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BACKGROUND OF THE INVENTION
l. Field of the Invention

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

the addition of an added redistribution catalyst or promoter.

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

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

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

flow.

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

the resins. This lack of compatibility often manifests itself as delamination and/or
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endgroups that can readily undergo reaction with another resin containing a wide
variety of possible reactive moieties. Polymers like PPE contain primarily phenolic
endgroups and are in general not sufficiently reactive to result in the aforementioned

reaction products in commercially feasible processes.

It should be apparent that methods and processes to introduce functionality into PPE
are highly sought after. Redistribution, also known as equilibration, of phenolic
compounds containing at least one functional moiety has been shown to afford PPE
having desirable functionality. In the redistribution reaction of PPE with phenolic
compounds, the PPE are usually split into shorter units with the phenolic compound

incorporated in the PPE.

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

80°C, the redistributed PPE is isolated.

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

would be extremely advantageous.

SUMMARY OF THE INVENTION
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resin in the reaction solution of step i without the addition of an added redistribution catalyst,
wherein the level of backward dimer in step i is increased by one or more of the following:
a. increasing the ratio of the monovalent phenol species to reaction solution;
increasing the addition rate of monovalent phenol species to the reaction
solution; .
c. increasing in the temperature of the reaction solution during the oxidative
coupling;
d. decreasing the percentage of oxygen in the reaction solution during the oxidative
coupling; and

e. using an amine-copper catalyst and increasing the ratio of amine to copper.
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The needs di scussed above have been generally satisfied by the discovery of
a process for preparing a functionalized PPE through redistsAbgdstooomvi th a
phenolic conpound prior to isolation of the PPE fromthe oxidative
coupling reaction m xture and without the addition of a catalyst or a
pronoter. The oxidative coupling reaction conditions can be adjusted to
afford sufficient in situ catalyst for the redistribution reaction.
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portion of which have substitution in at least the two ortho positions and hydrogen or

halogen in the para position, to produce a PPE having an intrinsic viscosity of greater

than about 0.16 dl/g as measured in chloroform at 25°C using an oxygen containing

gas and a complex metal-amine catalyst, preferably a copper (I)-amine catalyst, as the

oxidizing agent, redistributing at least one additional phenotl species to produce a PPE

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

and extracting at least a portion of the metal catalyst as a metal-organic acid salt with

an aqueous containing solution, and isolating the PPE through devolatilization of the

reaction solvent. In one embodiment, the additional phenol species comprises a

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

is equilibrated into the PPE without additional initiator.

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

plurality of structural units of the formula

3a
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alohydrocarbonoxy wherein at least two carbon atoms separate the halogen and

oxygen atoms; and each Q° is independently hydrogen, halogen, primary or secondary

lower alkyl, phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for
i .

Q. Most often, each Q' is alkyl or phenyl, especially Cy4 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 poljstyrenes and
elastomers, as well as coupled PPE in which coupling agents such as low molecular
weight polycarbonates, quinones, heterocycles and formals undergo reaction in
known manner with the hydroxy groups of two poly(phenylene ether)'ct;ains to
produce a higher molecular weight polymer, provided a substantial proportion of free

OH groups remains.

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

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

4
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moles of phenolic monomer. These catalyst materials are described in U.S. Pat. No.

3,733,299 (Cooper et al.). Tetraalkylammonium salts may also be employed as
promoters if desired. These promoters are disclosed in U.S. Pat. No. 3,988,297
(Bennett et al.).

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



It will be apparent to those skilled in the art fromthe foregoing that the
PPE' contenplated in the present invention include all those presently
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such as N,N,N'N"-tetramethylbutanediamine can be used, down to as low as about 0.2

mole per 100 moles of phenol.

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

amount providing from about 0.2 to about 15 moles per 100 moles of the monovalent
phenol.
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and tertiary am nes may be used. A preferred nono alkyl amne is n-butyl
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trialkyl amne is triethylamne. A preferred cyclic tertiary amne is
pyridi ne. The concentration of primary and secondary amne in the reaction
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cupric t oldﬂﬁfl%, coupling of 2,6-dimethyiphenol and is a preferred catalyst.  Other
diphenylquinones may also be present depending on the phenolic species being

oxidatively coupled.

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

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

in a number of other unexpected factors that affect the formation of backward dimer.
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of fire obxi@¥tie0sbiNingNad BEoWRAGREnt R§O§ f(glrt he Breparation and use
of sui tab?)éI cﬂg‘;per%mgnae cat al yg{es e?saélen V) ‘ég Pal’. "Rio"*ad! bg 44 5°YCooper

et al.). Phenoke iqexieenceiofalseadsno grréasnd ambents af Bickwlard dibfep. known as an
initiator) for the redistribution reaction is preferably generated in situ

