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BACKGROUND OF THE INVENTION

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
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an acid halide containing compound, such as trimeilitic 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
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The description that follows provides further details regarding various embodiments

of the invention.
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.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
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The PPE enployed in the present invention are known polymers conprising a
plurality of structural units of the fornula 3a 5 August 2003 WO 00/ 46274
PCTI US99129060 wherein each structural unit may be the sane mauglist begent,
and in each structural unit, each QL is independently hal ogen, primary or
secondary | ower alkyl (i.e., alkyl ~containing up to 7 carbon atons),
phenyl, hal oal kyl , am noal kyl, hydrocarbonoxy, or hal ohydro
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for QL. Most® §ften,” each QL is al kyl or phenyl, especially Cl-4 al kyl, and
each Q2 is hydgrogen. Both honopol ymer and copol yner PPE are included. The
preferred hono prsn)—af e those contai ning 2, 6-di et hyl -1, 4- phenyl ene
ether units. S Wl e copol yners include random copol yners contai ni ng such
units in conbiwatigan with (for exanple) 2,3,6-trinethyl-1,4-phenylene
ether units. Q& so i@l uded are PPE contai ning noieties prepared by
grafting vinyl nononers or polymers such as polystyrenes and el astoners,
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Q'. Most often, each Q' is alkyl or phenyl, especially C,4 alkyl, and each Q? is
hydrogen.

Both homopolymer and copolymer PPE are included. The preferred homopolymers
are those containing 2,6-dimethyl-1,4-phenylene ether units. Suitable copolymers
include random copolymers containing such units in combination with (for example)
2,3,6-trimethyl-1,4-phenylene ether units. Also included are PPE 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.,
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nmonoam nesopper-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). I[lustrative members include aliphatic amines, including aliphatic mono- and
di-amines, where the aliphatic group can be straight or branched chain hydrocarbon or
cycloahphatlc Preferred are aliphatic primary, secondary and temary monoamines
and tertiary diamines. Especially preferred are mono-, di- and tri(lower) alkyl amines,

the alkyl groups having from 1 to 6 carbon atoms. Typically, there can be used mono-
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and tertiary diamnes. Especially preferred are nono-, di- and tri (|l ower)
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salts suitable for the process are shown
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 1500 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



in the Hay patents. These salts include, for exanple, cuprous chloride,
cuprous brom de, cuprous sulfate, cuprous azide, cuprous tetram ne
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into the PPE through equilibration reactions. The ‘equili 0 ctions
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coupling is
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.
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conveni en increased by at least 20%, with increases of 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.
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Wien t heseSORtieR: 1B SORRSE-2BHMR BRiplystbeppiEey poiseredrandSuithwri axidativh @oes not
copper - am pg | Wik ' her oxidation does, not take
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those chethelating aggeustisattabadisclogeddn 48 oReoNG.MB,83 83 02RBlenndWoet 28).838, 102
(Bennett et al.). The useful chelating agents include pol yfunctional

car boxyli cgci d nt,aini ng caonmpounds such as, for exanple, sodium

pot assi um ?@?’ tlfsﬁﬁ"g, C*h‘%‘{&ﬂﬁg 6"5?@50‘8?{&36 aE‘%{HHmFRﬂ*)ﬂ)‘  cabelie add dcongigisene and
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pol ycar box&l c_acids, am nopol ycar’boxyl I ¢ acids, am nocarboxylic acids,

ani nopol yc@¥bbkysiite asiddglycns aet gstrsiajlyi prefwably, thepobijicbe obeyted cfr@ai ds and

their al kal i Lhe tal or..m xed.al kali nmetal- alkaline
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di et hyl enet ri anj nepent aacetic. acid and their salts. Especially preferred

are et hyl lYrEEPRXYdE aeids 3pd their alicaliymegfal, 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 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
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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
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(e.qg., soyglﬁ@?)%gjébg?_t ung oil, linseed oil, sesame oil), acrylate ortho

esters and ate ortho esters, unsaturated carboxylic acids such as
acrylic, crotonic, nethacrylic acid and ol eic acid, unsaturated al cohols
such as al Ngh-poitmeril aliphntic cpalyakbayliohatidangreunsat Wisafuedf@d fRgmrpEch as
allylam ne_and trijal kyl a ine salts of unsaturated acids such as
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such typic 8981 r Al i j |ized PPE are

