ded3 daared1d/ 9 = gnﬂw TV O 7 W%
Conver si on] 351 172 x 100be 2 o 6% gratiing b, gPE—g-nl\/AdjvrrearsEg?}é by |aci d
titration w } i

v (dl/g) | 0.39 0.38 0.37 0.39

grafting (peg/g) | - 63 30 22

Conversion (%) | -- i8.6 39.2 15.6

Calculations grafting:

a. PPE-g-FA measured by acid titration with sodiumethoxide.

Start: 2 wt% FA = 172 pmol FA/g = 345 peq acid/g

After extrusion: 146 peq acid/g = 73 umol FA/g = 0.85 wt%

After precipitation: 63 peq acid/g = 32 pmol FA/g = 0.37 wt%

Conversion: 32/172 x 100% = 18.6% grafting

b. PPE-g-MA measured by acid titration with sodiumethoxide.

Start: 2 wt% MA = 204 pmol FA/g = 204 peq acid/g

After extrusion: 144 peq acid/g = 144 umol MA/g = 1.4] wt%

After precipitation: 80 peq acid/g = 80 umol MA/g = 0.78 wt%

Conversion: 80/204 x 100% = 39.2% grafting

¢. PPE-g-GMA measured by FTIR on epoxy-group
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Start: 2 wt% MA = 204 nol FA/g = 204 eq acid/g After extrusion: 144 eq
acid/g =144 mL MA/g = 1.41 W% After precipitation; 80 eq acid/g = 80 nol
MV g - 0.78 wt% Conversion: 80/204 x 100% = 39. 2% gr af t i ngS AUIPSIER20§3GVA
measured by FTIR on epoxy-group 19 5 August 2003 WO 00/46274 Start: 2 wm %

GWA - 141 I (%/2% = 141 eq epoxy/g After extrusion: 0.97 wt % epoxy/g =-
69 nol G\/NNSVO: €g epoxy/g After extraction: 0.31 w % epoBRHTSA29060rD]
GW g = 22 eq epoxy/g Conversion: 22/141 x 100% = 15.6% grafting. PPE

Funct i onal i St Dwt%GIA St40 mnTTNPRAOL 290 iJJ ustrate the utility of
functionalization of PPE in rueacti on sol ut ?%hn?}bgwgo wei ght percent PPE
solution in toluene containing 5.5 weight percent of functionalizing agent
was pur ged ARETIFXARSioBYRR7 Hith thoayied 6 LmbUMAYEGGINddepoagigt at i on for about
30 minutes. The reaction solvent was renoved by devolatilization. The

procedure f f P onglait asurenent including_extraction and product
i sol ation \A’dfga%rfe g{}%é()tilxogldagé %ﬁ?ﬂ%‘y@gﬁg&g@ g*ﬁ‘ig{a T2 Bed EPOXF & t i ng
efficiency for maleic anhydride was 67.2% and fumaric acid 87.1% As can

be seen by CGoneasiont 22541 atliooe: dasay, frafier grafting efficiently levels were
unexpected obtained with the process of the present invention as conpared

to PPE fu ional.ization of the prior art. These and ot her enbodi nents
shoul d be Eggﬁ@ﬁw%ﬁ‘—?—&mﬁé‘é%sure contained herein. 20 5 August 2003
To illustrate the utility of functionalization of PPE in reaction solution, a 20
weight percent PPE solution in toluene containing 5.5 weight percent of
functionalizing agent was purged with nitrogen and heated at about 240°C with
agitation for about 30 minutes. The reaction solvent was removed by devolatilization.

The procedure for functionality measurement including extraction and product

isolation was followed as in the extruder grafting part,

Grafting efficiency for maleic anhydride was 67.2% and fumaric acid 87.1%. As can
be seen by these illustrative data, higher grafting efficiently levels were unexpected

obtained with the process of the present invention as compared to PPE

functionalization of the prior art.