' | ' ' rocgess. Backward.dj ner, . ,
ot anet i S i SERUB P B RSRECrmpG 5 <Hicibat b envlibrbioprieng of
2, 6- di netéfythpipestess, alvd TMDQ (pr &dyeothedb&kinatd fmerPbli@imes TheRsY g mgones ey
al so be pre dependi on the phenolic species being oxidatively
coupl ed. thﬁj%lﬁ:lﬁ Wﬁegﬁhgqagﬂﬁr?shﬂha]@ydf%?%rppfenéfr ShQUdﬂlb@fcldahmababd(?asdxtdl mer
ar e D e SR ihoRBluRCHOBALE ¥ KA BarodlIFIl NG BRYSY inllealiog O™ 1S

increased during the early s - o
the level of backward dimer (e.g., TMDQ) during the oxidative coupling process and

incorporating at least a portion of the TMDQ through redistribution (i.e.
equilibration). For example, a PPE oxidative coupling reaction that has a TMDQ
level of about six weight percent based on the weight of the PPE at the end of reaction

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

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

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

undesirable reaction by-products and at temperatures substantially lower, ice crystals
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of oxidation, higher levels of TVMDQ are produced. Likew se, a sl ower

initial reaction rate with the copper (I) based catalyst also results in
an increased accumul ation of unreacted nononmer and a i ncr eAgwiorgf 2008
anount of T roduced. The copper amne ratio affects the anmount of TMDQ
gener at ed ¥P® 4g27ﬁi gher ratio of amne to copper favoring BET/UB¥2863%e in
the anount of TMDQ Additionally, allowing the reaction mxture to heat,
preferably fromthe reaction exotherm also results in higher |evels of

TMDQ.  Genfafal inyihet §Ruti®ACIAO BrevicisHl BishbSsshR i n about . 30and
45C, however allowi ng the terBr%er at %elst oS?(%C%Heog‘glggslé@g%/a\éﬁggd@xgﬁ%JPt S in an
i ncr ease inpregggealbavgerbant SORDQesHtseineamlimaredshan |thy ebvedlof GrakRivyEl ditrier| €SS

than 10% b i, ght_wth respect to the PPE. Nunerous studies conducted to
det er m néjrg%%\éﬁtﬂ%gﬁg%ﬁgfedctgﬁaﬁaiyfﬂ theredisErRuticneaciorl s of backward di mer (
e.g., TMDQ during the oxidative coupling process have resulted in a

nurber ofThet frecess nendpeatéiemh ks foPake abfaklizihe. | L8] hackwar d
dimer. 7 5 August 2003 WO 00/ 46272 PCTI Ugglg/ 38650 ﬁisgés*{ri% !rér%gtr@’(agpﬁg t he

ratio of 'PRRHANNS HouBERdlov mie@nddhe like age madifiedldsed oh: thelexatrerargent i 0)
| eads to hi . di me at i,os._as .does hi gh addition rate of
phenol i c nm&n%@%e%?%‘%%rg%ac@%nmﬁ? %PEroé . tgﬁspﬂg‘ﬂa?}?@ﬁgv V1S dF AV ERISRILY

i ncr easesleienmiried wietaen ai-ling e5pesist meer. AhHBob@o6iSer RethbEd SRREH r+§<\\,{£§r s of
backward dinmer. Finally, running the oxidative coupling at a lo

per cent adPleRulx YYRiBht Teasurements; ofunpinge toaal prdeterpinedolréastion tmpgen

rati o) akgmrdifAdSolL shREELAS -Dackward diner. |f no additional
functional i Eedﬁ%hgnoﬂ)c conprg%ﬁgurﬁ)g%%gfe}%nﬁ}' oﬁ'@e eGufi BYEENBH By of the
process, stlhtomvBQajsorbeantilized.her backward di mer) becones incorporated into
the PPE and can lead to a high hydroxyl PPE. It should be clear that the

Present Afer the end of the oxidative coupling reaction as determined by the desired
molecular weight of the PPE, at least one phenolic compound is added to the reaction
mixture and allowed to circulate while maintaining the temperature preferably
between about 20° and about 150°C, preferably between about 60° and 80°C. The
reaction mixture is maintained at temperature for about 30 to about 90 minutes,
although longer times are possible. During this redistribution step, the flow of
oxygen has been preferably halted as the oxidative coupling has been completed.
Generally, higher redistribution conversions are obtained under air as opposed to

nitrogen.

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

the following:
A) phenolic compounds with formula

Rl

G
X



invention al so includes processes to increase the hydroxyl |evel on PPE by
increasing the |evel of backward diner (e.g., TMDQ during the oxidative
coupling process and incorporating at |east a portion of tRAUPNBQRAN ough
redistribution (i.e. equilibration). For exanple, a PPE oxidative coupling
reaction t @ 00é@7a TMDQ |evel of about six weight percent hasgg B&kgbhe
wei ght of the PPE at the end of reaction had a hydroxyl nunber ng about
360 nol /g after equilibration. The polynerization reaction is preferably
per f or med ig a. g@Lvent. Sui tabl e solvents are disclosed in the above-noted
Hay pat ent¥ AP oTratGPECSSHE FMAEOSS T OB ST 138 Her egroun ehdi¥neepresehisl dnenzene,

