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BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a novel process for the manufacture of very low
molecular weight polyphenylene ether resin, typically within the intrinsic
viscosity range of about 0.08 di/g to about 0.16 dl/g as measured in
chloroform at 25°C.

The invention also relates to the polyphenylene ether resin made by the
process as weli as blends and articles containing the polyphenyiene ether
reslin 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
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resi stance, high strength, and high flow. The processes nost generally used
to produce PPE involve the self- condensation of at |east one nonovalent
phenol in the presence of an oxygen containing gas and a catal yst

conpri si ng WORAE463T3 am ne conpl ex to produce resins typi RATVUSINLI$H n t he
intrinsic viscosity range of about 0.35 dl/g to about 0.65 dl/g as
nmeasured in chloroformat 25C. These processes are typically carried out in

the presencciicatp rdyeaeéy CFura@reﬁsm tRé' omBatieof PPE With m'rw?éerm nat ed
by renoval of the catal rom the reaction m xture. The catal yst netal,
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chel ati ng q.ggg}%n cé, higHestRRh, fa'hﬁrﬁig} me ymer solution with standard

extraction techni ques, such'as liquid-l1iquid extraction. The PPE pol ymer
can be isolated in a vari etg of methods alt houg %ener ally by anti-sol vent
r

preci pi t at |16, PIRCERRRT JBosteBRneLAlVL MSPH clg ipRAUC ipelver dhe msi- 5 wi der

range of i phliérsdation of éplgasttdherrﬁsmdwerﬁﬁﬁaedlm the drey@fcel d¥tdn! dk§gén Vi scosi ty
resins, have been desired. intrinpsic VISCOSIty decreases i'n PPE resins,

the |evel &PNIAURGLFS a@ﬁ(ﬁjﬁ%‘a'yﬁm% areetahamingLOmRiex 10 PIdYERr t i es

change dr agiihs @fpicall{ WANRT the! |ﬁﬁiﬂ§|bt\¥sco§§y fd?hb'&sdﬂbqu%%%Id% Sk eases) as
conpared to current commercially avail abl e high nol ecul ar wei ght PPE

produced bP-@hd/gres measurgddy Florafegrm @le%&?ﬁr bed. The physical properties of
PPE remain highly desirable and sought after in applications such as, for

exanpl e, ael*ﬁ@%.évmces%%e' 44! e‘ypﬁza@b caﬁle'a B8aS # 4R p %Gncégcff ar’ rgmefi es for

aut oot i ve, housi ng, cabeling, nbranes and el'ectrical applfcafions.
Al so, epoxﬁob'&gban Bm@ph%swpa"ya@mmmeby remenabof the catalystiftaral nmenber s

and sporti RQe REHEBATRRIkUA. eTh@'%ﬂafy%pH%ta? {ﬁérﬁb}ﬁs gﬁé&v@ﬁe@rlﬂo‘:‘al &ﬁ%ﬁ i cal

| am nates, and | C encapsul ation “nateri on oxl es and unsat ur at ed
pol yest er s.metal eampiax mithdhe gidsof a chelatlng agent, is removed from the polymer

solution with standard extraction techniques, such as liquid-liquid extraction.
The PPE polymer can be isolated in a variety of methods although generally
by anti-solvent precipitation.

As new commercial applications are sought for PPE, a wider range of intrinsic
viscosity resins, especially lower intrinsic viscosity resins, have been desired.
As intrinsic viscosity decreases in PPE resins, the level of hydroxyl groups
increases and the rheological properties change dramatically (lower viscosity
as intrinsic viscosity decreases) as compared to current commercially
available high molecular weight PPE produced by the methods previously
described. The physical properties of PPE remain highly desirable and
sought after in applications such as, for example, adhesives, sealants and
gels based on SBC, SBR, or epoxies for automotive, housing, cabeling,
mémbranes and electrical applications. Also, epoxy based composites for
aerospace, automotive structural members and sporting equipment are
desirable applications as are electrical laminates, and IC encapsulation
materials based on epoxies and unsaturated polyesters. Friction materials
and abrasives compounds based on phenolic are aiso sought after. PPE is
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and abrasives conpounds based on phenolic are al so sought after. PPEis 2
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It is therefore apparent that a need exists for the development of processes
for the manufacture of very low molecular weight polyphenylene ether resin,
typically within the intrinsic viscosity range of about 0.08 di/g to about 0.16
dl/g as measured in chloroform at 25°C.

SUMMARY OF THE INVENTION

The needs discussed above have been generally satisfied by the discovery of
a process for preparing PPE having an intrinsic viscosity within the range of
about 0.08 dl/lg to about 0.16 dl/lg as measured in chloroform at 25°C
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 PPE having an intrinsic viscosity within the range of about 0.08
di/g to about 0.16 di/g as measured in chloroform at 25°C:; removing at least a
portion of the complex metal catalyst with an aqueous containing solution; and
isolating the PPE through devolatilization of the reaction solvent.



dl/g to about 0.16 dl/g as neasured in chloroformat 25C, renoving at |east
a portion of the conplex metal catalyst with an aqueous contai ni ng
solution; and isolating the PPE through devolatilization of.the reaction
sol vent. 3 W@@@2®6273 PCT/ US99/ 29059 The descri ption t haRCTIUS®Y 298 pr ovi des
further details regarding various enbodinents of the invention.
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I NVENTI ON This dbwgﬂbh thaprfww@sprb%ea RIPeESdetdiy rbBardigeRarkiatd on of | ow
nol ecul ar wei PE, preferably having an intrinsic viscosity between

about 0. 08eHbE 'm%%Pf)th%“Yﬂ"f'an by oxidative coupling at |east one
nonoval ent phenol species, preferably at |east a portion of which have
substitution in at |east the two ortho positi ons and hydrogen or hal ogen
in the para position, using an oxygen containing gas and a conpl ex

metal -am n a copper (l)- amne catalyst, as the

oxi di zi ng ?&gﬁ%%ﬁﬁ 5)?9%?@?%%t | east a portion of the netal catalyst as
a nmetal -organic acid salt with an agueous containing solution, and

i sol ati ng tNotapplieabler ough devol atilization of the reaction solvent. In one
enbodi ment, the process affords a PPE that has |ess than a 10% i ncrease,
preferably less than 5% increase in intrinsic viscosity after heating into
the nelt phase. In another enbodi ment, the process affords a PPE that has
| ess than a 10% decrease, pref erabl1y | ess than 5% decrease, nost

pr ef er abl y DEZALER Hﬁ?PFﬂ%"a‘é@F@é%'éNF WPt ri nsic viscosity after an
equilibration step follow ng the oxidative coupling reaction. The PPE

enpl oyed i IThishmventise ptovideéelor iaoproaess Karothve prepsratios of BRI mdledglan

weight PPE, preferably having an intrinsic viscosity between about 0.08 di/g
and 0.16 di/g, 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 (l)-
amine catalyst, as the oxidizing agent 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 process affords a PPE that has less than a 10%
increase, preferably less than 5% increase in intrinsic viscosity after heating
into the melt phase. In another embodiment, the process affords a PPE that
has less than a 10% decrease, preferably less than 5% decrease, most
preferably less than 3% decrease in intrinsic viscosity after an equilibration
step following the oxidative coupling reaction.

The PPE employed in the present invention are known polymers comprising a
plurality of structural units of the formula



plurality of structural units of the fornmula 4 WO 00/ 46273 PCT/ US99/ 29059
wherein ‘each structural unit nmay be the sanme or different, and in each
structural wunit,. each Q Is independently hal ogen, prinmary or secondary
| oner al kywo@ose7z al kyl containing up to 7 carbon at onspcr/pbsenydse
hal oal kyl , am noal kyl, hydrocarbonoxy, or hal ohydrocarbonoxy wherein at
| east two carbon atons separate the hal ogen and oxygen atons; and each
I s independently hydrogen, hal ogen, primary or secondary | ower alkyl,
phenyl, hal 84 1hydrocarbonoxy or hal ohydrocarbonoxy as defined for Q
Most often, h(Q is al kyl or phenyl, especially C .4 alkyl, and each @
I s hydrogen h\hosopol yner and copol ynmer PPE are included. The
preferred ho nmers are those containing 2,6-dimethyl -1, 4-phenyl ene
ether units. _Guit\abl e copol yners include random copol ynmers contai ni ng such
units in cd@binatdn with (for exanple) 2,3,6-trinethyl-1,4-phenyl ene
ether units. Also included are PPE containing noieties prepared by
grafting vinél, nonﬂners or polynmers such as pol ystyrenes and el astoners,

heERip

as well as¥ eaghppieucturgl Wit cmay ey ther amee ot diffarent, 2and aweaoh ecul ar

wei ght  poktrgétur® 0Ak Ssacha) ROAESHenBEH i 5, | nder go reaction

I n  known nner with the hy(_:Iroxyn roﬁ@%@f&gm&g{ ?%ﬁ%ﬂ@ﬁ&]g’w her)

chains to a¥bdiRe akHi gARtAINAY dipuitar 7weathon ptdmsier phamyhv haledikgl,

subst ant i abmitidaRdt,t hiltocatbohd s Al so included are PPE 's

containing a functi o)g\d;l endgﬁguﬁm%gwcﬁl%%swﬁ WQQ'E?E’? it \?Ffth reactive

conpound h&¥PAQ atams separateothel halegen cand oxygen atoms; and each Q? is
independently hydrogen, halogen, primary or secondary lower alkyl, phenyl,
haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for Q'. Most
often, each Q' is alkyl or phenyl, especially C,, 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-trimefhyl-1.4-pheny|ene 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 weight
polycarbonates, quinones, heterocycles and formals undergo reaction in
known manner with the hydroxy groups of two poly(phenylene ether) chains to
produce a higher molecular weight polymer, provided a substantial proportion
of frge OH groups remains. Also included are PPE ‘s containing a functional
endgroup, obtained from reaction with a reactive compound having the
functional endgroup.