These and other embodiments should be apparent from the disclosure contained

herein.
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CLAI MS: What is clained: 1. A process to produce a functionalized

pol yphenyl ene ether resin, said process conprising oxidative coupling in a
reaction solution at |east one nonoval ent phenol species u8iMgusi2063ygen
containing gas and a conplex netal catalyst to produce a pol yphenyl ene
ether resin; renoving at least a portion of the conplex netal catalyst;
and functi gpalagti ng the pol yphenyl ene ether resin during at |east one

i solation step for devolatilization of the reaction solvent 2. The process
of claim1l wherein the functionalization of the pol yphenyl ene ether resin
is at | easWipatrisiclaim@de in a flash process to concentrate the

pol yphenyl ene ether resin reaction solution. 3. The process of claim]

wherein the functionalizat] f b&ini | east
partly done-in PIRKRSA iH‘%ﬁhﬁ% %%@3? }ifé;f@rﬂ;}ﬂ@ﬁ%%%gggétg? igzIégllii“Fn%laﬁ:twher ein
the functi gP@ééséabbﬁﬁ:ri@fngt bidative pbeuplingnie aetsaetion esolution rgdr least ang owi ng

t he pol yphenyl ene ether resin to react with a functional %‘5‘# 8&%‘9 havi ng
both (1) amanavelerd=phens! FPEsies ¥RIRA a5 OXYORM PBRIAINIRY Gss %g P and

(ii) at le L€ | sthi iAf Dipygyat eatidls,
acid anhydﬁ%@geggﬁﬁs@rﬂg?&g{ip%[@rﬁegggﬁéi ?tnhﬁ_gg?s_'ghrﬁgg, mgortho esters,
hydroxyl s pagticraobthe kompiest thetaimcatalyst;sand functionalizing the eslyrierylensn 4

wherein the functjonalizing agent .is at |east 0 up
Consi st i ngedreriasie auriagghibagbon isain 8P or REVoRMRAREL e fadcRb

1, 4- phenyl ggﬁ,— H{.s met hyl ene- al pha, al pha' - bi smal ei m de, nmal ei ¢ hydrazi de,
nmet hyl nadi A ydride, fatty oils, acrylate ortho esters, nethacrylate

ortho esters, unsaturated carboxylic acids, unsaturated al c?h | s,
unsat ur at e@. arfheprocess af claitrky whereindhe funatiopalization of theqelyRhelyleng, 5

August 20034 o+ resin is at least partly done in a flash process to concentrate the
polyphenylene ether resin reaction solution.

3. The process of claim 1 wherein the functionalization of the poiyphenylene
ether resin is at least partly done in a devolatilizing extruder.

4. The process of claim 1 wherein the functionaiization of the polyphenylene
ether resin comprises allowing the polyphenylene ether resin to react with a
functionalizing agent having both (i} a carbon-carbon double bond or a
carbon-carbon triple bond and (ii) at least one species of the group consisting
of carboxylic acids, acid anhydrides, acid esters, acid amides, imides, amines,
ortho esters, hydroxy!s and carboxylic acid ammonium salts.

5. The process of claim 4 wherein the functionalizing agent is at least one
species of the grbup consisting of maleic anhydride, fumaric acid, N-
phenylmaleimide,  1,4-phenylene-bis-methylene-alpha,alpha™-bismaleimide,
maleic hydrazide, methylnadic anhydride, fatty oils, acrylate ortho esters,
methacrylate ortho esters, unsaturated carboxylic acids, unsaturated alcohols,
unsaturated amines, and trialkyl amine salts of unsaturated acids.
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6. The process of claim4 wherein the functionalizing agent is at |east one
species of. the group consisting of mal efic anhydride, itaconic anhydride,
aconitic anhydride, fumaric acid, and derivatives thereof. 3 .AUgust2008cess
of claiml wherein the functionalization of the pol yphenyl ene ether resin
conpri ses=| al l owi ng the pol yphenyl ene ether resin to react with a
functionaligin f ' ' ' ' acid
ot er s 1 eprosen e SR A P pe, e RasEPRe R I
a |inear orspecies lofdthehgroup seonsisiingd ofmalsict izohpdritde c #iadonic oantiydride? t o 20

car bon atoms ' IS selected f.romthe con I sting of hydrogen or an
al kyl, aryl8@ &H?M@r hﬂﬂ?ﬂcép&ﬁna%ﬂﬁg 989'31‘0 carbon atons; each R
S independently sel ected fromthe group con5| sting of hydrogen or an

al kyl or gyl Taé%cégs of élﬁin%ﬁ%@r@:rﬁﬁ%@ﬁcﬁdr@lﬁah&ﬁéhth@ polyﬁﬁ\éh)ﬁe e g en

Independentlge selected fromthe group consisting essentiall
or an al kyletber egsjn cog]m;qgsoanmmomtnemlymeaumsretaebn@mrtolreae’q ao I’

fhan o "eqahSidtifRing A0 sdhefiihg  alihdiic, BARGRHRIIS Bise 4R B
group and @stérsar@bréyéme@ ARPER'OIRR( c@@ﬂ"memm‘"n” owRersi (RN