xyl ene, ango@p,tnCith@ n i eferred al t hough

tetrachl o;%ng% hane, E)?%qgﬂli’gargrﬁgc[c gﬁ%ﬁﬁgi%‘*%@p e PiPipried By ?—@Ftbﬁ?‘gl““aét hane
and trichlcgresseieyl @rerbexyl atasp, behyused. gibhp, wei @hir grakp QLRS! vent
and rmnor:@l];eréiﬁ I@ollérggl l"é’ i n theh%ngggre from1l:1 to 20:1, ie. up fo a maxi num
20-fol d  exiledl Ryrls afalkrl groupg i TBPIG¥Reth hxdioy e sToupnet aroesteregrous

pr ef er abl ywherelth® w@0Be sbpapdred : ' Vi The tenperature to
carry out the polymeri zati%n staﬁéjeggg?elﬁ;%no?nr\} tt;ﬂjétr{glbeaﬁe?lbr%m‘ipaﬂ&gs from
about 0C. hsTeipsin tesg@umissr ef parbdreatabiisyin thenalkybpoapahttiched 0@ pifenof F OM
about 35C._: ' ,.th the higher reaction tenperature near the end
of react F%) Ssi@qg%rggff%‘nﬁ’al | y higher tenperatures, side -reactions can
occur leading to wundesirable reaction by-products and at tenperatures
subst anti &)l y bepkenolicompourys adhSoruldugust 2003 WO 00/ 46272 PCT/ US99/ 28650
formin the solution. As previously discussed, allow ng the reaction
mxture to increase apove abouf 50C results in an increase in the |evel of
backward di producgd that Ban be used to catalyze the redistribution

reaction. The ess Ifhznd eacCtion conditions for the polynerization, such

as reactigp ti C;: @ OH
R3
R }’{ R

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

C) a phenolic compound with at least one of the formulas:
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tenperature, oxygen flowrate and the like are nodified based on the exact

target nol ecul ar wei ght desired. The endpoint of the polynerization is

conveniently determned with an in-line viscosity neter. APthEUefiR0OBher

met hods such as maki ng nol ecul ar wei ght measurenents, running to a

pr edet er mi WOPOMEFRt i on time, controlling to a specified eneigrusy®286s0

concentration, or the oxygen concentration in solution may al so be

utilized. After the end of the oxidative coupling reaction as determ ned by

the desired nopecul ay wei ght of thGPFPE, atch$ajt one phenolic conmpound is
P (0]

added to the reaction} m xturefand wed tqg Cirjcul ate while maintaining
the tenper pr ef efably  bet weeptabout
bet ween ab 17
t enper at ur
possi bl e.

about 150C, preferably
B Trai nt ai ned at

| t hough | onger tinmes are
bw of oxygen has been

30 to ab
redistri

pref erabl y the oxiddt] begen conpleted. Cenerally,
hi gher redi conver si der air as opposed to

ni trogen. @ _process of th the fupctionalized phenolic
compound i bm t he fiol | A) phenol | c conpounds with formnul a
HOR X9 2003 WO 00/14627 | US99/ 28650 wherein R represents a
hydr ogen- a 3~an al kyl group a represents @an allyl

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

D) phenolic compounds with formula

H

CxHax-y

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

E} multifunctional phenolic compounds with formula
R’

HO OH
OH

wherein R’ represents a hydrogen atom, an alkyl group, an allyl group, an amino
group, a protected amino group (e.g., protected by a tert-butyl carbonate), a carboxyl

group, a hydroxy group, an ester group or a thiol group; or
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a protected amno group (e.g., protected by a

tertiary-butyl carbonate), a carboxyl group, a hydroxy group, an ester
group or a thiol group, wherein R is an alkyl group when XAugpst€96ats an

hydroxy group or an ester group ,wherein X may be separated fromthe

phenol ring through an al kyl group and wherein the total nunber of carbon
I's not nore than

atoms in thé)al kyphepobcpsnpditraiheith §@ido o%ﬁbe@ﬂiq |

si x; B) bi sphenol conpound?wi th fornul g,q H V\/ﬁc‘errHetp% -each X,

I ndependent|y of the other represents a ﬁg‘/dr ogen atom an allyl group,
an am no group, a protecte m no Eup (e.9., protected by a
tertiary-butyl carbonate), bgx up, a hydroxy group, an ester
group or a thiol group, g, Not nore than one X group

represents a hydrogen atom ; reseznt an hydrogen atom or an
al kyl group with 1-6 car bogs toms &Y eac 4 represents independently of
the other R4 a hydrogen at®m a nethyl grdup or an ethyl group; O a
phenolic coa'?lg%?}_g ith at | east one of the formulas: 10 5 August 2003 WO
00/ 46272 m 0 i TRPTFPSHE Hdenendentlyt ob one rapotter 20 hydfgenhase] iag ounds
with forwlmﬁﬁ'ﬁkb&%ﬁ@&ﬁéﬁh&}&wéﬁ%_mgei n x has a value of 12-20 ahd y