The low molecular weight PPE generally have a number average molecular
weight within the range of about 1250 to about 7000 and a weight average
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The | ow nol ecul ar wei ght PPE generally have a number average nol ecul ar

wei ght within the range of about 1250 to about 7000 and a wei ght average 5
WD 00/ 46273 PCT/ US99/ 29059 nol ecul ar wei ght wi thin the range. of about 2500
to about 15¥0084628s determ ned by gel perneation chromatRaIvEsIneoson t h a
preferred nunber average nol ecul ar weight within the range of about 1750
to about 4000 and a weight average nol ecul ar weight within the range of
about SSOOWbCBcalaOLWGIQBt GAin ake dehgé nbfadolty 2860 BEEBBA 1800, as

Al t tivel intrinsic viscosity (hereinafter
'(':Ihr 8/%1; og; 8&3&" ingd, t?‘?glrggﬁtﬁe\épe%@"g Roropstography swith 4 (reeferrgd; Aembemge of
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' 25C. Th PE t epared by the
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S
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cobal t  Congiem, thesHAGS B BBoRDE-02(E QNg., Wréf@ra\s inolﬁé @B% faBb&rials. It

wi || be apparent to those skilled in the art goirng that the
PPE cont efp0-0: thdli/g., B8R EngRsHERshn Chl@@ﬁwahﬁﬂﬁbl ude all those presently

known, irrespective of variations in structural uln! ts or ancill ar%
cheni cal 1@ WRES ard epialyYErepaBat bPthe o fdQﬁveP*&SG naCof BP Wt JhBY Pe
carried out b dgl ngﬁi hekl rgggno |cy0rmnor)§er or ﬁe?s Fo a surtable

reaction sOP roYarqspalicesmpgund %lﬂt"o@ﬁa@rﬁ‘&)dﬁm Zétﬁatri}mtthylphenods preferred
to carry OsH mixhsred OfXAE bregbingn Cataty’afﬂs¥§%é:‘ﬁ§f‘d}8ege%reﬁ‘lycém&b&ed)?orc”pr0”5

sal t-secondary am ne catal yst “su
suchycouphng and theyytypncally contain at least one heavy metal compound
such as a copper, manganese, or cobalt compound, usually in combination

with various other materials.

It will be apparent to those skilled in the art from the foregoing that the PPE
contemplated in the present invention include all those presently known,
irrespective of variations in structural units or ancillary chemical features.

The polymerization of the phenolic monomer may be carried out by adding the
phenolic monomer or monomers to a suitable reaction solvent and preferably,
a copper-amine catalyst. It is preferred to carry out the polymerization in the
presence of a‘cupric or cuprous salt-secondary amine catalyst such as, for
example, cupric chloride 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.).



' exanpl e, cupric chloride and di-n-butylam ne. The polynerizations are
advant ageously carried out in the presence of an i norgani c al kali metal
brom de or an al kaline earth netal brom de. The inorganic brom des may be
used at a | WOdW/A4@r3 from about 0.1 nole to about 150 nol es PpeUs®RsDl es of
phenolic nononer. These catalyst materials are described in U S. Pat. No.
3,733,299 (Cooper et al.). Tetraal kylanmmonium salts nmay al so be enpl oyed
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(Hay). Illustrative nenbers include aliphatic amnes, incl'u 'n al i phatic
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NN ol a1 kg AR BENE o B ori Rl PR RiGR FoRaRs it e e
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the |1 ko, i, s s FEobEer e, 3P -l RmyghediamiRes, the
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primary, SgeONFALYARBA, tHok! Hrfard L AGRs TBYck easusbsﬂdlné alpha-collidine,
gamma picoline, and the like, can be used. Especially useful are N,N,N',N'-
tetraalkylethylenediamines, butane-diamines, and the like.

Mixtures of such primary, secondary and tertiary amines may be used. A
preferred mono alkyl amine is n-butyl amine; a preferred dialkyl amine is di-n-
butyl amine; and a preferred trialkyl amine is triethylamine. A preferred cyclic
tertiary amine Is pyridine. The concentration of primary and secondary amine
in the reaction mixture may vary within wide limits, but is desirably added in
low concentrations. A preferred range of non-tertiary amines comprises from
about 2.0 to about 25.0 moles per 100 moles of monovalent phenol. In the
case of a tertfary 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



preferred nmono alkyl amine is n-butyl amne; a preferred dialkyl amne is
di-n- butyl amne; and a preferred trialkyl amne is triethylam ne. A.
preferred cyclic tertiary amne is pyridine. The concentration of primary
and secondawgoasse™ .in the reaction m xture nmay vary WRATYUSOM9A® | inmits,
but is desirably added in |ow concentrations. A preferred range of
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and cupri cfludie! Supretb Lﬁt@tété%nhaéud@l@%ce?étgammh SSFined Séde 8éonday
cuprous brom de and cuprous chloride, cupric bromdé and cupri chI oride,
cupric sul amines, mpﬁqngentratton 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.

Cupric halides are generally preferred over cuprous halides for the
preparation of the copper amine catalyst because of their lower cost. The use
of the copper (l) species also greatly increases the rate of oxygen utilization in
the early stages of the polymerization reaction and the lower oxygen
concentration .in the head space of the reactor helps in reducing the risk of fire
or explosion in the reactor. A process for the preparation and use of suitable
copper-amine catalysts is in U.S. Pat. No. 3,900,445 (Cooper et al.).

A faster initial reaction rate with the copper (I) based catalyst also resuits 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
8



fluoride, cuprous acetate and cupric acetate. Wth primary and secondary
am nes, the concentration of the copper salts is desirable nmaintained | ow
and preferably varies fromabout 0.2 to 2.5 noles per 100 nol es of
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the reactorto W"Brtéc%whebﬁh@méeﬁf@pmomlaﬂ waightutocoffset the tieds| eurlng

copper - am S

faster init %é{a %Eagg)?:“t |B§rt1|'5er%z§)tIa gk‘émértéhmﬁﬁté cglg‘ﬁ%sr? @ng%ggggqggﬁiltpi th&l so

resul ts in Pregeny invantien|affordsna proaess énwhish therRREIn ttmdrdeacticgdm_lraﬁumn in the
anount of h ) roduc

t et r amet hyI qﬁzgéﬁa&hﬁr%ﬁée%adrg%a& {eﬁjétﬂéy %g%(’re'ﬁ% 9§>/§gf’ P@f?'ﬁshfr porate
into the F’D& thafbag’i%simpllm BiVatdusing rare equitibratiom istepeqm(ajﬂ tHer aildﬂﬂ/e(rjeac't I ons
|l ead to a ty of the PPE due to the decrease

i n ol ecul ﬂ%"%"b@?ﬁ%e@@ﬁciﬁb@f‘g%w wei ght of the PPE fromthe

i ncorporation of the dimer. Mnimzation of the tetranethyldi phenyl qui none
during the Bé aalymsnizalinipreasgon s duefieratity pesforraed tim a sulvent. tSultabieop i n

ngher ¢ harcohenys, 8¥laispedy i T BbDEIn Gl gl phieils.| Araghf dpybits™ ' 1© @
equi | i br at iehdgs bemzetnacmimrte, dithibezene, wplenenand eddietdorpbénzend areat t he
especially preferred, although tetrachloromethane, trichloromethane,
dichloromethane, 1,2-dichloroethane and trichloroethylene may aiso 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.