Gocor | bou PolyERBABHCCIE o %@f@%@g?&%%g% R s 507 and 5. 247
006. Non-pol yreric alhphatic pR)ycarboxyIic acids are al so useful for
preparing (R'OMRICEIREEONRER Dncl uded in the group of species, are, for
exanple, the aliphatic polycarboxylic acids, and acid esters represented

by the Torgylain R is a linear or branched chain, saturated aliphatic hydrocarbon of from 2 to
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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citric aci gl raﬁ%i c acid, and agarl cic acid; I udi ng e va
cormmer ci al NPosl b 480 8365.566ch8B5286 and BROMEI%E, the anhydrous and hydr at ed
acids. Illustrative acid esters useful herein include, for 11 5 August 2003
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acid am de; N-tqhewl citric acid am de; N-dodecyl citriC acid anide,
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4, 755, 566, nd 5,000,.897. O her. useful functionalizing agents
useful in% ég%tﬁ%'gc’ gs,sﬁ%?‘“‘tch% YR FB’HQFIBF anhydride acid chloride, 1-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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preparing functionalized PPE include conmpounds containing an acyl
functional group and at |east one species of the group consisting of
carboxylic acids, acid anhydrides, acid esters, acid am de8 AugnstRO63
am nes, ortho esters, hydroxyls and carboxylic acid amonium salts.
Non-limting exanples include chloroformyl succinic anhydride,
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Pressures Rl&lcg'gn% 1tzin35 to 50 bar are desirable with solution =~
_ g agent 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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tenperatures increased to at |east 200C, preferably of at |east 230C. A
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i h some ing@%ﬁ,@g@ﬂ%?ﬁﬁ%f@}@de& é{}i%lﬂgli‘ YRESSEM tedsuallyt lapgershpmitheon i s
pr ef er abl eotheorm fabditar eftert f1dhatro0dt GRITRE bE hSRERHEPHARE ROLadiCTRYEd 1O

the sane degree as with Ereci pitation. Likew se, isolatio ylel"ds are
extrenel y ShtdisarwrilaBler frginaienioust masufadiuesre inclotinggthe safbegusintienedhovever

that the Cwe@diﬂéﬁnéﬁ% cbe conpleted in the prior process steps as any
catal yst remaintng-in solution will necessarily be isolated in the PPE. 13

5 August 2003 WO 00/46274 PCT/ US99/ 29060 Devol atilizing extruders and
processes Hy éhak rmoegtiden of Hbe aptesentdirtvpii@nl the iprahehté@ BonceMirited CIBWRXt r uder

equi pped V‘é.otnPaiﬁrHl t{;h g? ent'% gB’?‘Eeéh‘i?O s faqr. solvent renoval. The

|
devol ati | iZIng ext %d o vplahhiziag, extedar tand nmmotainel ey pes of

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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el enents adapted for such operations as sinple feeding, devolatilization
and liquid seal formation. These el enents include forward-flighted screw
el enents designed for sinple transport, and reverse-flight 8dugesteiR03nd
cylindrical elenments to provide intensive mxing and/or create a seal.

Parti cul ar | wolsefssdsa are counterrotating, non- internmeshing tﬁ&:‘?m%@s‘tﬁ%o
extruders, in which one screwis usually longer than the other to

facilitate efofi cient flow throu h0 the die of the material being extruded.
Such equi pHemt moge Ri{enabiy ever Hrevand mest prefertblyt ovenr29%,nbdsed iupgn tthe

af orenent i i LSt ) : ct.ice of the present

i nventi on, qt}ﬁ(gmf)r e%‘gg%égg%&r}%gﬁtuﬁg#ed(}ﬁs%% §¥1?%iv£%0§3{'%ﬁ'ni ng the PPE is fed
into the devolatilizing extruder and maintained at a tenperature |ess than
about 300C Whaem ysingf er déxofatilizasorn fearuddrofisr 2heb GtaMiidomtionr 66 Ske @swi NVE he

vacuum vent, of . | ess t about 1 bar. The exact tenperature will depend in
oo par t TR AP oS PR iosB S et e eb dres SR b eadarygter of

associ at ed witkd dek@ollng\r difhliflof HfdaHhIDARE!ZHIGLRESAL LAlREpdded at
I he | h er th goo

various |ocations ‘along the length of the extru results. The
resul t ant ssligtangaveevrdccemalpe ekarlsbpresumatdycdit t® thedswt imain adeagh 4200 ppm

referably.less than about 6 ] npst eferably | ess than, about
300 ppm - AdaRer o PR S Il V- BPE: niaven bR i hecsl pelliekcn
devol ati | i zédhgliquss odelesverBeme ttheseediffiQumly M@l teehslqRls FRERCH.a48d i n

the process. For exanple, a PPE yield of over 99% was obtained even for
PPE havi ng Pgligtizatipn,\including erderyaten pelirsizatiere and fflakinigo declinir@Bangle strandabout

of i m v PEFATOM UnbgS REF BN L o BERRG ol BB ssPat i Fidptuane” V'

conpri si ng palieteanbiatspetialipguieatiig.uder affords a nethod to prepare
functionalized |ow nolecular weight polyphenylene ether resin, typically

within the_.ntrjnsi | scqsit range of about 0.08 dl/g to about 0.25

di/g, in a“@lFéPhe%‘fdc B{\%,pe Exf%cgfb%%@g‘gb‘ﬁvgd%ﬂl%s stapdayd 4r teaBingledig/ 46274

