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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 dli/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 well as blends and articles containing the polyphenyiene 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
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is removed fromthe polynmer solution with standard extraction techniques,
such as | ilqese- pragessesxaradypioally carried out in the presence of an organic

solvent and the reaction is usually terminated by removal of the catalyst from
the reaction mixture. The catalyst metal, after being converted into a soluble
metal complex with the aid of a chelating 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 aithough 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 molecutar 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,
membranes and electrical applications. Also, epoxy based composites for
aerospace, automotive structural members and sporiing 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
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 dl/g to about 0.16
dl/g as measured in chioroform 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/g to about 0.16 difg as measured in chioroform 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 viscbsity within the range of about 0.08
difg to about 0.16 dl/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.



absorption, increased creep resistance, thermal expansion reduction,

chem cal resistance to acids and bases, for various appli caﬂf@ﬁgs@@ﬁ as,
for exanple, autonotive and house hold and el ectrical goods. It is

t herefore apparent that a need exists for the devel opment of processes for
t he manufacture of very | ow nol ecul ar wei ght pol yphenyl ene ether resin,
typically wwthin the intrinsic viscosity range of about 0.08 dl/g to about
0.16 dl/g as neasured in chloroformat 25C. SUMVARY OF THE | NVENTI ON The
needs di scussed above have been generally satisfied by the discovery of a
process f bie peegitinvegtioralse auavitgs amethod theaduce thecuedownesgiindexpft he range of
about 0. Oﬁ)gfﬂr(egyléﬁe @m@l’%sﬁx Mefgﬁﬂ\earﬁetﬂﬁﬁﬁ%ﬁ sty 9({1.@)%5% fita 2°C

conpri sing oxidative cou In a reaction solution at ast one

nonoval ewacwwtfoéﬁé@aé@ﬂ%ﬂﬁ@oﬁwnb?b@@hS!@Qﬂ*ﬂ%ﬁ*ﬂ@r@ @ygeaﬁantammﬁpl ex

met al cat hin the
range of a%ﬁd aoédagﬂégﬁ%%cétaggou{lﬁ&adl}% aa;'[it;lﬁ gylﬁi%gtm’éta%%l n cm \(l)!rr%form at
25C, r envotrlnglcatsw%%{sfwtw thggpngeoef apout (88 dibarin aboukBi1gldl/g gsangpstregiinh an
aqueous C&Mrafoﬂh%@ﬁ@ lr'édoQangﬂ?l@ cohﬁ:@xarhétﬁgcé'té]?st% atnhaf SL%]contalmngnt

devol atilization of the reaction sol vent res

vent i oreckitisn apeldsalaliog the R BraTyiepe eéasl sesn heouad deyalabization selacof
polyphenylgitnalol@ht, bfishdin ik Slafliddhien R0 ofHERIck RaSt MPaAie Coupl ing
ina reaction solution at |east one nonoval ent henol ecli es using an
oxygen co¥vaiatiizagon Q&%U%@%T@@%ﬁé&tqm%?tu@alﬁﬁ f‘aP@Uf 88uce a

pol yphenyl ene ether resin having an intrinsic viscosity within the range
of about 0.08 dl/g to about 0.16 dl/g as neasuré&d in chloroformat 25C
recover i ntpe Mess ipyeatiomrtaer rrayides a maliachiodadusgibd nsmeefadings Agvingol ut i on

and i sol &f harclk RERHVRES BRSO BhiEBH IrF BStphenbieAb @thef GKBlR! fnkigaho@n of the
reaction solvent, wherein the devolatilization is acconplished at |east in

part Wit I”Poﬁf‘p”é@%/ép%ﬁr}“’?ieiﬁ?ﬂ%'ﬁa@i‘tQfG%P‘)'VH}W'&f‘ﬁéﬂ‘%fES&‘ temperature | ess
t han about 275C. .