One unexpected advantage of the present process to make low intrinsic
viscosity PPE is that a higher solids loading is possible as compared to
processes that make higher (i.e. >0.28 LV.) PPE. Without the increased
solution viscosity build that concomitantly accompanies high molecular weight
polymer, the final solids concentration can be 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. Although other
9



present invention affords a process in which the PPE in the reaction

m xture shows |ess than a 10%drop, preferably less than a 5% ‘dr op, nost

preferably less than a 3%drop in |.V. during an equilibration step after
t he oxi dat iW@00468Byneri zati on of the phenolic nononers. PEEYUSSVIHBri zati on
reaction is preferably perforned in a solvent. Suitable solvents are

di scl osed in the above-noted Hay patents. Aromatic solvents such as

benzene, t pldiRas sa&m%sbmn@ maldceng?, waidht netistuPdrRébe Az a6 &
especially preferred, although tetrachl or onet hane, trichl oronet hane,

di chl or onePredatermined dlrﬂﬂﬂt'ef‘oettrﬂ%mec%m@ g ¥ oPoctRBAfede RRSOMAWR O be used.
The wei ght cbﬁéérﬁra‘ﬂ&ﬁ V& Re a@géamonaaﬂrmnwnum May Bl e itikzédie range from

1:1to 201 i e. to a maxl mum 20-fol d excess of solvent. The ratio
bet ween Ivent and nonomner e in the range from21.1 to 10:1 by
e ore oo Bl 18V Ernhaul oFe Chdimtizalind Sabs ags e, Tetion oo

intrinsi C géhéefafy i rakigé¥lrons dtdat OaChthhﬁfou$®5°dS Im&dl &fér%bﬂgoiﬁé bl e as
conpar ed to processées that make .e. >0.28 Wt hout the

e read terobermion renascisdiony Sbott A65Cria acoh 45T whtths}/hm@eommres hi gh
ol eoul ar ) 60l B3eLPHio oher tiAby SO beRARERAERL RhERRURR, | noT cased

by at | eas I ncreases 0% nor e t he present
process af fsiedeaationsesanoercuo leadingrteaeactionduyeproducts iand 24 tteoperatites

producti vi tssng#ah Q ngfcggé%gg s%}% Sthé?ﬂﬂﬁorpunber of the reactor vessels.

The proces Ven'C I ons pol ymeri zation, such as
reaction tine, tenperature, oxygen flowrate and the |ike are nodified

balsed on t Héank&l&%@et%irgéﬂanmre@lﬂaimgmegt& may dierused imitee praRYce o of the
20 T o4 ERTESTRRONE F Ef l Bl 7 e

reaction. For example, sulfuric acid, acetic acid, ammonium salts, bisulfate
salts and various chelating agents may be used. When these materials are
added to a PPE reaction solution, the copper-amine catalyst becomes
poisoned and further oxidation does not take place. Many different materials
may be used but it is preferred to employ those chelating agents that are
disclosed in U.S. Pat. No. 3,838,102 (Bennett et al.).

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

carboxyiate complex.
10



nmet hods such as making ol ecul ar wei ght nmeasurements, running to a
predeterm ned reaction tine, controlling to a speci fied endgroup
concentration, or the oxygen concentration in solution may also be
utilized. ™eOWW#ATder ature to carry out the pol ynerizati onper/aspe2esy t he
invention generally ranges from about O0C. to about 95C. Mre preferably,
the tenperature range is fromabout 35C. to about 45C with the higher

reaction NP el mEdc éé%@ny&néorﬁsor{e%%%h% e?f(ga&w gﬂegy gq;h' gher

t enper at ures, i de reactions Can occur reac oducts and
at tenper atnﬁ%edsm%? Retimarizatiorpygaction by tbl’nghathe Lfserasﬁa liquitéiqeid! ut i on.

Nany i Ver saneiigeC Ul Srétorrch Shaiilh Sy TBY Pyl Ribosls t15Br act i ce of

the Invention to conplex wth the cataly ter thee
pol yrrer i zatinvention ésa%'ﬂ pawueoysovoletioany| l@wersalkanm.u ice. ag inixtuses of watewand anmmoni um

salts, bisypnf a be, u When

t hese nat e;é:naﬂﬁgrl ga‘!"h%d;% gﬁ 18 %h glgsE‘1 ?%@%ﬁ%é%msol%ﬁﬁ% Fﬂlﬁ( aBS@p P-ami ne
cat al yst bde @bput B(bél tssomelurrwan anraikaoo! ox piyasli maychaeempm/ed aklEheBﬁace Many
di fferent t hose

chel ati ng agentsg{/ hae are ﬁggﬁc}g‘gé’ é% qugp{ Ne{° u@%gg U8Bennett at
al .). The Uiqeifligxtrattahttoidiscreigemganic poasede pol yf unct i onal carboxylic acid
cont ai ning conpounds such as, for exanple, sodiumpotassiumtartrate,

bt ef er abl y Bt 2ot ediBfdlerdl’ boriodsCon SlBols HHOBTBAE' P car boxyl i <
aci ds, am ﬁ@kyémfc%ﬂb@iiwbﬁcutdizedm coratmatwawﬁbxm laquacugimedia to help
am nopol ycgg.,pgw,[al Ere%ﬁiltg on ad‘p {p’%c%%ykls rp%%eg %&ag&i? I | ¢ acids and

their alkall metal |ne earth an| kal i ne
earth met alappegpriste antesqlvesitds badedipartiatly |mcmaolmluwttmcbaafﬁderamfrtﬁé etraacetic

G et hyl eneroPook SPEER NS detil SELRIARH: e sBibes am poblynsgui cf er e
in water, log Ky, values at 25°C. are - 4.49, - 8.23 and - 11.96 for CuCl, CuBr
and Cul, respectively. Solubility in water is increased by the presence of
excess of halide ions due to the formation of, e.g., CuCl,, CUCI, , and CuCl,
and by other complexing species. Non-limiting examples of anti-solvents
would comprise low molecular weight alkyl and aromatic hydrocarbons,
ketones, alcohols and the like which in themselves would have some solubility

in the aqueous solution. One skilled in the art would be able to select an
appropriate type and amount of anti-solvent, if any was utilized.

One unexpected advantage of the present invention to make low molecular
weight PPE (i.e. PPE having an 1.V. in the range of about 0.08-0.16 dl./g.) is
the reduction in 1.V. variation and molecular weight of the PPE after the end of
reaction. In the processes of the prior art to make higher intrinsic viscosity
resin, i.e. L.V. > 0.28 dl/g., after the end of reaction the PPE is held at elevated
temperature, typically between about 45°C to about 70°C for; between about
45 to 90 minutes, while the catalyst chelating species as described above is
added and allowed to react. During this equilibration process, the previously

11



are et hyl enedi am notetraacetic acid or a nono-, di-, tri- and tetrasodi um
salt thereof and the resulting copper conplex can be referred to as a
copper carboxylate conplex. 10 WD 00/46273 PCT/ US99/ 29059 The chel at ed
met al | i ¢ cMI%#8373 conponent can be extracted with the waPEFUSH28Aced i n
t he pol ynerization reaction by through the use of a liquid/liquid
centrifuge. The preferred extraction liquid for use in the process of the

i nvention dssmbedquuanstﬂnmér qmeﬁélsl méeraral rRBAGN By-grodudts MofxiHeg' e of water
and an al kag havi n % froml to té‘a% ar bon atons. Generally from about
8 %&1 do

11% to abBX/falafPRE 'tﬁ‘ﬁ%rPBFat%trf” ¥5perg Pakhongajesitingninl &yed. These

ratios naydecessd i thebasiecllarOWeight @anabowt oflﬂmelPlPE”SrobMIu&%tgnﬁlsOf aqueous
l'i quid extractant&tjé gl screte or ani ¢ phase. The reaction nedia generally

conpri ses 9fFrER%R H@qué‘?ﬁT%'B veadnt {-Y, ebP#8rAlg atdthe angoofyeackian i zed i n
conbi nat i oiiMirop tb ki muspuﬁom%@dr/@ ah@.1 equumsrbt{&a t @%n%é@lgpfﬁ gl ON of the

copper (1) species. The selection of appropriate anti - vent is based

partially BreseRidN¥eiItion; piRRE baviag @ @F@ﬁtenéfOftTHE 1. Ve @b pbout( 0.1 13 gééa.i es that is
b { | |
ei ng pr ecqfdr é&uﬂi&ratBthh%'ab@'%ﬁ &, %f Eb@uh O’ 115‘8% Q%S}Jld&bjy‘?ﬁ%ng and Qul |

K(sp)val ues at 25C. are - .
respect i velhpt the,pigsent WWWW\B&QS@S ?smﬁﬁ@ﬂetagzsqpary a REEpthat basdesst  excess

of halide inaRsashie 4 QO%hQerorﬁ?’@fEl‘a‘BW Riss thal- abogrg 59, %ﬁf 3ng ARG Cud 4 and

by ot her conpl exi ng eci es li'mting exa [ -soI vents woul d
conpri se | B«ﬁ%b'éd@ﬁ%‘gawbgma abgropdnd. aldéﬁm ethlyratmaftems endket ones,

al cohol s aBpreEFlﬁo n.i ke which in thensel ves woul d have sone solubility in

t he aqueous solution. One skilled in the art would be able to select an

appropriate type and anount of anti-solvent, if any was utilized.
PPTOp by After removal of the catalyst, the PPE con)t/alnlng solution is

concentrated to a higher solids level as part of the isolation of the PPE.
Precipitation using standard non-solvent techniques typical for PPE having
I.V.'s greater than 0.28 di/g are not generally useful for isolation of low
molecular weight PPE due to the small PPE particle size and friability of the
particles. Very low yields are obtained with undesirable fractionation of
oligomeric species. A total isolation process is preferred for isolating the PPE.
As part of the total isolation, a portion of the solvent is preferably removed in
order to reduce the solvent load on the total isolation equipment.