PCT/ US99/ 29@Gffugal 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 combina&ions
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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95% nore preferably over 98% and nost preferably over 99% based upon the
anount of nonoval ent phenol utilized in the oxidative coupling. Wen using
a devolatilization extruder for the total isolation of the $déwgush2003
functionalized PPE as previous described, it was found that traditional
under wat er r spray cooling of strands of extrudate f d b
choppi ng th‘g{)g%\%gat e into pellets gave unacceptabl e resul ?&%&@é@ﬂé‘m y
due to the |ow nelt strentgth and inherent brittle nature of low I.V. PPE
It was fouRelYEthermidrse functionalized polyeledns, nobishifbrase polyathersufonasrand lies e
difficultigg. Useful techniques include die-face pelletization, including
underwat er pelletization and flaking, declining angle strand pelletization
usi ng water spraying, and vibration drop pelletization w th underwater
pel | eti zat Abpatesfsedied! Hyyrefendnicalatedncoberated|Hessin bdrd?Renge! | et s can be dri ed
usi ng techniques standard in the art including centrifugal dryers, batch
i ke. Determination of an

or continugus. oven dryers.,. flui.d bed and the |

appr opri aftjl(é)'l P %‘Ft @b"ﬁar‘s{?‘#%é‘l E:}Erflrbg’?l} ke Beitsr %’éﬁt & PRaRdee ty iayrtion. theki || in
the art wifollowingdueplesepe haB By O ilhiraiéh A4 R BIALAMERITR ot el ¥
isolating the functionalized PPE, One or nore resihns y be added to the

devol atilized functionalized PPE in the sane process. The one or nore
resins ma into the devolatilizing extruder although additional
extruders may al so be used. Possible variations include nelt feeding the
one or oI lyh&Stdten Kaeiidf1e devol atilizing extruder or nelt feeding the
functionalTze romtne devolatilizing extruder into a second
conmpoundi ng extruder as well as conbinations of these. Accordingly, in one
enmbodi mentA fypieaniaboraspiy rzectionl resipe sl madtondedditipnd fre indicsie@ 5&low: t hout
conplete isolation of the functionalized PPE. The one or nore resins can

bl cnds. - Sueh adis AL ek RoR R BoepanEPy SR 048 & BERwESuY prmce <

bl ends. Such additives inc e’inp

ret ar dant sind 10i9g@fids-n-oylemaing tn 100 il OF Solusrel NFHYY Gkd19st 30 §9bFerr SRIPN
fibers and fibrils, and the |like. Preferred resins include polyam des,

pol yest er 1€ BErgHFiEA &inss sactar ge4ppesbvis an bnseraeleeoling csil Angirdet 12B@3for
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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WO 00/ 46274 PCTI US99/ 29060 pol yet heri m des, functionalized pol yol efi ns,

pol ysul f ones, pol yet hersul fones, and the Ilike. Al patents cited by
reference are incorporated herein by reference. In order th&AUgHSAP03K || ed
inthe art will be better able to practice the invention, the follow ng
exanpl es ar i by way of illustration and not by way of L|im [.on.
Exanpl es P@I(g#'r%‘r%%fati on Reaction: A typical |aboratory reacFFg}ﬁ&%@g%’e and
reaction conditions are indicated bel ow. The catal yst solution can be
prepared by sti i¥iheyelp te cepditions \4se dersa datomatdry sealel reaetion ghey indigemerilut y|

amne in 1 t st 15 transferred to a one liter
stirred gl gg%ggrbéegfé gghggéaﬁg%lpg%%%ﬁ?%%‘lé%egn?uzrlﬁ'a?&gg"gfq'ﬁge%BP‘F’e%FnH'IQ’ﬂ‘I’tet
tubes for uatwgamdansy oaesMRillinthdani d stream of oxygen is introduced near
the bottom of the reactor and a solution of 70 g of 2,6-xylenol in 100 m
of toluene_is added.through a netering punp, over a period of fifteen