I vat Fv

has a value of 1-7 or a de e “t her eof;

group, an ami no group,

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

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

Phenolic compound,

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

12



E) multifunctional phenolic conpounds with formula OH wherein R5 represents

a hydrogen atom an al kyl group, an allyl group, an am no roup
pro%/ect gd amino group (e.g., protected by a tert-butyl car bgrf?&@é§t20é?3

car boxyl roup, a hydroxy group, an ester group or a thiol group; or 11 5
August Zodgolﬂ?"’ﬁ?ﬁ?énol i c conpounds with amino groups with foromtigesRassgH3
HO -(( )>-c-(( ))-NH2 CH 6, 3 R wherein Rs represents independently of one
anot her a hydrogen atom an al kyl group or a nethyl ene phenol group. At

[i intrinsic
U scoon 1 Snmofifin Gt BB S0 and VB0 R BRE b it s seect AhPECSAt ¢ he end
of the muiedalsi are addeipta mg’PIEelidﬁﬂsoiﬂ_ﬂﬂﬁl ?ﬁ@?ﬁﬁ%@-fan'lhﬂ@ °g‘§%§§§§°“{‘ﬁ§. i ved
t nmount o enol i ¢ corpo
et e G 5 B ot Al S S s oy b
nmbodi megye V. r weig
of ot | omedbut it 5?%%2?%%‘%22?‘555293%@%6%@5 R g

conpar edNe.03,pH, |G (PFeemest ¢tahhdar ds. | n anot her preferred enbodi nent, the
functionalized PPE has an intrinsic viscosity of between about 0. 05 dl/g

and 0. 501"he useful chelating agents include polyfunctional carboxylic acid containing
compounds such as, for example, sodium potassium tartrate, nitrilotriacetic acid
(NTA), citric acid, glycine and especially preferably they will be selected from
polyalkylenepolyamine  polycarboxylic . acids, aminopolycarboxylic  acids,
aminocarboxylic acids, aminopolycarboxylic acids, aminocarboxylic  acids,
polycarboxylic acids and their alkali metal, alkaline earth metal or mixed alkali metal-
alkaline earth metal salts. The preferred agents include ethylenediaminetetraacetic
acid (EDTA), hydroxyethylenediaminetriacetic acid, diethylenetriaminepentaacetic
acid and their salts. Especially preferred are ethylenediaminotetraacetic acid OF a
mono-, di-, tri- and tetrasodium salt thereof and the resulting copper complex can be

referred to as a copper carboxylate complex.

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

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

The reaction media generally comprises an aqueous environment. Anti-solvents can
also be utilized in combination with the aqueous media to help drive the precipitation
of the copper (I) species. The selection of an appropriate anti-solvent is based
partially on the solubility co-efficient of the copper (I) species that is being
precipitated. The halides are highly inscluble in water, log Kyspvalues at 25°C. are -
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dl /g, preferably between about 0.08 dl/g and about 0.4,dl/g and nore
preferably between about 0.08 di1/g and 0.30 dl/gas neasured in chloroform
at 30CC. The PPE nmy have a bi nodel distribution of nolecslfagusEioght s.
Preferably after conpletion of the redistribution reaction, the conpl ex

catal yst i goghghated to convert the catalyst into a water ?%Tﬁ%lg et al
Q /Eﬁ?é‘hol I C
t

conplex. It 1s also possible to add the chelating agent w

conpound or even before the phenolic conpound. In either case, it is
preferable to add the phenolic conmpound’ within a short tinme frane after

t he oxygeh4?] ofzhard bdéP6dios Cubl,i CuRschraisC il eespAdIReW. | $olubIBE @ water is

redi stributi n an bheco cons d, before serving as a catal yst for the
phenol i ¢ @%ﬁ%%&%&%&/ﬁﬁefe%ﬁevog‘r%é‘éesé9? E&lﬁedﬂ?%d‘&toéh%f%@ﬂw elgest,Sullly be used
in the pr@UCIGenafCudlgand By otk @mbRxGRTPLEXs WNbh- | ¥8t 5 FOT
exanple, sulfuric add, acetic aci d? 1275 Aug%stbgé%ggg%%%%zﬁn?"

PCTI US99/395658t WRWENFmPRSE {oyv myllequldraweightatky! and aramnkifd hyddeidbnd)g agents

may be u teri.al.s. are added t PPE reaction solution,

t he coppgg?b;%%&ggﬁ%@stp ggﬁe(gévr?é%h “%@F%‘a & ‘ﬁﬂ‘gdﬁ’&?’? FraRe splpbikity rtheloes not
take pl acguedarsplutiohf Emenkilhwdtiarthabs WaYdR abis &btk ahlanbsoPhef €Ll ed to
enpl oy tho?e chel({afli ng ?gents that are di sc|aosed iSn U_ag,aphg"tpgar‘%@é