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

The isolation of the PPE is typically carried out in a devolatilizing extruder
although other methods involving spray drying, wiped film evaporators, flake

evaporators, and flash vessels with melt pumps, including various
12



One unexpected advantage of the present invention to nake | ow nol ecul ar
wei ght PPE (i.e. PPE having an |.V. in the range of about 0.08-0.16 dl/g.)
is the reduction in |I.V. variation and nol ecul ar wei ght of the PPE after
the end of woeae?on. In the processes of the prior art tpctesentisgher
intrinsic viscosity resin, i.e. V. >0.28 dl/g., after the end of
reaction the PPE is held at elevated tenperature, typically between about

. . ' . ' t al yst
45C t o abogbmbfHatibRs ilvBhiElhe %&hod&%r’é%l%gﬂ&fﬁﬁé Pin %A\khe%?rlstt%ega alys

chel ating speci es as described above Is a 1 an 0 react. During
this equil iPEfatedn HBoRrBYIQUSlY hdessribed. oiptal yisalatiouyip (rateratsly Hom UB89/ 29059
descri bed Rilpafit thatiolBsmBRE SR ded ARt bR to' tRE sBMe the

oxi dati on lgr ocesst(i‘i1 ngg?prgr at e_&% n'gsf) t_hne&f)%ryner btgcligagr?gtf eés%%ﬁvﬁé ina
decr ease i Predipitaenec LikawisgeiigmiaticansieldsvareoextremelyPrighTand ldresnesat e t hi s

d : ; , f reaction
vmef:lr egfgp t%gggiﬁa{'@{/gﬂo%éafbegnﬁagg%g&g Ir%l ghogj '3’ g? 6‘%&%‘{ ??)tggfc' { %ﬁnﬁégﬁger sely, in
the presesemplelecthin iba, prier PREShSSlang a8 anyraptalystirdmainingiim saldtionokill about

0. 113 dI /g’nec@éstaﬂ[y &?Eg'%'@ﬂ@%@ﬂpw |l have an |.V. of about 0.115 dl/g. It

shoul d be apparen present invention affords a nmethod to prepare
a PPE that has | ess than about a 10%drop, preferably Iess than about a 5%
drop, and fReyplatilizing @xtruders| ernd prengssemh@re kaodm ior the art' and Yypichllyi ng

equi | i bratj; f ihBEreN e I 8aGh SAf rern. re tal yst,

t he PPE cor'I'?}aallv%i %S{“Q’E)F‘gﬁei onxﬁrgéerc_oﬁg%%??ﬁ'@d%t% g'p!ae hr&lgpg{ﬁr\egr %égtH}'gs%l?evel as
part of th&olveal amevalof In e PrEtice Af ctbie ppresentoimvestiony the aprébeatedon- sol vent

techni ques chygirfdled SuRRFCdHhAG thd PHE i§ 16l it (e deVBIRfAT ethidtr 2" © Ot

general ly use Isolation o
and maintained at a temperature less than about 275°C, and preferably less

than about 250°C, and most preferably between about 185-220°C with
pressures in the vacuum vent of less than about 1 bar. The resultant solvent
level is reduced to less than about 1200 ppm, preferably less than about 600
ppm, and most preferably less than about 400 ppm. Furthermore, it was
unexpected that temperatures as low as less than 250°C and preferably
between about 185-220°C would be useful and preferred as current PPE

having an LV. of >0.28 dl/g generally require a temperature of 300°C or higher
in similar total isolation processes.

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
L.V. 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 low molecular weight
polyphenylene ether resin, typically within the intrinsic viscosity range of about
0.08 di/g to about 0.16 dl/g, in a yield of over 90%, preferably over 95%, more
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nol ecul ar wei ght PPE due to the small PPE particle size and friability of
the particles. Very lowyields are obtained with undesirable fractionation
of oligoneric species. Atotal isolation process is preferred for

i sol ating t'WR0EI3 As part of the total isolation, a porRGTEIVIPhe
solvent is preferably removed in order to reduce the solvent |oad on the
total isolation equipnment. Concentration of the PPE containing solution is

acconpl i sherbférpblycalecioBt ahd most pasferablyi ?Vear?swﬁ\%@édfu?aﬁhbdﬁmrt \tN_hi lne
referably jncreasi the L. rature of the. PPE containing solution.

Igr essur esy8¢ m§g§{ﬁer§%h98&g®ﬁ%§ﬁn%%nggtilvpaqﬂuglm% th sol ution tenperatures
increased to at |east 200C, preferably of at least 230C. A solids |evel of
PPE of at Whentusi®pa dpvalatiizatidryextfudat fdrdhe totéiG86lation 6fitb@@PE, & wkrsi r abl e.

The i sol at | o] PE IS Leally carried out in a devolatiljzing
exte r :leer gﬂa Ho&hga%hg tﬁ@&a&grﬁ%ﬁg&?hv | §Br|aé(y°8‘?'WnQ? W%@a Pl m
evapor at or extridade éollowed fyr ctiopping tbecéxtrbdstb/inbgﬁagﬂleﬁ Qa\idﬂuﬁ@dcbpﬁﬁ@si .
[ di ' 0(46273 PCIT/ US99/.29 compi nati ons i nvol vi ng
el 09, YA e N0 R o P 3P e e S
pr evi ous! ylosemoleichiad weigtit #PH. st lwatsi foond mamrspré]aéla@élhéti%étm tbb%iqt)@_sf\r’]\'pm nt
' ' ' not - enov sane degree as w

L?gzzi 8: 'Itgt?P%rLl g\ﬁﬁ_gem g ,eas?agé#}g‘f"fltb%‘?'yi Z‘?ﬁfiﬂa&@%@iﬂuteénﬁ%}‘drﬁ ofiefa6® are near
quant i t at i pelletiZatine inchading qnesrwateu bélmtiheﬁwah?tqaﬁhtg;t fagrcrrgﬁgﬁl%qenr gg})\éf: Olrale

leted i n_ t dar process steps.as any catalyst remaining’
\(/:\A'O lrr}) © ngc eé@%{ﬁﬁﬁ}ghgﬁpggqsga%waﬁq SPF?é( ingpand pyikration %/mpzﬁet"@t'@t@ﬁ Widr s and
processes amderwatenpellgtizhtien esgeciig stiygbigal |y involve a tw n-screw extruder
equi pped with nultiple venting sections for solvent renoval. In the

practice of {LAE Rh&EeMedly ™ ¥6Md Wat tu%e%a?greapteﬁgtization 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 Yl > 50 achieved with the standard stranding technique. It
should be apparent that the present process affords a method of preparing a
PPE with a Y| of less than about 30, preferably less than about 25.

Another unexpected benefit of underwater pelletization of PPE, especially low
1.V. PPE, is that very low (less than about 3% by weight) fines, defined as
peliets (i.e. pérticles) of less than 850 microns in size, could be obtained. It
should be ciear that the present invention includes a method to reduce the
number of fines having a particle size less than about 850 micron in
polyphenylene ether wherein the method comprises underwater pelletization
of the polyphenylene ether resin. A preferred embodiment includes a method
to reduce the number of fines having a particle size less than about 850
micron to less than about 3%, preferably less than about 1.5% by weight
based on the total weight of the pellets.
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concentrated solution containing the PPE is fed into the devolatilizing
extruder  and ‘maintained at a tenperature | ess than about 275C, and
preferably |l ess .than about 250C, and nost preferably between about
185-220C wiwboogzmssures in the vacuum vent of |ess than pbrusesksdssr. The
resultant solvent I|evel is reduced to |ess than about 1200 ppm preferably
| ess than about 600 ppm and nost preferably | ess than about 400 ppm

Furt her norene cbiletisy P Pst quﬁ t han 250C
and prefer ab‘? bet vvegﬁ Igut %%BEQ%S% I%u#'&a%%?tabgandﬁ tbgfaa red as
current PPEC|UHHQ|Q$QtfﬁI#9a| dWEI'&f baich 2g cantinyloye wvenidryers,eftuid rbedsu. anghper at ur e
of 300C or,Biaer 0 e not her unexpected
resul t obttglgng% E?géa"ﬂ*ﬂhéatﬁsée@%pbrobgevo %té}l ?éﬁtg&i %rfﬁ &!i’s t he
extremely cmtglrmlpedabmone oPsiill incthe evtodthiont uhduepexpeeismntdtion. exanpl e, a PPE
yield of over 99% was obtained even for PPE having a low 1.V. whereas in