3a



The present invention further provides a nethod to reduce the nunber of
fines having a particle size |less than about 850 micron i n*pBIoYSIISH ene
et her wherein the method conprises underwater pelletization of the

pol yphenyl agg oglib@s resin. 3a 4 August 2003 WO 00/ 46273 PCT/ ygﬁ,ﬁ%é%w The
description that follows provides further details regarding v Y2055

enbodi nents of the invention. DESCRIPTION OF THE DRAW NGS Not applicable
DETAI LED DESCRI PTI ON OF THE | NVENTI ON This invention provides for a process
for the prépar geseripiion | bt nfallews| provides gfurthelPE detailsf eeghldingavangusin

intrinsic yj ' t 0.08 dllg and 0.16 di/g, by oxidative
coupling a%hﬁ%§®bgéﬁgﬁhﬁ§§@§$§ﬁﬁ'phenol species, preferably at |east a
portion of which have substitution in at least the two ortho positions and
hydrogen or hal ogen in the para position, using an oxygen containing gas

and a conplex netal -am ne catal yst, preferably a copper (1)- am ne
cat al yst, ﬁs the_oxidizin ent and extracting at |east a portion of the

a
netal cata §§?R'§§’O§' KelF 855 Nk acid salt with an aqueous cont ai ni ng
solution, and isolating the PPE through devolatilization of the reaction
sol vent. Nt gpgliczighodi nent, the process affords a PPE that has |less than a
10% increase, preferably less than 5% increase in intrinsic viscosity -
after heating into the nelt phase. In another enbodi nent, the process
affords a PPE that has |less than a 10% decrease, preferably |less than 5%
decrease, nost preferably |less than 3% decrease in intrinsic viscosity

after an eg 'Aliﬁfﬁkis@ﬁwﬁme@eﬁ?é hOWL RGNt he oxidative coupling reaction. The

PPE enpl oyed in the present invention are known pol ynmers conprising a

plurality of structural units of the fornula
This invention provides for a process for the preparation of low molecular

wéight PPE, preferably having an intrinsic viscosity between about 0.08 dlfg
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 (-
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 sotvent.
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 formuia



4 4 August 2003 WD 00/46273 PCT/ US99/ 29059 wherein each structural unit may
be the sane or different, and in each structural unit, eacH £49ys§2003

i ndependent |y hal ogen, prinmary or secondary |lower alkyl (i.e., alkyl
containing up to 7 carbon atons), phenyl, hal oal kyl, am noal kyl,

hydr ocar bo%&??"’@r’?’ hal ohydr ocar bonoxy wherein at |east two @&B%"H’za‘i%rrs
separate the hal ogen and oxygen atons; and each @ is independently

hydr ogen, hal ogen, primary or secondary |ower alkyl, phenyl, haloal kyl,
hydrocarbonqéy or q:ohydrocarbonoxy as defined for QL. Mbst often, each
Q is alkyl R, especially C, .4 alkyl, and each @ is hydrogen.
Bot h honopol ynpr—d&nd copol yner PPE are included. The preferred

honopol yners_a Rosg_cont ai ni ng 2, 6-di net hyl -1, 4- phenyl ene ether units.
Sui t abl e copol i ncl ude random copol ynmers contai ning such units in
conmbi nation wAfn (\for exanple) 2,3,6-trinmethyl- 1,4-phenylene ether units.
Al so include&f are BRE containing noieties prepared by grafting vinyl
nononers -or polynmers such as pol ystyrenes and el astonmers, as well as
coupl ed PPS. in which coupling agents such as | ow nol ecul ar wei ght

pol ycar bonvefterein @achostesctutet eniveys) es ansl SHrE84S diffleRg0af8 8R! %Qé‘hi n