'bglme' fofrn
atonms and wherein R, and R V cannot be aryl when the respective
subst i t uents RdiNEAESE hfﬁaﬁ'lﬂﬂ §hﬁlﬂoﬁa€1¥%ﬁ$§| alwhaﬁn@ygm;@eb,@ of from2nio720her ei n

of the S?S&s*‘%@ﬂ?@?‘%ﬁ?a% 8RR it ive g Sarigpng: of wefdien. ¥ B7C' T

anhydr ous hagyt, 2] mohﬂ!eduew gréup dhe tori earbonl atohts; redchV\R!éﬁgl n the
functional iz t| on of th oly | ene ether resin co ses al ] owi ng the

pol ypheny| f&m@ﬁemvp SORSEURE B hEroURm:. BT SRA B agont
cont ai ni ng4 s lit group

consi sting ﬁ' %}g?goxy I C g.gla aci anﬁ%n R aﬁ%ﬂ%@%peﬁdé@@s,

am nes, or selectad &rom thglgrmjg/benmmd':g:asmwly@fdrthbgmnanta’rk)dajrtawl 10.
e pr 0cesg gl 6 b 18 cErfoh Horke 54 Q3615 TnG B ') i€ Pbate Py O™
or equal to 2; and n and s are each greater than or equal to zero; and wherein
(OR') is alpha or beta to a carbonyl group and at least two carbonyl groups
are separated by 2 to 6 carbon atomns and wherein R, R", R" and RY cannot
~ be aryl when the respective substituent has less than & carbon atomns.

8. The process of claim 7 wherein the aliphatic polycarboxylic acids and
acid esters is at least of species of the group consisting of citric acid, malic
acid, agaricic acid, and the anhydrous and hydrated acids thereof.

9. The process of claim 1 wherein the functionalization of the polyphenylene
ether resin comprises allowing the polyphenylene ether resin to react with at
least one functionalizing agent containing an acyl functional group and at least
one species of the group consisting of carboxylic acids, acid anhydrides, acid
amides, imides, amines, ortho esters, hydroxyls and carboxylic acid
ammonium salts.

10. The process of claim 9 wherein the functionalizing agent is at least one of
the following chloroformyl succinic anhydride, chloroethanoyl succinic
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the follow ng chl oroformyl succinic anhydride, chloroethanoyl succinic 22
5 August 2003 anhydride, trinmellitic anhydride acid chloride,

1- acet oxy-acetyl -3, 4-di benzoi ¢ aci d anhydride, terephthali & Augugt 200
chloride, acrylic acid chloride, nethacylic acid chloride, epoxyal kyl

chi orocyanurates, and chloroaryloxytriazines. 11. The process of claim1,

wher ei n theinfgdala] tirmekitié Ginhyaride casin| dredvidk, af-ackxytacetyl i ditédie
devol atilization extruder. 12. The process of claim| wherein the

ml)noval e\rll\;1 qmicbnanhysqf]fda.eier@phﬂwalise@cicllz, acidi rebloridesh@ctilic Epid Tgbl%iﬂécess of
ova : : . _ .
Cntrinsi o DEnaenl e, °f RblofiR, o HEART 0o BhEdeyahrBe e Ao it g

as neasure@hid@ogmdmemgt 250C. 14. The process of claim1l wherein the
functionalized pol yphenyl ene ether resin has an intrinsic viscosity within

the range of about 0.08 dl/g . to about 0.16 di/9 as, neasured in chloroform
at 25C. 1511THdepercess o claimtn whersin &ie, devealaliization: i) aseamplished at