Lhe pr eci Al BatoAIS ded &7 %8rekdiR8hrb hcbhfordeli neldiff by iGtbtbrh Simlar Tow 1.V,

PPE was | ess than 90% the prese process”’conprising a

devol atilizi ng extruder affor ds a nethod to prepare | ow nol ecul ar wei ght
pol yphenyl ene ether resin, typically within the intrinsic viscosity range
of about 0.08 dl/g to about 0.16 dl/g, in a yield of over 90% preferably

over 95% mwr@erJtBaMﬁbwélélﬁéBﬂa A1t UROBé BQ@&%BMRi‘ﬁrraeﬁ%é’th@{ﬁ‘{] nﬂér(o and nost
preferably, ove 99% ) ged on t he anmount _of nonoval ent enol utilized

in the OX|t83tfP E%LﬁB‘ Aiveaiygway sl Jistration and aet bmwa)rd@fr for the
total isollmitatienof the PPE, it was found that traditional underwater or
wat er spray cooling of strands of extrudate followed by chopping the
extrudat e érLt"? lg)el | et s gave unaccept abl e

Polymerization Reaction:

A typical laboratory reaction recipe and reaction conditions are indicated
below:

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
fiteen 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 I.V. of about 100-107 minutes. '
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results presumably due to the low nelt strength and inherent brittle nature
of low nolecular weight PPE. It was found that special pelletization
techni ques can overcone these difficulties. Useful techniques include

di e-face pebbmisemati on, including underwater pelletizatirrspskeddoaki ng,
declining angle strand pelletization using water spraying, and vibration
drop pelletization with wunderwater pelletization especially suitable. It
was unexpect ed| ravat i

significantly I%@gg@gt Ehﬁ)}ndﬂn’&ﬁg é@%éég"?&bﬁtb@%ﬁ%@t Egaggtnaﬁggrlﬁ strandi ng
wi t h wat ergeneralc Gealpalef & | cpmRmensial p@pcesaegapamndt eutrin goemmextidll owness

d YI th 25 hi bl
o conpar SHRCG UL LARE 6fEh Y né BREUFINGERS Si T anding techni que, 1t

shoul d be apparent that the present process affords a nethod of preparing a
PPE wi t h oEayilitgationsss than about 30, preferably |ess than about 25. Another
unexpected benefit of underwater pelletization of PPE, especially low 1.V.

PPE, is thmtthagra\ss It \%%Selt mrboaﬁgﬁéaéaggm%c{%@&%ed‘s !I> ng‘e acdglgfohned as

pe||etS(I. : artlcle?( | ess 1

obt ai ned. 9% ‘%ﬁ%ﬁﬁ’@”ﬁi’ @@tg‘otqa@g{»c @sld NEA)ear othey coppen comelexites a et hod
to reduce jiduntimeraBeto Qﬂuﬂ'“z@%mhﬁyh@g&c@smaﬁﬁlﬁbgeSI ze |l ess than about 850
m cron in pol yphenyl ene ether wherein the method conprises underwater
pelletization of the polyphenylene ether resin. A preferred enbodi nent

i ncludes a nmethod to reduce the nunber of fines having a particle size

| ess than about 850 mcron to | ess than about 3% preferably | ess than
about 1. 5pMbyhgrmeght |[kagednian the total weight of the pellets. 14 WO

00/ 46273 PCT/ US99/ 290%9

Temperature: ca. 55°C

Removal of complexed catalyst:

Typical conditions for a liquid/liquid centrifuge on a commercial scale are as
indicated below.

PPE solution feed rate to the 1* L/L centrifuge: 10 m%hr

water feed rate to the 1% L/L centrifuge: 100-200 V/hr

PPE solution feed rate to the 2™ L/L centrifuge: | 0.5 - 0.8 m¥hr

water feed rate to the 2™ L/L centrifuge 100 l/hr
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" The coll ected PPE pellets can be dried using techniques standard in the art
I ncl udi ng centrifugal dryers, batch or continuous oven' dryers, fluid beds,
and the like. Determ nation of an appropriate set of conditions can be

readily dewgyosqges by one of skill in the art w thout unggmusee90s9
experinmentation. Al patents cited by reference are incorporated herein by
reference. In order that those skilled in the art will be better able to

practice thopicH\VRald f J a Lven, by way of
illustrati I(‘)rgpland notuggy a\t,%é/ﬁ gf éﬂ‘*“?%?ﬂ@%n%rﬁ@%& {/]'rr%‘%/qté@é? on

Reacti on: Are yptetas lpwias: 10 ppm @adtdopper as iqwe aa ol ppAC Sufstisiiditt | ons are
I ndi cat ed I t { n_be.prepared by stirring 0.41 g
of cuprous v@%rfg%ﬁ%gﬂ%ﬁgéfgé%%éngg %c’irﬁfﬂs y‘fonﬁfﬁoqﬁlég qvﬁ'%@%‘:ﬁ{‘t”&fgeb ol uene. -
The cat al y#ithegt negativef effectdon dhe emse ofi separation '?deiliRioh fidalies €qui pped
with an in ' GOl d.inlet tubes for oxygen and nononer. A
rapi d st regﬁdgﬁéyd%ghn%sh'%r# P@'@W&%&xﬁ%%tp"t ﬁ@p%o'f‘t&?u %PdttﬁethPe%'?:t or and a
sol uti on oferntdfuge®inlywater withoat addittonbk0MTAl is @fidé®! uene i s added t hrough a
metering punp, over a period of fifteen mnutes, to the rapidly stirred

sol ution. E@g@}ﬁﬁ@h‘ure Is maintained initially at about 40C to about
45C/ 48C t owar ds e end of the run by <circulating water from a const ant
t enper at ur$ bath through the cooling coil. Mblecular weight build is
cont i nuousi' YPIER EPPBitiRRs fr ercammeisiat arale @oe a5 followisneTHeoPPE abatining V.  of

about 100- d&}dtidH BYrES 1 / 59 Al though the
conditions are f O'I:B a ﬁaé_o}aé\tgégﬁéélggrg orl?gzg&l‘%égﬁ‘@%g? Aressure of ca. 40
bar. The solution is flashed to low pressure in a flash vessel a PPE solids
content of at least about 65 %. The high solids level is desirable to reduce the
solvent load to the total isolation equipment that would have been present

without preconcentration. Typical conditions are tabulated below:

P befo_re 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

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.
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general scal eable to commercial processes carried out in comercial

equi pnent w t hout undue burden by one of skill in the art. Equilibration:
In the glass reactor vessel, the copper catal yst was conpl exed by'the
addition afoewsompl exant like nitrilotriacetic acid (NTACT@MSIEOOsRr copper
complexing agent in order to solubilize it in the aqueous |iquid phase.

M xing tinme: Tenperature: ca.70 mn. ca. 55C Renoval of conpl exed catal yst:
Typi cal conditions for a liquid/liquid centrifuge on a comrercial scale are
as indicated bel ow PPE solution feed rate to the 1 S UL centrifuge: 10
n8/ hr wat e ate to the %a UL centrifuge: 100-200 |/ hr PPE sol ution
feed rate )()oufaﬁéeéngs Eﬂ'"@@ﬁ'le 9 figtabledelovy g8 ng/hr water feed rate to the
2"d L/L centrifugel00 I/hr 16 WO 00/46273 PCT/ US99/ 29059 Typi cal residual
wat er and| Teppen cont ent s| e lzoeued aftef the 11' centrifuge are water as

| ow as 1500 ppm and coppef as low as 0.p ppm Surprisingly it was found
that the ed \, A—be—rectfet a* eg—eoenstant |y over the centrifuge, wthout
negati ve eT]z%‘? on the eake @P0 Leparatipn or enul sion formation tendency,
hence achjeving nmultiple extraction steps. In the feed to the 2nd
centrifugeTeshy3water, w &phoasditronpl NTA is added.