3, 838, 102"f BEIHRY ¢! apfi-spivent, ifpy wasttilizedhel ati ng agents incl ude
pol yfunctional carboxylic acid containing conpounds such as, for exanple,

sodi um pot assiAferrethbvAtdT thddudil O TITELd faiRG! NTA) worGLtrl o acid,
gl ycine and especially prefer abP’y’ they Vﬁq?mg@ggglu(%lgpé%éqchmated toa
pol yal kylgahépéq’%fbrﬂ?ﬁ@ poparcef thexiyélaton olﬁﬁiajBPE.ngrm;ﬁﬁtMﬁanfsg%ng;%ddgmac! gs,
am nocar i.ds. . am no xyl i ci ds, ami nocarboxylic acids,
pol ycar bogil(/%ll)fg&étgﬁ%a@nla‘ﬁ%f W@gfk‘%ﬁ@{ﬁ ﬁa%ﬁg S-lll‘?1 SaBiealer Hiened28 §l/geranoor ni xed
al kal i mgemdrally useful for isolation of low molecular weight PPE due to the small PPE

particle size and friability of the particles. Very low yields are obtained with

undesirable fractionation of oligomeric species. A total isolation process is preferred

for isolating the PPE. As part of the total isolation, a portion of the solvent is

preferably removed in order to reduce the solvent load on the total isolation

equipment.

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

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

extremely high and are near quantitative. These techniques require however that the
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al kaline earth netal salts. The preferred agents include

et hyl enedi am netetraacetic acid (EDTA), hydroxyethyl enedi am netri acetic
acid, diethylenetriani nepentaacetic acid and their salts. Bdeust300p
preferred are ethyl enedi am notetraacetic acid or a nono-, di-, tri- and

t et r asodi uppgakézsthereof and the resulting copper conpl ex cp(?r,nggz%ggoerred
to as a copper carboxylate conplex. The chelated netallic cata s{
conmponent can be extracted with the water produced in the polynerization
reaction by through the use of a liquid/liquid centrifuge. The preferred
ext ract i 6af2IysyiFPYRbPe GewPledtindhy pOekRroCeS stape af ANe natalyst femaaring@ipieous

sol uti onsghgggwﬂgéég%g*be teofrted %etﬁ% ﬁ,?re of water and an al kanol havi ng

from1l to out at ons. nerally from about 1% to about 80% by
volunme of an alkanol or glycol may be enployed. These ratios may vary from
about 0. Devalatibzingleatrudd® and paodessesyary &howe itheasiy @@ SypitAl @vekthact ant to

di screte, organi c phase. The reactian di a generally conprises an aqueous
envi ronmiRE-SCHH FRCHTE sRvepedith i Beventing sereians o chsnhemosal. vt h t he

aqueous fRGiractic® dreth® pdskMEinb BRidA B ;Blieﬁé’attéooé‘onc&fgrét&?s&gg r e{;%(fnllﬁb- speci es.
|

The sel ection of an appropriate anti-solvent Is based 8n t he
sol ubi | i thg RRE éf fedcintmthegdevolaglicing patrudér) arsipmeinesinddhatta tempeeinite less

ipitated, T [ hi ghl.y i I [ ter, | K| I t
R e AR R R TR C AN
11. 96 f Ofpdut G5-2008 vARH pfosdured %&%%Fa‘géﬁe8§8f L ] hVanole Yl Tre - o

I ncreased by the presence of excess 0 e 10ns
e.g., CuGkdiantGuieeat leveinid raliCed taresshhiaraban 1200ppa ipefeRBRCIeSS than

Al kyl - antroar SFEPE. fou aritne D kabangtou 4R BNl s and (he ©i ke whi ch i
t hensel ves woul d have sone solubility in the

When using a devolatilization extruder for the total isolation of the PPE, it was found

that traditional underwater or water spray cooling of strands of extrudate followed by

chopping the extrudate into pellets gave unacceptable resuits presumably due to the

low melt strength and inherent brittle nature of low molecular weight PPE. It was

found that special pelletization techniques can overcome these difficulties. Useful

techniques include die-face pelletization, including underwater pelletization and

flaking, declining angle strand pelletization using water spraying, and vibration drop

pelletization with underwater pelletization especially suitable.

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

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

centrifugal dryers, batch or continuous oven dryers, fluid beds, and the like.
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aqueous solution. One skilled in the art would be able to select an
appropriate type and anount of anti-solvent, if any was utilized. After
renoval of the catalyst, the PPE containing solution is conbéupusit28@3t o a
hi gher solids |evel as part of the isolation of the PPE. Precipitation

usi ng st andeodbo/4epma- sol vent techni ques typical for PPE havi ”gclr/l¥9'/§8650
greater than 0.28 dl/g are not generally useful for isolation o ?ow

nol ecul ar wei ght PPE due to the snmall PPE particle size and friability of
the particles. Very low yields are obtained with undesirable fractionation
of ol i goner iRetarpHRatiog of Anappraprials srtaficonditiont earsbd sadiiye fetermitied bone of

I sol ati ng the:;P f al_..isolation, a portion of the solvent
S preferaE ;ﬁrﬁghn%ézgp@%ato@g%% E‘)gpg'ﬁ{rf’r{eeat%lgn.t he sol vent | oad on the total

i sol ation equipnent. Concentration of the PPE containing solution is

acconpl i she®reyurreagdentéd gdtanmge pf abs prezemtningerg@nv@nialkd astbivasisal M e
ature of the PPE containing solution.