known manner with the hydropxy. groups of two poly(phenylene ether) chains to
produce a Sliﬁ”&%?r]%ﬁe‘:&i%aé !/%ﬁngﬁPerﬁ!ﬂrvwEha,logempmanaos Sbcoparydower
proporti orydf (ifd. eeatfdl &b inkeai ps. 7 A | nC are PPE ' t ai ni ng
a functi onal%Ep ((andgro@d, obt ai P\gdnﬁrggm ?egéﬁdo[ﬂ %&Hﬂﬁqa P%%{M'i Jﬁ?@ﬁgound
havi ng t h@mingalkyi, dmedproearagnomp.omrexfdarqwrmmwbay whbedhh APeaengial |y
have a nu verage ecul ar ight within the range of about 1250 to
about 700 gﬁn"cf?l f?é@ggﬂgg%@‘ger e halSgeh" and oxygen atoms; and each Q2 is
mc?ependently hydrogen, halogen, primary or secondary lower alkyl, phenvi,

haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for Q'. Most
often, each Q' is alkyl or phenyl, especially C,, alkyl, and each Q2 is
hydrogen.

Both homopolymer and copolymer PPE are included. The preferred
homopolymers are those containing 2,6-dimethy!-1,4-phenylene ether units.
Suitable copolymers include random copolymers containing such units in
combination with (for example) 2,3,6-trimefhyl-1,4-phenylene ether units.
Also_ included are PPE containing moieties prepared by grafting viny!
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 free OH groups remains. Also included are PPE ‘s containing a functional
endgroup, obtained from reaction with a reactive compound having the
. functional endgroup.

The low molecular weight PPE generally have a number average molecular
weight within the range of about 1250 to about 7000 and a weight average
5



5 4 August 2003 WO 00/ 46273 PCT/ US99/ 29059 nol ecul ar wei ght within the
range of about 2500 to about 15,000, as deternined 'by gel 4ggi9hetAq0sn
chromat ography, with a preferred nunber average nol ecular weight within
the range of about 1750 to about 4000 and a weight average nol ecul ar

wei ght wi t RIh®Y4987% ange of about 3500 to about 9,000, as dePeFFPR¥dHy gel
permeati on chromatography.. Alternatively, the intrinsic viscosity
(hereinafter "1.V.") of the | ow nolecular weight PPE is nost often in the
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0.10-0. 14 kﬁ_g aﬁ%rre%sured in chlorof ormat 25C. The PPE are typically
pr epar ed FRINSS | B 98 PEITBERIGTh SFHEpMa{ograrBy. ith anmeferradoopmbetat i c
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f or egoi ng. Catgglsyst systerr@ are gene%g:iﬁ (gyré) oyﬂs{‘ootro ébsétpct)rgdggu%fqoﬂg and

t hey typi ¥iGHt averegenmelequiarsweighd wishiny theeramge afpabout 350€ Ho asbgutcopper ,
manganese oTysele sually. in.conbination i.th various other
mat er i al sgqqov%\ﬁb ?é{?éﬁ]appapggﬁe’ ;boelilﬁ?gégns%m'l“@(ﬁogrﬁpgﬁe g"@’ natlyeiv e

f or egoi ngirttiadic ecdsRz (hemihafte ‘aneY dfrthehewPietditliar WaRIH: iFwE i@ﬁ%c}g@e al l

t hose presgntlr#/ énown, irres ecBive of variations in structural units or
anci | | ar yoBgRAR e repde ff @boutdL08). {6rel ig-apreferanly imdhetrangeiof atmubner nay
be carrie J \ di ' mn oOr nononers to a suitable
reaction go‘l%(grﬂ:1 de{?ﬁ"S?@%%%Bﬁegﬁﬁ@kdgggper%r?g catalyst. It is preferred
to carry out the polynerization in the presence of a cupric or cuprous

sal t - secohbarfPEnare: typically presarek b§,thb00xideﬁwnicmpiiﬁ?péﬂ at Q@ésgréﬁ’ef andt .
y carrie ou In e

di -n-butyl am pe. The polynerizations are vantageously |
presence @Pngﬁ}'ﬁirﬁgyagﬁpee@cgggmoq%{]gpgh @ISO%I oeyl8nola?. Jbkisimetaylphendl, net al
brom de. dinfnixtapEdRithe FORSBAIRS. MBYULAN 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.