m nutes, t < 1.y stirred solution. The tenperature is naintained
initially at about 40C to about 45C/ 48C towards the end of the run by
circul at | naypRkeEoddifisafcf O ebfierdifiMREAknd! £ Rlldhd NIBPENEEARE NG
coil. Mol ecular weight build is continuously nonitored with a typi cal
reaction tsotatierois prehregted to avempdratatroeftat 1638t 2407 Cha pres@ase of na.t40ebag) Ths
reactor vessel., th opper cat al yst conpl ex by .the additjon of a
conpl exant Scfﬁlnli‘g‘ Bi tfz’}‘sﬁfcgfor {Oévcgrtef at Rir 4§ Sﬁlragg Ee%l‘%ﬁﬁ’é‘ie“b@ﬁ?ﬂ lesstng
agent i n oxglek 6510, TAk BRI do%ifs lvel B defiabROiseRYScd UL RNRRE8 to Wttotal
equilibration tinme was approxi matelg 70 m nutes and the tenperature was
appr oxi mat Bplptigs equipmentchatavywd hwes beeormaeastt withott precuncedfitugaini ofypiceé 5

August 200§0n\99.0%9/agé6t%7!ﬁat§ Ilg§9_9/ 29060 Al t hough the conditions are for a
| abor at ory SCale reacPl on tﬁey'l n gener al
' 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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scal eabl e to comercial processes carried out in conmercial equipnent

w t hout undue burden by one of skill in the art. Preconcentration: Typi cal
conditions for a commercial scale are as follows, The PPE cbriugusti29g3
solution is preheated to a tenperature of at |east 240C a pressure of ca.
40 bar. Thewosokearaon is flashed to low pressure in a flash vpssgl E
solids content of at |east about 65 % The high solids level 1s 3gg?urlggbl e
to reduce f\rﬂﬁi«é&{dﬁ@f‘% 'érR%GTEE the total isolation equipnent that would
have been present w hout preconcentration. Typical conditions are

tabul ated below. P before the flash vessel:40 bar T before the flash
vessel : 245 Scréw@paeedrplig to the T1a T -8 T after the
flash vesglel 114% 126C Total isolati cf#n‘?‘%gﬁ?%or}og?'i an ef erably
carried oyt in a devollatilizing extryder. The preferfred deyolatilizing
extruder ifs a co-rot afi¥4f-©cldeningcr ew|ext ruder with a backfed capability.
Mul tiple devolatilizing venting sectijons are preferrled to hi eve | ow

f f conpari son

vol atil es L = ctiomatTzaton——aft—bxtryede

pur poses, &ﬁg ei%nfgbﬂggr 2 g)gcri bed bel GFOBS used for [t38 fUnctional i zi ng
PPE powden (1V=0,32 dl/qg). Extruder §ype, characterilstics gnd settings: 17
5 August jdﬂﬁm\iﬂ 00/ 462&4niivl ni - ext r udgon®nl sm 16TSE| 3ggTew |t ypeTwi n

Tenper at ufle nose: 290 sel f- cl eaning Bcrew | engt h25Dfone 1: 484
Speed 300 rpm Zone 3: 240
Vacuum not used Feeder: 130

Torque=60% (14 Nm).

Each of the functionalizing. agents below was mixed with PPE at a loading of 2

weight percent based on the v&eight 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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D anmeter 16 nmZone 2: 302 Speed300 rpn¥one 3: 240 Vacuumot usedFeeder: 130
Torque=60% (14 Nm . PCTI US99/29060 Each of the functionalizing agents bel ow
was nmixed with PPE at a |oading of 2 weight percent based &ughet 2iBght of
the PPE. a) Fumaric Acid (FA), powder (M=l 16, np=300 C). b) Mleic

Anhydri de (WB)ooaga74! ed pellets (M=98, np=55 C, by=200 C). C}C%gg&éo

nmet hacrylate (GVA), liquid (M=142, bp=189 C). The extruded sanples Wwere
dried for 8 hours at 90 .C/50Q0 miHg_ Purification: 10 g of PPE-grafted sanple
was dissolyed in 75 m of PPBl uene aRPE-geiA pr cBRE-gaMAd | NPPE-g- of het hanol
for FA and|MA, filtrated|and washed with portilons of nethanol. For

acetone wa$ used instead| of nethanol . Sanples were dried f MA hourls at 90
C150 nmmHg Results graftipg: 18 5 August 20033 WD 00/ 462[74 PCT/ Us99/ 29060
PPEPPE- g- FARPRE= - MAPPE- g} ‘diddddddrpe lepgicinded T A A5apy T poxy|] |V
(dl/g)0.390. 380.370.39 grafting (eq/e[)é) -@638022({!{3\%& [Epoky