preferably increasi the teme . 1t ai 3

Pressur es 01“3'35(5% mggl‘e{xgbag%wg@r IQERPaduseddp siu By the axadaiivieeupkingyrectiaur es

i ncreased t @, ahtabv@8Sithe 288Sirib - gt 30C A sglids | evel of
PPE of at | easttag%a;_ ‘bref qragilifllﬁ g?‘%g% Hldggg? %‘Emmﬁ%ﬁ?‘é’%’ AR PR, The
i sol ati on ofwithhut Ppeor isolagipn ohtheyPREar Thisproeess has advdatagkatirl dogi Rgueidnr uder

al t hough other, t hds_i nvol vin ray..dryi ng, ed fil mevaporators,
f1 ake gvapoFlﬂpd-‘f'rsg?’ rgﬁ%cmglt es%“%%%s%ﬂ?“éhl?%gﬁ?ﬁgfnvﬂl’p s, Moreqvigni thg RP&r isous
conbi nat i Ongutjesteb Yévg Hehesemems H%Ssﬁé&gaﬂh%@fiﬁsﬁilﬂ{vearbg'rxjefhiés%gﬁxgé fi! ances

preferred. As_previousl Y descri bed, total isolationis efera romthe
vi ewpoi nt t RBE 180} 3yepitapiecsodysat farsedissibntion. Thmpraxtss also aéfosdsne nobeigidere as

with precip ' | | SE 1 SO %IPIE:O' n.wields are. extrenely high and are
near quantikr'%{&:é \%Z&v éé;cgmtrg‘%ﬂﬁmﬂltghéés revdltﬁl?{%"ﬂﬁﬂﬂ?/é’rsc?ﬁﬂ%’tb éé/’&@?%lt%?éust
2003 WO 00/ dgai &out (UF6 di/2Bhekionalized PPE.

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

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

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

Exampies

Standard PPE Polymerization procedure

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

withdrawn, stirred with a small amount of 50% aqueous acetic acid, centrifuged, and
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catal yst renoval be conpleted in the prior process steps as any catal yst
remaining in solution will necessarily be isolated in the PPE.

Devol atilizing extruders and processes are known in the art 5awgusiyafioSal | y
involve a tw n-screw extruder equipped with multiple venting sections for
sol vent reB\WAM627tn  the practice of the present invention, PChesyymshaat ed
concentrated solution containing the PPE is fed into the devolatilizing
extruder and maintained at a tenperature |less than about 275C, and

preferably | oyt t preferably between . .about
e Shoe fhofiinb AhudPollactalls, 308 IRAMePLA' L BRamBR BE Raaf0f dr 11c
r esul t ant memlan@ntfilteeace|lwashed adtic efkthadleand tdiadd albaet vigdln PPMoipLef er abl y

| ess than . about 600 ppm. .and nost pref,erab}[ﬁé | ess than about 400 ppm When
usi ng a dESeASHiSS preaeIsEeddR chiggriprn selutipiat 3G andsast snieatlyoneashesdRPE, | t

was foun hatysgt ig4onp . t a oling of strands of
ext r udat gof? %’I ?o&bé&gy cho p# g@‘[‘ﬁ%}“ gfr)?{ (r?lﬁj%\g?’e@ibh? gapg%q:e uslutag\;%actmn
unaccept adligeotsesul t s presumably due to the low nelt strength and i nherent

brittle nature of |ow nolecular weight PPE. It was found that special

pel | etizafion techpi ques cap.over cqne e difficulties. Useful
Pechni quessimie dudrersat &R Faraiiey PR revdinsatingring SREeihesis
pelletization and flaking, declining angle strand pelletization using

wat er sprini polynfidatidndwas berforiHedPacchriingeid #atdtaitand HRoddaster Wales 6-
pel letization especially suitable. It was unexpectedly found that
under wat efYignel.| copperaminhcorarlgx.tialgenhand exyganf {rcthis examplowas addddor.48 n t he

PPE as c e hee st an d i 1 r/air.coolin fol | oned
by pel | L %ﬁ}%g{chﬁfl quﬁels'g@@é*?’ﬁ’té‘éﬁgg’ss‘r!?’r‘n‘#e@b(“%%ﬁ%ﬁ%ﬂ% 254 "B han 30,
aRd even G@@gl) pbah,6§§rlmoéatanhbibegiabﬂnig oeist;]e:felﬁgra{)red\st he Yésults 5ﬁoﬁqmﬁet}4@d Wi tth
the sta stran ni que. .shou e apparent that the presen
process gl?a% (Pseio(,ﬁ n%%%%‘éggp e f4r Fh@“as@PEerwiaPﬂ W| mefecpias sweighih about
30, pref qhailoraliRIPHER Brafaut Aaémpmis ﬁ%}fﬁ{g&%&%ﬁ @Fd Sty S& dried

using techniques standard in the art c
not result in any significant increase in molecular weight.

Example 2. Preparation of functionalized PPE resin directly during PPE synthesis

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

only very low molecular PPE could be obtained.