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 anciliary chemical features.

The polymerization of the phenolic monomer may be cafried 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 bromid'es 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 alse be employed
as promoters if desired. These promoters are disclosed in U.S. Pat. No.
3,988,297 (Bennett et al.).



used at a level of fromabout 0.1 nole to about 150 noles p 100 ol es of
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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.

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 tertiary amine, the preferred range is considerably broader, and
comprises from about 0.2 to about 1500 moles per 100 moles of monovalent
phenol. With tertiary amines, if water is not removed from the reaction
mixture, it is preferred to use from about 500 to about 1500 moles of amine
per 100 moles of phenol. If water is removed from the reaction, then only
- about 10 moles of tertiary amine, e.g., triethylamine or triethylamine, per 100
moles of phenol need be used as a lower fimit. Even smaller amounts of



| ow concentrations. A preferred range of non-tertiary am nes conprises from
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desir abl ecyiRbid &iHsHa, oW brathiee s A ar @Skt o 2 1o 2.5 nol es
per. 100 nol es of rmno'valpgnt f pheno%a@\ﬁ’ﬁtpﬁet%@??%é'y%m'ér)lgg',lfg{ ecu%élﬁper salt
i s pref erfilsridescoprous acetateand cppuviatietajef r dittepatarg. #hd eeabegdryl5 nol es
per 100 %ﬁgs?rhé angeor{’fpa\@%negft 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 (1) species also greatly increases the rate of oxygen utilization in
the early stages of the polymerization reaction and thel 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 () 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
3
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coupling is desirable so as to avoid the drop in nol ecular weight and the
acconpanyiShgws ess dban ret0orrapwvprieterably Ises thign e SPordrghemash preféeabltyed -

nol ecul ar | t0~0f f : | i - P Li tion of the hackward
Gimer 11 ‘o Wi 3% (B0 b 05, AR by i, R AR e GREsfEE S
process i rpolymnetization &RReiphenblic nemoiiers, mi xture shows |ess than a 10%
drop, preferably less than a 5% drop, nost preferably |ess than a 3% drop

in 1.V, duti a i,librati.on st f t oXi dat i I rizati f
the phenol 1S ROMANEIAIT 35550 18 FREPON PEHOIER e psalv8RiatSIasEs f or med

in a sol vedlvenBslidratdisciosed Ve e MoRedictEd 0387 paferitie ARAMSHOURLAHY
patents. Aromatic solvents .
such as benzene, toluene, ethylbezene, xylene, and o-dichlorobenzene are
especially preferred, although tetrachloromethane, trichloromethane,
dichloromethane, 1,2-dichloroethane and trichloroethylene may also be used.
The weight ratio between solvent and monomer is normally in the range from
1:1 to 2011, 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
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process affords a nethod for increased reactor utilization and

pr oduct i vi The wenperaturac teeasdrng ctLhetheﬁlpﬁ:ﬁymenszmerst@Qetdifeth@amt/@ﬁtchﬁSSd S.
The process and reaction_conditions for the p %%marl zation, such

reacti on 9enerally Jianges: (PR abephdh G| iy aboud @théﬂqfﬁ‘k@r%fﬁéab’rbdfth ed
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Al t hough Oldmlieraﬂjré s Ubit é&ﬁw&f V&ﬁmeN%UB@ﬁdﬂ‘éQ?/rﬁ@ﬂéﬁtéfﬁp@me%UCh as
maki ng nol ecul ar ments, running a predeterm ned reaction

ght neasu
e, Ccont IGEITEAGIANS SAn GRE MG KHERASHEN KoRQIWCIMENG it IBMAGHAIUESS gen
concentrat*w&téﬁlaq 'IH&/éPWcérEWs?é@%rl?ﬁ itiid §86fon. The tenperature to carry