acconpl i sh ' .y latilization extruder and an
under wat er F%eﬁﬁ"éplh@g‘rﬁ{h ﬁ@?gﬁfaﬁ)“r'%%@s@@@é?bduce a conpatibilized blend of a
pol yphenyl ene ether resin and at | east one other polynmer resin, said

process con@r Thengooess obelaim 1-whereimthie monbvalert ploéngl lspegiesreomptises r esi n
made by a nethod conprisjng oxidative coupling in a reaction solution at

| east one v&ﬂ@u&ﬁsﬁe ol species using an oxygen containing gas and a
conpl ex netal catalyst to produce a pol yphenyl ene ether resin; and

functi onal 3i mhe! BRoJREE YT @A SNWhePéiRcthe! RRttosbiized @i phéddéndtiher
i solation step for the devolatilization of the reactioh sol'vent, with ii.

the | east &8N d@sean golripsisr viseasity withiméha renge of about @.0% d)/gHiengabalite
0.60 dl/g as measured in chloroform at 25°C.

14. The process of claim 1 wherein the functionalized polyphenylene ether
resin has an intrinsic viscosity within the range of about 0.08 dl/g to about
0.16 di/g as measured in chloroform at 25°C.

15. The process of claim 1 wherein the devolatilization is accomplished at
least in part with a devolatilization extruder and an underwater pelietizer.

16. A process to produce a compatibilized blend of a polyphenylene ether
resin and at least one other polymer resin, said process comprising mixing:

i.- afunctionalized polyphenylene ether resin made by a method comprising
oxidative coupling in a reacfion solution at least one monovalent phenol
species using an oxygen containing gas and a complex metal catalyst to
produce a polyphenylene ether resin; and functionalizing the polyphenylene
ether resin during at least one isolation step for the devolatilization of the
reaction solvent, with

ii. the least one other polymer resin to the functionalized polyphenylene
ether resin without isolation of the functionalized polyphenyiene ether resin.
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ether resin without isolation of the functionalized pol yphenyl ene et her
resin. 23 5 August 2003 17. The process of claim 16 wherein the
functlonalization of the polyphenylene ether resin is at |é#igugdtQOBy done
in a flash process to concentrate the pol yphenyl ene ether resin reaction
solution. 18. The process of claim 16 wherein the functlonalization of the

pol yphenyl a d i | jgzi
ext ruder. eg;e €T1 ocess o a‘%‘%ﬁ] iE Iq'\?\fli/hée‘Jre‘tehl nﬁ{éhemggﬁ%@#h%atqfoﬁﬂgs
acconpl i shq:b!ppheriyhema ethelpa'e‘am\Mst hut aledey qfzmtly |do?1%t i didshugescestd 1o The

process of clal *@eﬂﬁyﬂp | east one other polyner resin is at |east
partially &?&'@ﬁ ?ﬂ%ﬁm%lﬁeﬂﬂﬂ'ﬁm Soi'lﬂom'he process of claim

16 conprising nel t feeding the functionalized PPE into a conpounding

extruder. 2% Hhfp P Bal‘tlaH f Cdd%h{” 18 r&fn” thae ﬁ@:ﬂna@?ﬁ%&ﬁ hSEB%?éry”er

resin is at |east d to the conpoun |ng ex
process of polypheny@nshather resmm gidegstepartly sioneiirs aatevotatilizingrextneiern
selected fromthe group consisting of pol yam des, poI yest ers, polyaryl ene

2ol ysul T ondd: SR HRRRGER nt ek i caheraly e e\plasialion & apkomblisied at i n

the funct!| paxst iz phitQiitg deblatineite @aidure et her reS| n conprises allow ng
t he pol yphenyl ene ether resin to react WI th a functionalizing agent having

bot h (1) a Eon car bon doubl e bond or carbon-carbon triple bond and

(ii) at he Pita%ﬁﬁ%@ giaim 8 whetsin th@ irast unegotber pahbeenesin iscatls,
acid anhyd | rtho esters, hydroxyls and
car boxyl i Cféaag.?g rmgnl um sglst{'le d%gﬁﬁ%ﬁmn%gs?of claim 16 wherein the
nonoval ent phenol species conprises 2, 6-dinmethyl phenol.

The process of claim 16 comprising melt feeding the functionalized PPE

into a compounding extruder.

?2. The process of claim 21 wherein the least one other polymer resin is at
least partiaily added to the compounding extruder.