Example 3. Preparation of functionalized PPE immediately -after oxidative

coupling

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

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

hours). The products were vacuum dried at 90°C overnight and characterized.
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process as described herein utilizing the TMDQ generated in situ during the oxidative

coupling reaction without addition of additional catalyst.
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tenperature i s maintained at about 30C by circulating water from a const ant
tenperature bath through the cooling coil. At about 60, about 90 and about
120 minutes after the begi nning of nonomer addition, sanpl&4&ugfstt2083
reaction mxture are wthdrawn, stirred with a small anpbunt of 50% aqueous
acetic acid, centrifuged, and 16 5 August 2003 WD 00/ 46272 PCT/ U599/ 28650
the polyner solution is decanted. The pol ynmer can be precipitated by

addi tion O&Fﬁ hanol, filtered washed with nethanol, and dried under
vacuum In ‘c viscosities are nmeasured in chloroformsolution at 30C
and are typically measured as 0.29, 0.48, and 0.57 dlI/g respectively for
the 60, 9 a%%? ghnutes reaction aliquots. Exanple |. Preparation

of functional I zed resin directly during PPE synt hesi s PPE pol yneri zation
was performed according to the standard procedure using 2,6- xylenol,
copper/animeAqmmpkﬂxpmﬁmﬁuéh@ﬁwm@zeM¥g@hmwkmeﬂﬁﬁseémaﬁéPUWWHs added 1. 48
wei ght percent . of 4,4'-Dbis(4-hydroxy-3, 5-di net hyl phenyl ) pentanoi c acid (BX-
COOH) per ?ﬁgjxiﬁenol at the beginning of the reaction. As the results show
(see the Table below), BX-COOH acts as chain stopper and | ow nol ecul ar

el gt funct | ofal | ¢ad FEE Bl ERRL Uac i SIS LOIALOLAI GG LIERET | O

(up to 5.5 hourS) i A~an |can I'ncrease 1 n nol ecul ar

wei ght. Exanpl e Rend?s?eaireahls iy & bups éxl@cbl%lairﬁﬁ pREEntastamgidxasital during
PPE synt hesi s e procCedure was repeated accor |ng to the anple 1, only

BX- COOH was addedalyst tdptahicepopolypienylede@thed reainl andabadkeard wdimegous| y
added over first. 40 m n of he oxi datjve coupling reaction. As with.

Exanple 1, BX- GOHBIY Topovalert gagngl LEPGp#E and only very | ow nol ecul ar PPE
coul d be obtained. Exanple 3. Preparation of functionalized PPE i mediately

-after oxidativg redistributing a functionalized phenolic compound into the
polyphenylene ether resin in the reaction solution of step i without the

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

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

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

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

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

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

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

copper.
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coupling The standard PPE preparation has been done according to the

Exanpl e 1, except that BX-COOH was added i medi ately after oxidative
coupling (PPE synthesis) was stopped. Al the products wergAugodt@0éd vi a
standard catal yst renoval step, solvent evaporated and the unreacted

BX- COOH was renoved by Soxhl et extraction with nethanol (15 hours). The
products were vacuumdried at 90C overni ght and characterized. 17 5 August
2003 WO 00/ 46272 0 The characteristics of all the products are presented in .
t he tabl e bel ow. PCTIUS99/28650 Phenol der.Mw, g/nol Mh, g/nol Tg, CPhenol

i ncor por atd, oThéprdddda GF4R0#AAD WhdrsirPtheFane 804408 PherdlRORAB40ARE3¢ The
above exanples-illustrate that functionalized PPE may be prepared by the
process aéemsﬁmc@ww@s@legﬁeﬂfr@mrt@Eth@upwgqsrgbngm ed in situ during the
oxi dative coupling reaction w thout addition of additional catalyst. 18 5

funct onal zed’?‘ﬂ\%ﬁ?&ﬁvc‘%ﬁp%@%%ﬁﬁ%s@ﬁk *B d process” e

R’
€
X

. wherein R! represents a hydrogen-atom or an alkyl group and X represents an
allyl group, an amino group, a protected amino group,
.a carboxyl group, a hydroxy group, an ester’ group
or a thiol group, wherein R1 is an alkyl group when X represents an hydroxy
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conprising: i. oxidative coupling in a reaction solution at |east one
nonoval ent phenol species using an oxygen containing gas and a conpl ex
metal catalyst to produce a pol yphenyl ene ether resin and aAvgo0d direr

of the nonoval ent phenol species, and ii. redistributing a functionalized
phenolic conpound into the polyphenylene ether resin in the reaction
solution of step i without the - addition of an added redistribution

GRS VSR s st st b o

or nore of ‘1 ncreasing’t atio o noval eént phenol

speci es t oK Raghi BNalk§PEHiuPand IvhdraGi frstiofd] riutfbadsh daklbdn hRirfis of the
nonoval ent pheniol speCiés to the reaction solution; c. increasing in the

t enper at ur alkyl grdwaps athatkiedntosbie phiemol dangiin grot mere dhamisii ve coupl i ng; d.
decreasi ng the percentage of oxygen in the reaction solution during the

oxi dative coupljng, a e. usi.ng .an,am ne-copper catalyst and increasing
the ratio B} an*’ﬁ?h@ﬁgﬂ‘E%E?‘.mé?) a'A{Rj 42003 2. The process of claim|
wherein the functionalized phenolic conpound is at |east one conpound

sel ected fromihe group consi st%mg of: A' phenolic conpounds with formul a

HO wher ei n R1™M\epr esentIl’? a hydr,ogen-atom or an al kyl group and X represents
an
I
0 C 0
I3
' 0
R X