T zone 4 ca. 195-200°C
T zone 5 ca. 195-200°C
T zone 6 ca. 200°C

T zone 7 ca. 200°C

T zone 8 ca. 200°C
Tzone9 ca. 200°C

P back vent ca. 0.8 bar

P 1% vacuum vent ca. 0.8 bar

P 2" vacuum vent | ca. 0.7 bar

P 3™ vacuum vent ca. 0.72 - 0.75

bar
Screw rpm ca. 294
Extruder Torque ca.30-38 %
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Preconcentration: Typical conditions for a cormmercial scale are as follows.
The PPE containing solution is preheated to a tenperature of at |east 240C
a pressure of ca. 40 bar. The solution is flashed to | ow pressure in a
fl ash vesseloaom2i sol i ds content of at |east about 65 Y%ciigoRb@h sol i ds
| evel is desirable to reduce the solvent load to the total isolation
equi pnent that woul d have been present W t hout preconcentration. Typi cal
condi tion e—t-abti-aied efore¢ the flash vessel:40 bar T before
the flash 5?&%%‘%’3?3@"1‘-""?65%? dfoaque tofthe flash tank:0.7-.87 ton/hr T
after-thelflash vessel 114]- 126C Total isolation: The isolation is

preferably carried out in a devolatilizing extruder. The preferred
devol atilizing extruder is a co-rotating twin screw extruder with a

backfeed c || r sectjo a preferred
to achi evg1 ow ud hét@%"ﬁ:thgfetw l%kW%gﬂlﬂé‘§$§UIa / Eﬁ%wg&géiFTypi cal
settings am@lntaldlnga@@stllem lole rasichiab sbiykentvleveélsz on ¢hel @ad lﬂ'ﬁﬂﬁ‘ctTPPCEne 2ca.

200C T Zongragggknéxglg@ he 81 andGRving 1. 200 %t Ted 28 %F}g ats Rofatogat  20Ne bca.

200C T zon
300°C or above under similar conditions.

Other configurations and modifications can be used as well, like different size
and number of venting ports, other screw design, sequence of feed ahd
venting sections. Also the preheated feed solution can be added in. any
solvent concentration with flashing either partly or totally in the devolatizing
extruder.

The low melt strength of the low molecular weight PPE's requires special
pelletization techniques compared to normal IV grade PPE materials. The
table below shows typical settings for the underwater pelletizer:

Product throughput: ca. 240 kg/hr

Melt pump feed | ca. 6 bar
pressure:

Melt pump product | ca. 95-100 bar

pressure:
Die temperature: ca. 300°C
Water addition rate: ca. 10 m*¥hr
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T zone 8ca. 200C T zone 9ca. 200C P back ventca. 0.8 bar _
P 3rd vacuumventca. 0.72 -

ventca. 0.8 bar

P 2nd vacuum vent

ca. 0.7 bar

P 19

vacuum

0.75 bar Screw rpnta. 294 Extruder Torqueca. 30 - 38 % 18 WD: 00/ 46273

PCT/ US99/ 2906 90/86213 uder

not or Anp

ca. 85 -
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sol vent
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106 It was unepgqram®zhosdhat such
mai nt ai ni ng excel | ent
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d nodifications can be

venting ports,

ot her screw

Al so the preheated feed
on with flashing either

Pel | et ozati one
equi res speci al

ade PPE materi al s.
settings for the underwater pelletizer:

The | ow

The

The pelletized low molecular weight PPE, which is inherently very brittle,
unexpectedly had a low content of fines. Fines levels of less than 3% by
weight below 850 micron, preferably less than 2% by weight, and most
preferably less than about 1.1% by weight can be achieved by the process.
Modifications are achievable without undue experimentation of the die design,
rotating knife speed, temperature and throughput, the particle size can be
readily controlled to desired values.

In order to further highlight some of the unexpected results obtained in the
present process, the following tables compare various properties and
characteristics obtained for low molecular weight PPE as compared to a PPE
having an L.V. of 0.48 dl/g prepared as described by methods known in the
art.

The table below compares two batches of low molecular weight with an
end of reaction L.V. of about 0.11 dl/g to a batch of high molecular weight PPE
having an end of reaction I.V. of about 0.48 di/g. After equilibration, the I.V. of
the high molecular weight has dropped by approximately 20% whereas the
low molecular weight PPE batches have remained constant within
experimental error of the test method. After the PPE samples had been
treated to thermal processing in the melt, the low molecular weight PPE
samples again remain fairly stable in L.V, with less than 5% increase in 1.V.
Conversely, the high molecular weight PPE has an increase in |.V. from about
0.38 after equilibration to about 0.485 after melt processing, an increase of
about 25%. It was unexpected that the low molecular weight PPE prepared in
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Product throughput:ca. 240 kg/hr Melt punp feed ca. 6 bar pressure: Melt
punmp product ca. 95-100 bar pressure: Die tenperature:ca.3000C Wat er
addition rate:ca. 10 nB/hr 19 WD 00/46273 PCT/ US99/ 29059 Rotating knife
rpmca. 360@oMieirat enperature: ca. 90C Centrifugal dryer mpefhRsondsp0 The
pelletized | ow nol ecul ar wei ght PPE, which is inherently very brittle,
unexpectedly had a | ow content of fines. Fines levels of |ess than 3% by

wei ght bel ! p raply e n. 2% wei ght .. and. nost

pr ef er abl y‘?t}f\%j:?@ﬁ%ﬁffrgg%s&t (@L@ ﬁ/o%% aﬂe?gh{t@aﬁﬁﬁé’b&?ﬁi @38&9%}1& @ process.
Modi fi cat i dnroughaut aeduiilibratidne and tthenmal uprdoessingd ¢hdatingtiata ¢e edelt b di e
design, raqtati knife eed enper at ure hr oughput, the particle

si ze can bé& o?‘{e@%i ’F‘{P“i%%fdfaﬁ’%#q %'P'H’é%si’rcéd 265%:1%%’ lowmgleguliar tygighty t her

hi ghl i ght  spaRa080dT=for ARHAARGIEQHar WSiHht)S Obtained in the present process,
the follow ng tables conpare various properties and characteristics

obt ai ned for | ow nol ecul ar wei ght PPE as conpared to a PPE having an |.V.
of 0.48 dl/g prepared as described by nmethods known in the art.
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The tabl e bel ow conpares two batches of |ow nol ecul ar weight with an end
of reaction |.V. of about 0.11 dl/g to a batch of high nolecul ar wei ght PPE
having an end of reaction |.V. of about 0.48 dl/g. After equilibration, the
I. V. of tiwobighranol ecul ar wei ght has dropped by appr oxinoatshy29849% wher eas
the | ow nol ecul ar wei ght PPE batches have remai ned constant w thin
experimental error of the test method. After the PPE sanples had been
treated to thermal processing in the nelt, the | ow nol ecul ar wei ght PPE
sanpl es agaln remain fairly stable in I. V W th Iess than S%increase in
l\éfa@r thﬁﬂmaIHBrocessi ng,

l.V. Con A
W bAkta"hn of b'-bout @ftqe i
&%cé&ﬁ‘\ | ecul ar wei ght

f rom about PP@% Rd8f t er eq

an increase of -about 25% %g
46273 CHUSE)%QOS% t hel present™ process woul d
ess than aboyf, 5% throuhout equi l i btation and

PPE prepared in 20 WO 00/
have an 1}V. that varied | {/

thermal processing (heating into the ng d/9} or  abokd®) 2 ninutes to about
20 m nutes, ca. 200C for ljow nol ecul ar|{ wei ght and| ca. 300C for {high

nol ecul ar | ew gidleculatiweihtdW. #6822 /3 PCT/ |Lp995 29059 PHE 14§ ageRzv- at end
of I . V. af g EV after thgdrmal reactiop (dl/g)equi]ibrationprocegssing

(dl/g)(dl | ecul ar} wei ght 0. 113D. 1150. 116 -| 0. 122 PPE batch 1 Low
nol ecul ar melqhto 1140.1160. 116 - 0.12p

Low molecular weight | 0.114 0.116 0.116 - 0.122

PPE batch 2

High molecular | 0.48 0.38 0.485

weight PPE

It should be ciear from the data in the above table that the present
invention include a method to prepare a low molecular weight PPE that has
less than about 3% change in LV. through equilibration. It should also be
clear that the present invention aiso includes a method to prepare a low
molecular weight PPE that has less than about 5% change in L.V. after
equilibration and through thermal processing. Furthermore, it should also be
clear that the-present invention includes a PPE that has less than about 3%
change in L.V. through equilibration. Also it should be clear that the present
process also includes a polyphenylene ether resin having less than about a
10% change in intrinsic viscosity after an equilibration step following the
oxidative coupling and after a thermal treatment at 200°C for about 0.2
minutes to about 20 minutes.

The table below compares the level of copper remaining after the
catalyst extraction steps. As can be seen from these data, the low molecular

weight PPE has less than half the amount of residual copper remaining in the
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" PPE batch 2 High nol ecul ar0. 480. 380. 485 wei ght PPE It shoul d be clear from

the data in the above table that the present
prepare a | ow nol ecul ar wei ght PPE that has
t hr oughoegas2?3 br ati on.

. V.