23. The pracess of claim 16 wherein the polymer resin is at least one resin
selected from the group consisting of polyamides, polyesters, polyarylens
sulfides, polycarbonates, polyetherimides, functionalized polyolefins,
polysulfones, and polyethersulfones.

24. The process of claim 16 wherein the functionalization of the
polyphenylene ether resin comprises allowing the polyphenylene ether resin
to react with a functionalizing agent having both (i} a carbon-carbon double
bond or a carbon-carbon triple bond and (if) at least one species of the group
consisting of carboxylic acids, acid anhydrides, acid amides, imides, amines,
ortho esters, hydroxyls and carboxylic acid ammonium salts.

25. The process of claim 16 wherein the monovalent phenol species
comprises 2,6-dimethylphenaol.
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24 5 August 2003 26. A process to produce a functionaiized pol yphenyl ene
ether resin, said process conprising oxidative coupling in a reaction
solution at |east one nonoval ent phenol species using an oXyyawste8RBai ni ng
gas and a conplex netal catalyst to produce a pol yphenyl ene ether resin;
renoving at least a portion of the conplex netal catalyst; and

functi onal iz ngat ey ﬁﬁﬁ% ' ' ORE:

i sol ation é%%p fb?ﬁﬁgggﬁgtlligg??%n 0 sPﬁ@ﬁétgggpgﬁﬁwggFéﬁﬁkf%%ga‘$§@

process of RPaEss Z®MPrisieg noxitkativie colpling iiz od i reactidn tsolutiom et i least wplevent

s at |east $art~llé €oBe in a devolatilizing extruder. 28. The process of

el ai m 26 wHBPERYAIEREPRERG! SRRRes Ralna,Rn SVERE Conteipisia-aas and aiGRmpleXsin | s

prior to a V. eql ' ' ) ‘ clatm

6. wher oi n THEY CAAVRC pRidlce®s FAPAGIGR St Tosth reliiRg :3835Ch. o

N phenyl | TRLeL T do. T Ryt ane. bl g et Dyl Shar e s e T
phenyl | mal,ei m de, 1, 4- phenyi.ene-bi s- et ne-al ph' - bis eimde, maleic

hydr az! de, CRIRTISSI-RACY tarAtjedstane ialation sidn for devplatiization ohitesreaciion

met hacryl asgjy@ht ho esters, unsaturated carboxylic acids, unsaturated

al cohol s, unsaturated am nes, and trlal kyl am ne sales of unsaturated

aci ds. 30. Theaprocess of claim 26 wherein the functionalizing agent is at

| east one 2€pedihés prgasst ofi daimm2Bhwhareinptheodsevalatiiration ofiitke ceastignlr i de,

ther oof . 380VRHEH1BSTRiL) BB  dpiatie #8aBssi , pheny! ene i hor
resin, said process conprising oxidative coupling in a reaction solution

at | east 0B® 2%he Awrgosss 2003climoas ewhemdigndhe sfeRdtRMali2atiéh abf Oxy@en
cont ai ni ngpglas and a conpl e

yphenylene ether re)éin is prior to a flash removal of the reaction solution,
29. The process of claim 26 wherein the functionalizing agent is at least one
-species selected from the group consisting of maleic anhydride, fumaric acid,
maleimides, N-phenylimaleimide, 1.4-phenylene-bis-methylene-aiph'-
bismaleimide, maleic hydrazide, methylnadic anhydride, fatty oils, acrylate
ortho ester, methacrylate ortho esters, unsaturated carboxylic acids,
unsaturated alcchols, unsaturated amines, and trialky! amine sales of
~ unsaturated acids.

30. The process of claim 26 wherein the functionalizing agent is at least one
spacies selected from the group consisting of maleic anhydride, itaconic
anhydride, aconitic anhydride, fumaric acid, and derivatives thereof.