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%
Aﬁer precipitation: 80 peq apid/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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Conversion (% --18.639.215.6 Cal cul ations grafting: a. PPE-g-FA neasured by
acid titration with sodi unethoxide. Start: 2 w%FA = 172 nol FA/g = 345
eq acid/ g After extrusion: 146 eq acid/g = 73 nol FA/ g - 0. 83ugusth2088t er
precipitation: 63 eq acid/g = 32 nol FA/g = 0.37 w% Conversion: 32/172 X
100% = 18. 60 %I ng b. PPE-g-MA neasured by acid titration with

sodi unet hOXI 0/46 Yart: 2 w% MA = 204 nol FA/ g = 204 eq aci ®XF/US99/29060
extrusion: 144 eq acid/g = 144 mL MW g = 1.41 Mm% After precipitation; 80

eq aci d/ g =Staf: 1wt NIV 1@1L&MA%BY¢I BePlhox3R 204 x 100% = 39. 2%
grafting c. PPE-g-GVA rreasured by FTI'R on epoxy oup 19 5 August 2003 WO
00/ 46274 Start: 2 wt% GVA - 141 nol GVWA/ g = 141 eq epoxy/ g After extrusion:

0.97 W % ep‘“bﬁ&r/egtmswwo %M’f%\mbgyfg =68 w0 Pdiy/b e 69idgesporyter acti on: 0. 31
wt % epoxy/ g W22 nol = 22 eq epoxy/g Conversion: 22/141 x 100% =

15. 6% graft t| RAali za i, on_PCT/ U599/ 29060 To
i|lustrat e'*fﬂeg {)E(ﬁ g’fl ‘19‘/6‘8189’%?% ?% Oi&%@@ HPA FRAOYE on sol ution, a
20 wei ght percent PPE solution in toluene containing 5.5 weight percent of

functi onal iConnersinged2/ 148 100%ged5604 frafting! 0gen and heated at about 240C
with agitati on for about 30 m nutes. The reaction solvent was renoved by

devol atili 4 The tproce Lfl’e for functionality nmeasurenent including
extraction il was followed as in the extruder grafting
part. Grafting efficiency for nmaleic anhydride was 67.2% and fumaric acid
87.1% As can 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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be seen by these illustrative data, higher grafting efficiently |levels were
unexpected obtained with the process of the present invention as conpared
to PPE functionalization of the prior art. These and ot her 5éwgusli200at s
shoul d be apparent fromthe disclosure contained herein. 20 5 August 2003
CLAI MS: What is clained: 1. A process to produce a functionalized

pol yphenyl gpanpi:her resin, said process conprising oxidative coupling in a
reaction solution at |east one nonoval ent phenol species using an oxygen
containing gas and a conplex netal catalyst to produce a pol yphenyl ene

et her resi NYhatdsolgim@dat | east a portion of the conplex netal catalyst;
and functionalizing the pol yphenyl ene ether resin during at |east one

i solation gtep,for devolatilj zat] ' I in] B@igdr ocess
of claim 1§\7\hefbpﬁ°qer§ JPuhlt:Q[diué%ﬁ ?@%@foontﬁhg?d ? ﬁgpggmlgﬁgn??gﬁéasgt %rcpr esin
is at | easgrmsgl ¥ofphking) oRidatios hequplingsin Borezmtionnsolution tateleast one

pol yphenyl ene ether resin reaction solution. 3. The roces f 4ﬁ?‘ I

wher ei n t hewanavélerdrphenal SPeRIES: USIRG %mewm&%r 6%% ﬁB % | east
partly done, | laat Lzl . iAC eSMovingcakianst avherein
the functi g'?é\‘?\ g%{é?%sg tgfblltoh‘ébg%f %Ng#%ﬁ lr?gé ee%ﬁ_ﬁﬁ‘qsi n corrgri ses al |l owi ng
t he pol ypheawicmef ¢ideompiex metal catatystvand functipnalizing tae ipalyrhenyiene havi ng

both (1) a carbon-carbon double bond or r hon-.cat t Lol and
(ii) at | esgtherggsinsgingat @ﬁS{ fae éﬁ"g@ﬁ’fb%ﬁ?ﬁg{ Bﬁgolgﬁ‘iﬁﬁﬁpbéféﬁ%?%%@ds,
acid anhydr'h%gﬁt acid esters, acid amdes, imdes, amnes, ortho esters,
hydr oxyl s S cdarboxylic acid ammonium salts. 5. The process of claim4

wherein the functionalizing agent is at |east one species of the gnroup
consi sti ng2of Tiwe pracessioftiaite] wheveinitbe fsndlionglization of the po yphenyiene