It should al so be

i nvention include a nethod to
| ess than about 3% change in

cl ear that pdhresoppasent

invention also includes a nethod to prepare a | ow nolecular weight PPE

t hat has |

ess t han about

5% change in I.

t her nmal p“ﬂﬁ@ﬁ%lé‘ﬁd pcaa&daenmé@uné o a4

i nvention

i ncl udes

hat has l'ess t

V. after

h

t hr ough eq@nisfisetfer WPFOWDQ@Q ¢atalystemonel. cl ear that the pr esent
al so includes a pol yphenyl ene et her

& @b,

an abou

R e PEE

equi i brati on and t hrough

r]athﬁwe pr esent

process

resin having |less than about a 10%

change in intrinsic viscosity after an equilibration step follow ng the

oxi dative coupl | ng and after a thermal

treatnent at 200C for about 0.2

| evel of copper

seen fromthese

b anmount of

29059 fi nal

PPE woul d have an
i PPQopm Cu fi nal

m nutes t @ 20—mnut-es—TFhe—t w-_conpares the
remai ni ng EHEE‘?' cat al y%‘imexPPacPP(% BRMA 4! fingd peaduche
data, the}l ow nol ecul ar wegcgmonPlalﬁehaq;st ess than hal f t hq
resi dual c¢opper renaining WO PO/ 46273 PCT/ US99
i solated product. It was un%@cég%d that|the 1.V. of the
effect fof inproving the cptalyst renoval. PPE G adeppm G
product soOLewi dleaila®ieight 0.6 rTTUGE |13

PPE (0.11 di/g)

High molecular | ca. 5 ca. 8

weight PPE (0.48

di/g)

The table below compares the devolatilization extruder temperature

range and residual toluene level remaining in the final isolated PPE.

It was

unexpected that the extruder could be operated at a lower temperature range

and obtain residual solvent levels that are as good or better than obtained

with higher temperatures for a higher (0.48 1.V.) molecular weight PPE.

it

should be noted that the extruder cannot be operated at the lower
temperature range with 0.48 1.V. PPE without exceeding the torque rating of

the machine.
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Low nol ecul ar weight0.2 - 21-3 PPE (0.11 diI/g) Hi gh nol ecul arca. 5ca. 8

wei ght PPE (0.48 dl/g) The table bel ow conpares the devol atilization
extruder tenperature range and residual toluene |evel remaining in the
final isol ayeduklls |t was unexpected that the extruder gegdopswoper ated
at a lower tenperature range and obtain residual solvent levels that are
as good or better than obtained wth higher tenperatures for a higher
(0.48 1.V.) nolecular weight PPE. It should be noted that the extruder
cannot be operated at the lower tenperature range with 0.48 |.V. PPE

wi t hout exceeding the torque rating of the pachine. 23 WD 00/ 46273

PCT/ US99/ 28650Crte G adeEx{t Fxfeusier zone zpper| pehuctoluene f imalindldnper at ur e
rangepr odjyict Low nol ecul ar | : 0 -, 450 PPE (0.1% dl/g) High
mol ecul ar 245 - 300Cca. 300 w@%ﬁ?&%@gp@?&%s dl /g) The flol | owing table
conpares the level of dibutylanine (DBA) lincorporated in the |ow nol ecul ar
vei ght PPELew mojeclaewelght | {RE200% as | 260 - 450
PPE (0.11 dl/g)

High molecular | 245 - 300°C ca. 300 - 500
weight PPE (0.48
dl/g)

The following table compares the level of dibutylamine (DBA)
incorporated in the low molecular weight éPE of the present invention as
compared to the level incorporated into high molecular weight (0.48 I.V.) PPE.
It was unexpected that such low levels would remain in the low molecular
weight PPE. It should be clear from these data that the present process
affords a more cost effective and environmentally friendly PPE process as a
larger proportion of the dibutylamine remains with the solvent stream and can
be recovered and recycled.

PPE Grade DBA content of final
product

Low molecular weight | 0.15-0.28 %
PPE (0.11 di/g)

High molecular | 0.9-1.0 %
weight PPE (0.48
di/g)
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conpared to the level incorporated into high nolecular weight (0.48 |.V.)
PPE. It was unexpected that such low levels would remain in the | ow
nol ecul ar weight PPE. It should be clear fromthese data that the present
process afwonossa nore cost effective and environnental | yefusspolsy PPE
process as a |arger proportion;of the dibutylamne remains with the
sol vent stream and can be recovered and recycled. PPE G adeDBA content of

final product L j -0.28% PPE (0.11 dl/g) High

mol ecul ar 0. 9- 1. ‘8@2‘%&‘3&’#%@&“?’895@931%?#5ﬂpmeaﬁﬁqem 'P@Z\U 29059

Thus, the pRYSEMAN ineereatsteshainme ledelsofdegy ME%OBPO.WSylmﬁ.b\égegPE havi ng
I t

an i ncor pogatigs ] of |l ess than about 0.3% by wel'g ased on the
wei ght of the P‘gg&lllﬁfeijg\%n% ot her enbodi nents shoul d be apparent fromthe

di scl osure_ contai ned herein. 25 WO 00/ 46273 C ai ns: What is clained:
PCT/ U899/2§UB§P and other embodiments should be apparent from the disclosure

contained herein.
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1. A process to produce a pol yphenyl ene ether resin having an intrinsic

vi scosity between about 0.08 dl/g and 0.16 dl /g when neasured in chloroform
at 25C, said process conprising oxidative coupling in a reaction solution
at | east ovmoomszmoval ent phenol species using an oxygen earusywirsy gas and
a conplex nmetal catalyst to produce a pol yphenyl ene ether resin having an
intrinsic viscosity within the range of about 0.08 dl/g to about 0.16 di/g
as neasur@@dim$t chloroformat 25C, recovering the conplex netal catalyst
with an aqueous cont ai ning solution and isolating the pol yphenyl ene et her
resin thmg vol t| l'i zati on of the reaction solvent. 2. The process of
claim1l "’("HE process further conprises an equilibration of a netal
chelating agent-with the conplex netal catalyst. 3. The process accordi ng
to claim?2, wherein the Intrinsic viscosity of the polyphenyl ene ether
resin after the equilibration has less than a 10% change in intrinsic

Vi scosity as | Lb i e roc of claim.1, wherein
the devol atify §’2‘1’?§§5nt“{’13"§@%88n%| %él?“é?”%%ﬁ%’t g‘ék’l"gvﬂ‘ HNnsic’
devol at i | i visaosity beteteendzbout 608Tﬂfg oo 66 allg)f/vheh me”aséred/Vﬁth&irBfoFrﬁe

n extruder is at.leas par t erated at between about

devol atili aéérﬁ é P/ E‘

185- 220C. % & SHP JURERSSFOmrising Xidatiye GauRing i a seRgtiopFolioneatt has a
sol i ds | eveastafne mbnowett pnbaut féshsed B inoritAhf d}h%
devol atilization extruder. 00/ 46273 P S99/ 29058 Tme process of

claim1, VHRSRISX, meid %FVB%%W@H@"’& H@WW%@M‘W%E@WF desin having about a 10%

drop in i nhtrinsisi iscosRE Mthiry thafl faigeast st 10,08 alid @8 abbEPof1@ hphsy the
oxi dative couspl i ng
measured m chloroform at 25°C; recovering the complex metal catalyst with

an aqueous containing solution and isolating the polyphenylene ether resin
through devolatilization of the reaction solvent.

2. The process of ctaim 1, wherein the process further comprises an
equilibration of a metal chelating agent with the complex metal catalyst.

3. The process according to claim 2, wherein the intrinsic viscosity of the
polyphenylene ether resin after the equilibration has less than a 10% change
in intrinsic viscosity as before the equilibration.

4. The process of claim 1, wherein the devolatilization is accomplished at
least in part with a devolatilization extruder.

5. The process of claim 4, wherein the devolatilization extruder is at least
partly operated at between about 185-220°C.

6. The process of claim 4, wherein the reaction solvent has a solids level of
at least about 65% before feeding into the devolatilization extruder.
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8. The process of claim1, wherein the pol yphenyl ene ether resin has |ess
t han about a 10% change in intrinsic viscosity after an equilibration step
foll owi ng the oxidative coupling and after a thermal treatnment at 200C for
about 0.2 mwvoubae&?s o about 20 m nutes. 9. The process of @lcamugyolzopdoer ei n
t he nonoval ent phenol species conprises 2,6-dinmethyl phenol. 10. The
process of claim1 wherein the pol yphenyl ene ether resin has an

i ncor por at el aWenFoceust 6Mélaind 1| : % by wei ght based on the
wei ght of the pglr?&]h?nyl(ﬁne. et hgﬁafééil?n% B?QHF'&['B’&% 8&‘85?%@ h@sdess 1 wherein
the devol at AN 28tk 10% diee intrinsicadsassity pftersan equilitmationstep féllowing

devol ati | i ztheioxitlativé &mhg_and an underwater pelletizer. 12. The

pol yphenyl ene ether resin having an intrinsic viscosity between about 0.08

dl/g and 0.16-dl/g of claim1l, 13. A nethod to prepare a pol yphenyl ene
et her resi ngl't Eﬁ% Fﬁ%%esﬁe%fsc'?'ﬂ‘a?\' whergin the nolyphEnylenenethat rasirsihas YessCOSi t Y

af ter equi Ithhm adboat.,a $0%dchat i S L OXkEdative caupling in a
reaction sofl tion ata I_eas_f or?eaoﬁoﬁgval‘ieﬁliéagﬂgﬁ)éhg'agﬂeﬁqlﬂ@rg@%gte&n oxygen
cont ai ni ng 8@%’”‘%91&“%1 oXidhatye: gouplingl anchafter attheonaltreximent at RobAPRENY! ene

et her resi rapdavd.2dminltdstd abhst ' sity within the range of about 0.08
di/g to about 0.16 dl/g asabﬂgﬂa@u%ﬁangﬁﬁosn chloroformat 25C, equilibrating a

nmet al chel ?i a&)@gt ith the conplex netal catalyst to prepare a
chel ated conp! ExPIERST OLelaim § sthereia dhs monnyalentephenel speibesmbrides et al

en
cat al yst wiérdimetRylplsiées. cont ai ni ng sol ution; and isolating the
pol yphenyl ene ether resin through devolatilization of the reaction solvent.