31. A process to produce a functionalized polyphenylene ether resin, said
process comprising oxidative coupling in a reaction solution at least one
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nmetal catalyst to produce a pol yphenyl ene ether resin, renoving at | east a
portion of the conplex netal catalyst, and functionalizing the

pol yphenyl ene ether resin with a functionalizing agent conpriugust@003

al i phatic polycarboxylic acids and acid esters represented by the formul a
(RRONR(COOR')n (CONKNnR'')s wherein Ris a linear or branched chain,
saturated gl.i ' fae0 | '

sel ected f&ghepﬁﬁeehgrp&%m gg%{g%mﬁﬁggoa;n ?ﬁ%gﬁﬂgm%%gﬁ%ﬁ@aﬁm%yl , or
carbonyl dinetal eatalyst ¢ protioce Blpolyphbnylene wther eesih, RMoOvingnake éntly

;? 't féﬁqd|fé&t%“&t?\@@ﬁ%%%h tedyet, g fehchongiising, Bie o HpeBis %Sup
o oup of ST rESM: bty BN FREGRAIAG Yadng CBSARY phatic Bayeadoxtl
than or e%ﬁ?ﬁ?al sﬁﬂ'ﬁj ﬁs@w ?zﬁrb@eﬁl%ﬁh e fobhaR (WO%GF;?IOQJR%EVO?

and where al pha or beta to a cdrbonyl group and | east tvvc?
Rm gﬁﬁy'mgf %ﬁi &ﬁ@%;e@h&ﬁ i%{ﬂé@@&fﬁ?f@?ﬁ@%@%ﬁ%?ﬁ@%@?r?’liﬁsﬁ%aﬁ 5
fgas? oﬁfa%@?@' 0&%%@5&%%%&8 o%t?arﬁ%néf g%ﬁ%%éjd gﬁ:’(tarﬁytﬁe&ﬁ tgf
aci d. - and Cansistia GUhyAIo 0N B A kb itk A el SR S B S ' ©
Compr | 31 n bSAMaR Sames GAER . Bridena ety selgied fron e groBlpteiing
nonoval ent. phenol species using an oxygen containing gas and a cor’rR ex :

metal cat afystdrogemoodrcalkyl poapbigeoyp of from Ade 3Q6amon: alemE. Rpckk Rleast a

portion of the conplex netal catalyst and functionalizing the pol yphenyl ene
26 5 Augusin @08 is independently selected from the group consisting essentially of

hydrogen or an alkyl or aryl group of from 1 to 10 carbon atoms, m is equal to
1 and (n + s) is greater than or equal to 2; and n and s are each greater than

or equal or zero; and wherein (ORY is alpha or beta to a carbonyl group and

at least two carbonyl groups are separated by 2 to & carbon atoms and

- wherein RY, RE, RT and R cannot be aryl when the respective substituent

has less than 6 carbon atoms;

wherein the polycarboxylic acids and acid esters ‘ |

are at least one species selected from the group consisting of acetyl citrate,
mono-stearyl citrate, disteary! citrate, citric acid, malic acid, agaricic acid, and
the anhydrous and hydrated acids thereof.

32. A process to produce a functionalized polyphenylene ether resin, sald
process comprising 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, removing at least &
portion of the complex metal catalyst and functionalizing the polyphenylene
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ether resin wth a functionalizing agent conprising an acyl functi onal
group and at |east one species selected fromthe group consisting of
carboxylic acids, acid anhydrides, acid am des, acid ester§f\UBH‘~th?é’9?

am nes, ortho ester, hydroxyls and carboxylic acid amonium salts, prior
to at |l east one Isolation step for devolatilization of the reaction

sol vent; Washe resimevifh Q’uh_em’qélizinggagsﬁlnbomﬁﬁelhgl arcyb functional lgroup
foll owi ng chlorofornyl succinic anhydride, chlorethanoyl succinic
anhydri de, andi akleastieneasnpeiesaslacted amothaigroup consisting of carboxylic

aoryli o o Penest daaHERE, ably Aldes] BRC ot JREDaAes oM beldh °C o
rates, andngHRLGRS dh@eattidGAL R ammdnium salts, prior to at least one isolation

step for devolatilization of the reaction solvent;

wherein the functionalizing agent is at least one of . |

the following chloroformyl succinic anhydride, chlorethanoyl = succinic
anhydride, trimetallic anhydride acid chlaride, 1-acetoxy-acetyl-3,4-dibenzoic
acid anhydride, terephthalic acid chloride, acrylic acid chloride, methacyelic
acid chloride, epoxyalkyl chlorocyanurates, and cloroaryloxytriazines.
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