ether 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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phenyl mal ei m de, 1, 4- phenyl ene- bi s- nmet hyl ene- al pha, al pha' - bi snmal ei m de,

mal ei ¢ hydrazi de, nethyl nadi c anhydride, fatty oils, acrylate ortho esters,
met hacryl ate ortho esters, unsaturated carboxylic acids, unsSaiuguat2i3

al cohols, wunsaturated am nes, and trialkyl am ne salts of unsaturated
acids. 21 5 August 2003 6. The process of cl.aim4 wherein the

functional igi ”Q’(;@ﬁf&‘,eﬁs.% d?'tclézﬁﬂ%urllﬁé(]@m Mne&oﬁlamm&ggéﬂﬂspaﬂ@aét gheng of

mal ef i c anhydrl Itaconic a aconitic an , fumaric acid,
and deri vatspeeies fofr thef graup Tonsjstingeof malel anhydndﬁertamnlc hanhydride,

functionalization of th ol yphenyl en th Ln.conprises allowng the
pol yphenyl é‘??@nglqﬁ'?ohwﬁgﬁn "BXE'%QE 5#‘9&"3&‘{%@ B8Rl i zi ng agent conpri sing
al i phatic pol ycarboxylic acids, and acid esters represented by the fornula

(R O nmR( COgR' Wh@g}&eﬁ\BﬂcI%"lﬁwﬁbr&n ih% fﬁnbﬂld?ﬁﬁﬁaﬁﬁn Bf macﬁagipﬁéwene

saturated aliphatic hydrocarbon of from2 car bon atons;
sel ect ed f rafshert resin roompnsansallmmg toe nmmyleneretaar resinyto, reactywﬂhaayl

ol oot ed | ot Rel ackahcemprghd? AL, pBBRMdRIF LasibS; ea?ﬁ#“%ed’@roup
of from1l teRteld reprdstnted dystheclopmul { R‘]Q},EH cooR"%(d:mn#&RU n.t.rhure:ﬁﬂ ect ed

fromthe group consistin ssentlall drogen or an al k%’ or ar
group of fi®mineasordraae chalanﬁatmfaﬁeg @@haticmdroc‘@mmﬁ 08) eater

and wher ef Aaukaome? B I8, lged o P g S*#@SPM"%@W ?25 two

carbonyl getkyhsa aracw,@%@:bedy!bdﬁoiytg@o@ ofin o Gatansoreadm esehnRiRis R,
Ch bon o ordongent saded i 1 o s ind Gk e of i ki of " ©
carbon ato [

ol ycar box [ Sa t 1} rou
(F:)ongi sti ngé(‘;* Cgm ??Q:f fgégfﬁd“ ¥ %b ﬁﬁ%@l J?Jﬁ]faerdlcgﬁg aﬁddRpgﬁd%ﬁgéanﬁﬁﬂdyrgousp

and hydr at edlegbadj&onhmaagfoumcoﬁs:emg esm'etuaﬁy dlbgdmgem\beaalaikylrm‘ aryl

functional i zati o hen | ene .ether, re onpLi.Ses ng the
pol yphenyl QF@Jpe? ‘LEI? aBt I'W't"ﬂ ig gqual to Tahd {5 +'s)is 9"936} r thn

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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| east one functionalizing agent containing an acyl functional group and at
| east one species of the group consisting of carboxylic acids, acid
anhydrides, acid amdes, imdes, am nes, ortho esters, hydPdkydust 2008
carboxylic acid amoniumsalts. 10. The process of claim9 wherein the
functionalizing agent is at |east one of the follow ng chl orofornyl

succi ni ¢ "ardnyende, trhentiodnnyande sdie dhonde, 21?—aéet@!x?&we?awénzb’ i¢ de,

trimellitic anhydride acid chloride, 1- acet oxy- acet di benzoic acid

anhydri de, acidh ephbydifdes 4erephihalic @cichr aeid, ry:lei.camis @Aeidr chleride,

chl or oaryi SRnPefl oot , P RERGE] . o bEHARAT n ShBpeyPlipten,  and

devol ati | i 2hldres @(}@m ished at least in part with a devolatilization
extruder. 12. The process of claiml wherein the m)noval ent phenol species

conprises 2,6-dinethyi phenol 13. The ;t)rocess of claiml wherein the
funct i onal i13ed i Pasess,ofeFlaimhavherein the Weyolailization issaccamplishad 8t wi ¢ hi n

t he range O dl fg as neasured in chloroform
at 250C%J 1%%??@%?%@@2@ﬁégglglhg?%ﬁ%%wxﬁtre@ee?n thegf unctional i zed

pol yphenyl ene ether resin has an intrinsic viscosity within the range of
about 0.081d| Thetproedssibf clfini @ whérRirathenmanovaldnt pherdl spetizscompses  15.