R4

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

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

0O
H;C—C—CHs ' Hy,C~C~CH,
OH | ., ?? |
or n
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ally! group, an am no group, a protected am no group, a carboxyl group, a
hydr oxy group, an ester group or a thiol group, wherein RL is an al kyl
group when X represents an hydroxy 19a 5 August 2003 group dAugusted0ar
group, wherein X may. be separated fromthe phenol ring through an al kyl
group and wherein the total nunber of carbon atons in the alkyl groups
attached to the phenol ring is not nore than six; B) bisphenol conpounds
with formul @ wherein .each X __Jindgpen Iy of the other X represents a

hydr ogen a¥ e%pagﬁ@_ﬁagqgﬁfb{esgﬁug, ® group, a protected am no group, a
car boxyl group, a hydroxy group, an ester group or a thiol group, with the
provi so t Nnog,, FitH RiFR1gpresents a  hydrogen atom R2 and
R3 represglms aghﬁyﬁo%dgﬁﬁgﬁfg%?rﬂgn aldk1§I group with 1-6 carbon atons and
each R4 represents independently of the other R4 a hydrogen atom a nethyl
group or an &Hyl group, C a phenolic conpound with at |east one of the

formul as: orLA20 5 August 2003 wherein mand n have val ues from 2-20; D)
phenol i c c ds Wth formula OH CXH2x wherein x has a value of 12-,20

and y has e of 17 or a derivative, thereof E) multifunctional
phenol i c compolnE3Haxt h formul a

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

E) multifunctional phenolic compounds with formula

RS

OH

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

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

F)  phenolic compounds with amino groups with formula

6 RS
T~
0 C NH;
i _
. CH .
RG 3 \ Rﬁ

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

alkyl group or a methylene phenol group.
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OH OH wherein R5 represents a hydrogen atom an al kyl group, an allyl

group, an amno group, a protected am no group, a carboxyl group, a
hydroxy group, an ester group or a thiol group; or F) phenoPiftgogh@dédnds
with am no groups with fornula wherein R6 represents independently of one
anot her a hydrogen atom an al kyl group or a nethyl ene phenol group. 21 5
August 2003 3. The process of claim 1l wherein the.nonoval ent phenol species
conpri ses. A}e phocesshef gaimd whareimitke proywseterdfphensl spaciethaimaprisese

backward dingr conprises tetramethyldi phenyl quinone. 5. The process of
claiml f%éﬁ@et gﬁ’é’@"@ing pel l eti zing the functionalized polyphenylene

ether resin using a technique selected fromthe group consisting of

et her ng & e o t| consi st |
pel 1 et 2 G B R e Sl B P e R T et o, 6.

The prOCQéﬁ-aﬁfetﬁjymiﬁhén Qidme.t he functionalized pol yphenyl ene ether has
an intrinsic viscosity between 0.08 dl/g and 0.4 dl/g as neasured in

chloroformat 30C.' 7. The {)rocess of claim1l wherein reaction solution

conpr i se$§. alhe paecessoé chfir } Sutbaecomphisitgpelistizing yhe functionalized

o-di chl orobenzene, tetrachl,oronethane, .~ trichl] oyponetjane,

G Chi or oRBYTEREent GHeR KBRS togique sefetted] ROM (he Eroup
consisting of die-face pelletization, underwater pelletization, declining angle

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

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

chloroform at 30°C.

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

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

on the total weight of the reaction solution,

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

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

aqueous containing solution.
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trichloroethylene. 8. The process of claim1 wherein the concentration of
pol yphenyl ene ether resin in the reaction solution is between 10% and 40%
by wei ght based on the total weight of the reaction sol uti 8Muggst 2p98
process of claim1 wherein the phenolic conpound is 4,4'-(bis(4-

hydr oxy- 3, 5-di net hyl phenyl ) pentanoic acid or a derivative of the acid..
10. The .process of claim1 further conprising recovering the conplex netal
catal yst with an aqueous containing solution. .22 5 August 2003 11. The
process of- 1¢l Fhaprocesheivkim 1 tWhereantbembount oftthebablacdeiaitr dile¥ethah $0%@§s t han
10% by mel ight of the henyl ene ether resin. 12.
The process gh Qgga?%%tﬁg?%g@ﬁ\g@ %81%13‘3“%]1%3 "'“B%F%Pt. zing the functionalized
pol yphenyl ene ether resin using underwater pelletizion. 13. The process of

laim1 wh d pal | e h d
Ceast in part TisPaevet At f Ibe heiind BB ERE B R AR RN URR: 01 n 1 e

devol atili zdubnr@nnusnmﬂmterpﬂbﬁlzim | east in part wth a devolatilization
extruder. 23

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

least in part by devolatilization.

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

with a devolatilization extruder.
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