27 WO 00/ 4873, PCT/ US99/.29059 _
- The process of claim 1 wherein the polyphenylene ether resin has an

incorporated amine content of less than about 0.3% by weight based on the
weight of the polyphenylene ether resin.

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

12. The polyphenylene ether resin having an intrinsic viscosity between about
0.08 dl/g and 0.16 di/g of claim 1.

13. A method to prepare a polyphenylene ether resin that has less than about
a 10% drop in intrinsic viscosity after equilibration, said method 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 having an intrinsic viscosity within the
range of about 0.08 dl/g to about 0.16 dl/g as measured in chloroform at 25°C;
equilibrating a metal chelating agent with the complex metal catalyst to
prepare a chelated complex metal catalyst; recovering the chelated complex
metal catalyst with an aqueous containing solution; and isolating the
polyphenylene ether resin through devolatilization of the reaction solvent.
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14. The nmethod of claim 13 wherein pol yphenyl ene ether resin that has |ess
than about a 10%drop in intrinsic viscosity after equilibration. 15. The
nmet hod of claim 13 wherein the nonoval ent phenol species conprises

2, 6-di met hwqtvewizyB. 16. A nmethod to reduce the yel | ownes®cCirnvdeseoeh

pol yphenyl ene ether resin, wherein the nethod conprises oxidative coupling
In a reaction solution at | east one nonoval ent phenol species using an

oxygen colnﬂ‘aiTmie{rﬁemd cﬁ_mﬂaiﬁ 13 oApleiX pﬁl‘??ﬁénw&feaét}iéﬁ rés{iht maQﬁh;é feds

pol ypheny [ sin having.an iptrjinsic viscosity within e range
of about Oﬁ{%@ ag’f’}‘gaﬂ@%a‘éfBBf" @F'Y%'Cd'?@s%a}‘MH'P@i'Onn chloroform at 25C;
recovering the conplex netal catalyst with an aqueous containing solution

and i sol at inghetmeethod phtiainy I 2mberdihtie mesdvalent Bhént) Bpeau®temhphidesat i on of

the reactiggp_ erein the devolatilization is acconplished at
| east in pg’?tﬁ'\?’mgﬁmgeaé\@ol atilization extruder maintained at a tenperature

| ess than about 275C. 17. The nethod of claim 16 further conprising
under wat er Ipé& methogata teduce thdrgellpoiesshinden ehpolgbheryldrrs bther $&sin,The net hod

s Teas t napdaR, e oo BB R cclaihg i 5 earpa: SR8 fomoval ont |
phenol spdeagsonecmnpova;w rheBolspesidsydgiiteanloxygéh cditainiy yahenyhene et her
part i cle o ruipd et et SELT BB BBl Rneriions sifve Tppnbaaman wner oi n
t he met hodnisipaisr visesity withir theet engpedl atidut a0 aI/g fto t4bouP @l deBRgRsENe et her
resin. 28 ¥O.Q064 ?r‘?gg’ioroform at 25°C; recovering the complex metal catalyst with

an aqueous containing solution and isolating the polyphenylene ether resin

through devolatilization of the reaction solvent, wherein the devolatilization is

accomplished at least in part with a devolatilization extruder maintained at a

temperature less than about 275°C.

17. The method of claim 16 further comprising underwater pelletization of the
polyphenylene ether resin.

18. The method of claim 16 wherein the yellowness index of the
polyphenylene ether resin is less than about 30.

19. The process of claim 16 wherein the monovalent phenol species
comprises 2,6-dimethylphenol.

20. The polyphenylene ether resin of claim 18.

21. A method to reduce the number of fines having a particle size less than
about 850 micron in polyphenylene ether wherein the method comprises
underwater pelletization of the polyphenylene ether resin.
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~ PCT/ US99/ 29059 22. The method of claim 19 wherein the pol yphenyl ene et her
resin has an ‘intrinsic viscosity within the range of about 0.08 dl/g to
about 0.16 dl/g as nmeasured in chloroformat 25C. 23. A process to produce

a pol yphenyenes@iher resin having a glass transition t epRRUGIHsMRe i N t he
range of about 150C to about 160C, said process conprising oxidative
coupling in a reaction solution at |east one nDnovaIent phenol species

using an 0%yof{y ﬁ%ﬂﬁ@d Bt T Areth G ﬂ?ﬁger\\ﬁl ﬁ-tesl mm%oggreoduce a

polyphenylene et resin aV|n an intri range
of about  OlrdEnsic Mvscesityawishin tbeJrangb lof absutroABudILyl to b6t 018f @fgTagt 25C,

recoveri ngﬂ&gyﬁeqﬁéﬁ%rﬁgmﬁggﬁl yst with an aqueous contai ning solution

and isolating ther resin through devolatilization of the
reaction solvent. 24. The process of claim 23 wherein the pol yphenyl ene
et her resi A3.Haprogass torprodyes alpels?pbmﬂmecéthémbmﬁavir@ﬁé graagr&aagw,; . 3% by

wei ght bas ght enyl ene ether resin 25. The
process of F%I'&é}a&g% '%v%%e%qu he ﬁ?'@pi’\éﬁgﬁ é%é‘bé‘f’hétsor@s |Sﬁ'dhaBDC§SS resi dual
vol ati | es templisiog obaelaﬂvé bemplsabquta ARG BLIRAGSE dt Rast Bﬁe"r‘ﬁé the

pol yphenyl ther. re A process to produce a polyp eny ene et her
resin havi ﬁ@e'h‘ﬁ SPRY'?S H§'P3 a"\ﬁ’%’@%’é F?@ialﬁ'@’t&ma%a@pml%metal gatalydt 0. 16 dl / g

when rreasutoeptodoce:hIpofyphéﬁmn@éth%ﬁ%sﬁﬁéﬂn@éﬁ%ﬁﬁsﬁ@’&fx% \R g)frl. dative
coupling in a r?gga@t?ﬂnpgol ution at |east one nonovalen espeC| es

usi ng an o&nger AU tpaabouh@- 14 diigcamneasured i crdatoﬁdrmsat 250Cpr oduce a

pol ypheny| geevéiriethe’ I asi cQsi.t | n the range
of about 0.0 v ,J;ge to@cggggthqgé@gc }yS{ el é]?a ugé tﬁ%fr@r 8P'HoR at 25C,
recoveri nga? és%WSI the pelyahenyiang ?@Er \msm through devolatlhzatlon of the

reaction solvent.

24, The process of claim 23 wherein the polyphenylene ether resin has an
incorporated amine content of less than about 0.3% by weight based on the
weight of the polyphenylene ether resin

25. The process of claim 23 wherein the polyphenylene ether resin has a
residual volatiles level of less than about 600 pPpm based on the weight of the
polyphenylene ether resin.

26. A process to produce a polyphenylene ether resin having an intrinsic
viscosity between about 0.08 dl/g and 0.16 dli/g when measured in chloroform
at 25°C, said 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 having an
intrinsic viscosity within the range of about 0.08 di/g to about 0.16 di/g as
measured in chloroform at 25°C; recovering the complex metal catalyst with
an aqueous containing solution and isolating the polyphenylene ether resin
through devolatilization of the reaction solvent, wherein the yield of isolated
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an aqueous containing solution and isolating the pol yphenyl ene ether resin
t hrough devol atilization of the reaction solvent, wherein the yield of

| sol ated 29 WD 00/ 46273 PCT/ US99/ 29059 pol yphenyl ene ether resin is over
90% based wpowoid2s anmount of nonoval ent phenol utilized.pG/usoditvesopr ocess
of claim 26 wherein the yield is over 95% 30

polyphenylene ether resin is over 90% based upon the amount of monovalent
phenol utilized.

27. The process of claim 26 wherein the yield is over 95%.
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