The procesg of. cl I erein the devolatilization is acconplished at
least in p Mwetﬁyﬁh&eo latilization extruder and an underwat er

pelletizer. 16. A process to produce a conpatibilized blend of a

pol yphenyl ¢seTWeh6foce%§Sdfrb!§m‘i‘ ﬁWHe?ﬁﬁtthgnﬁn%@lﬁllzaﬁl_Mﬂ?ﬁhér@ﬂéﬁb iR
process conprising mxing: i. functional i zed ? eni/l ene ether resin

made by a mmnchasCanpntr@smwseaszmmm thaupange, of rabau idi/g ‘ooaboiton at
| east one W@Qggh&@gg& in ErﬂSFdeﬁn‘é?h?:gc?‘“ oxygen contai ning gas and a

conpl ex ne

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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produce a pol yphenyl ene ether resin; and functionalizing the pol yphenyl ene
ether resin during at | east one isolation step for the devolatilization of
the reaction solvent, with ii. the |east one other polynerSrfegist 2083t he
functionalized pol yphenyl ene ether resin withoeut isolation of the
functional i zed pol yphenyl ene ether resin. 23 5 August 2003 17. The process

%y G es Toar TS " pbASeSR e 60 DRt B, ABRGHARAGRC ot R oo

pol ypheny!| qulyshdrlene ssther aasini @n atoleast partlyl Honbhen ki ofeshs ppbecesdaita 16

wherein the func iz t|on f the polyphenylene ether resin is at |east
partly don&Gnge %@&/ QWPQ@ @etﬂm&sﬁz@am@ tiaress of clai m 16,

wherein the devolatilization is acconplished at Ieast in part with a

devofatilizgi opf}-,eengd&gg, A0- c!% P O%ﬁaﬁ ; aggﬂh&@ﬁq]géﬁérp LPe ghgast

one ot her pol yner sin 1s at east par
devol ati | i paiyphenyleneether resin isTatlepstpartly dohe éh aidevbatilizimgréxtiuder/el t
feeding the functionalized PPE into a conpoundi ng extruder. 22. The

parciai 1y, A80o0eSTORESE B el ote qiere e covpiaiRnlior e aecamakshed.a 16

wher ei n thl%amin/P‘Eft Witsa devBiatilizatRiséxiAiferr €Sin  sel ected fromthe group
consi sting of po yam des, polyesters, pol yaryl ene sulfides,

pol ycar bonﬁh et herl m des, funct ionalized pol%gl efms, pol ysul fones,
and’ pol yet rs'ﬁ cPﬁ cessaf claia 16 whersin dhe deast enesothae polymartresin is at
funct| onal joz atda% t sin conprises allow ng the
pol yphenyl ene& g?ﬁ'ﬂyr esi gtﬂ?hﬁﬁ%g@gélhﬁi%w% g&ﬁ%{@f. onal i zi ng agent havi ng
both (1) a carbon-carbon double bond or a carbon-carbon triple bond and

(ii) at |ed%t Bhe pspmseef daimHé cgrmpmsmgmmdt fdeding the functionatizee RPEdS,
2010 anhy Gk g o hay Liuadfl doo M nes

22. 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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ortho esters, hydroxyls and carboxylic acid ammonium salts. 25. The process
of claim 16 wherein the nonoval ent phenol species conprises

2, 6-di met hyl phenol . 24 5 August 2003 26. A process to produgéugust2003
functionaiized pol yphenyl ene ether resin, said process conprising

oxi dative coupling in a reaction solution at | east one nonoval ent phenol

speci es USIZEl ap BIERS tBOHGRLES W sHAORANEH BOVPHEHYINB Shef Hhy Shid O

produce a pol yphenyl ene e resin;, renoving a a portron
conpl ex netRIPCESS Loypprising doxXidative coapling rig 2 reaptibry Eolutjdrerat leashener esi n
prior to at_| east | ation step for devolatiljzation of, the reaction

one is
sol vent . 21‘.‘0&%‘@%?'38@@@0 ofPRAIES NEbY AR PYERnGMABING 985 1andh 8 EIMBIeX; he

reaction ' kﬁﬂﬂcep r I@ﬁ@e' (R AT r. 28.
The pr ocesssiﬁ%tﬁ?%élliﬁtgfg erel nét'#elyeun tlﬁoﬂgﬁggﬁ%ﬂ Hgl{ﬁcﬂ%@@ agﬁ%gﬁgnw ene
et her resi portorpof dhe tconpléx asétal eatalyst; and tfhactioratizingntheopolyphenyléfe The
process of ¢laim26 wherein the functionalizing agent is at_ |east one

. speci es s@%é?ftr@&"\‘ PTRR tPfﬂﬂ%"l‘%tﬁS‘%‘ﬁﬂ'@?‘?ﬂ iSRpP %ﬁr W%Et zakon af thereactinar i ¢
acid, nmal ghefies. N-phenyl | mal ei mde, 1,4-phenyiene-bis-nethylene-alph'-

bi smal ei m de, mal ei ¢ hydrazi de, nethyl nadic anhydride, fatty oils, acrylate

ortho ester, nethacrylate ortho esters, unsaturated carboxylic acids,
unsat ur at ed7al Jéopsgcasssaf waime26awharein theddevolatiizatioanoh dhe xeastion

unsaturate LAs. T r (o) )\ 26 ein the functionalizing
agent is agOI?éQ€% %ﬁgmﬁ;}@‘ﬂﬁggﬁgiﬁéc‘{%@@p'gﬁﬁh up consisting of nmaleic
anhydri de, Itaconic anhydride, aconitic anhydride, fumaric acid, and
derivati vea81 hgheofproSdss Aobr clafms 260 wherbise the f yosdtiomatibatiey of the

pol yphenyl ene ether resin, said rocess conprising oxidative coupling in a
reaction seplyphenyianeethen regi{bnsgg}%r to a flash removal of the reaction solutian,
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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5 August 2003 nonoval ent phenol species using an oxygen 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 funcbihrogastiZdO8g t he
pol yphenyl ene ether resin with a functionalizing agent conprising

al i phatic polycarboxylic acids and acid esters represented by the formul a

Rl O mR(* , . . . : X pedlostn
gat ua at (ed éﬂ%ﬂ%@%ﬁ géé?ib@gﬁkg'wtarﬁ o?r?%do go L"éﬁgﬁbatons%? RI ilik

sel ect ed fmetaltdutalystto prodose & polyphényipre wfher tesinnrethaying alr lgast&cyl, or
carbonyl dloxy group of 9 to 1]10 car bon ne;. ea]ch Rﬁwi S wﬂ?'l%pe dently '
sel ect ed fROWPRHRS Heccpmpisnsmeta r@mmt-mﬁWO%'ZM P& PP A oup

f f I t i ? N S d
rom the drBeh 1ESRoRR: AitiofARihg esht Sofprishg pRANE Gl cerbbhytic ©

Dhonp 7 (AGHR | BAg! Geid Beferd! Fefresthiell Wl dhe: ForrhulN (R'0)RECOOR Y eat er

gggnv\ﬁrer:i N Sanfl Raan -Ee?re each eaté{er t?@p org:qu?l i'or ze[%
ooy SRS bl B Ik SRR Aol e
cu bon st HBSasch b o o T Bk "W R it Sip
gging- s; ﬁgr‘iﬂ“:iﬁtgfﬁ@%?!é%sﬂgﬁé?ry?’; r@’kyiaﬁwﬂa&yﬁ rqr&a&%@'%ﬂ ‘:Lrﬁ%f g %‘Lﬂ § a gri cic
produce a ?dj%ﬁbpﬁrépﬂkse&aﬁﬁ%%%éﬁ@é@@g@ﬁ}rd&%cfﬁg%é‘%ogég ﬁo%@%gﬁlnb

conprising oxidative coupling in a reaction solution at |east one
monoval entofityeiogers pecirealkykongrugray g froovittai 30 aarbeasatems: £acth il ex
nmetal catalyst to produce a pol yphenyl ene ether resin, renoving at | east a

porti on ofarid R QERhEpERicHtyC deiRbice 1raR teiigroupansisting essentially pifeny| ene

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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5 August 2003 ether resin wth a functionalizing agent conprising an acyl
functional group and at |east one species selected fromthe group

consi sting of carboxylic acids, acid anhydrides, acid ani de§UgHgtiZ908st er s,
i m des, am nes, ortho ester, hydr oxyl s and car boxyl ic acid amoni um salts,
prior to at | east one Isol ati on step for devolatilization of the reaction

sol vent; Wgeigr fesimevifHa I%h%élkﬁﬂ@agﬂ@boxﬂfnﬁhgl smsatcypnmctifonat lgzoup

foll owi ng chl orofornyl succinic anhydrid | or et hanoyl, succinic
anhydri de, andi ableastieneaspgaiesdeslected fremothey sroup consnstmg of carboxylic

acryli o acPaoeyoR duvalERRnegid ffidus PG ol iR ADkR oM Selch °C, an

rates, andhghRIGRS ¥h@eutd3AE T 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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