out the polyneri za ion stage ‘of the invention generally ranges from about
0C. to about 95C. More preferably, the tenperature range is from about
35C. to abMany4i@raptaxitastants ghethalating Egantst mﬁpd:‘raauaed indhe prhetieendf of

reaction. At YDA Bbividd GRR"hES CH&\8t Ht&Pthe end of the polymerization

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 soiution, 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 polyfunctional carboxylic acid containing
corhpounds such as, for example, sodium potassium tartfate, hitrilotriacetic
acid (NTA), citric acid, giycine and especially preferably they will be selected
from polyalkylenepolyamine polycarboxylic acids, aminopolycarboxylic acids,
aminocarboxylic acids, aminopolycarboxylic acids, aminocarboxyiic 'acids,
polycarboxylic acids and their alkali metal, alkaline earth metal or mixed alkali
metal-alkaline earth metal salts. The preferred agents include
ethylenediaminetetraacetic acid (EDTA), hydroxyethylenediaminetriacetic
acid, diethylenetriaminepentaacetic acid and their salts. Especially preferred
are ethylenediaminotetraacetic acid or a mono-, di-, tri- and tetrasodium salt
thereof and the resulting copper complex can be referred to as a copper

carboxylate complex.
10
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process odppropriate anti-solvent is based partially on the solubility co-efficient of the
copper (1) species that is being precipitated. The halideé are highly insoluble
in water, log Ki,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,, CUCl, , 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 V. in the range of about 0.08-0.16 di./g.) is
the reduction in LV. 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. LV. > 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
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i i i i . During
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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 dl/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 vyields 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 vesse! 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 53%, 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.
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affords a nethod to prepare a PPE that has |ess than about a 10% drop,
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of ol i gomecessaybedsolated ptthe ARl ati on process is preferred for
isolating the PPE. As part of the total isolation, a portlon of the
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preferably easi n t enperat ure f the PPE containing solution.
B scur os BWeRhJBMBBLL o i O RS GeshE abIREeN TN PEBRBC! ur es

e b alonels e o Bl ol
and maintained at a temperature Iess 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 resuitant 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 [.V. of >0.28 dl/g generally require a temperature of 300°C or higher

in similar total isolation processes.

Ancther unexpected result obtained through the use of a devolatilizing
extruder was the extremely high vield of PPE achieved in the process. For
example, a PPE yield of over 99% was obtained even for PPE having a low
I.V. whereas in the precipitation process Rnown in the art, the yield of similar
low I.V. PPE was less than 90%. Thus, the present process comprising a
devolatilizing extruder affords a method to prepare low molecutar weight
polyphenylene ether resin, typically within the intrinsic viscosity range of about
0.08 dl/g to about 0.16 di/g, in a yield of over 90%, preferably over 95%, more

13
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t hrough t bedervataf pelletieatidrabspéctalingsuigiié uder was the extremely high yield
of PPE achieved in the process. For '

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 Y| > 50 achieved with the standard stranding technique. |t
should be apparent that the present process affords a method of preparing é
PPE with a Y1 of less than about 30, preferably less than about 25.

Another unexpected benefit of underwater pelletization of PPE, especially low
LV. PPE, is that very low (less than about 3% by weight) fines, defined as
pellets (i.e. particles) of less than 850 microns in size, could be obtained. It
should be clear 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 peilets.
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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

sighific ared to the standard_stranding

w on vt aenier BTG PGSt pur e bRURt FoR aRATeRE Mveniainess
| ndex  (¥h fHGRRIGH sRlmihs akdaivat0oyaidy feflub@aiod i A5t Bewap irevabl e

as conpared to YI" > 50 achieved wth the standard stranding“techni que. It
shoul d bdingifatigRent that the present process affords a nethod of preparing a
PPE with a Yl of |ess than about 30, preferably |ess than about 25.

Examples

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 m! 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-xylenot
in 100 mi of toluene is added through a metering pump, over a period of
fifteen minutes, to the rapidly stirred solution. The temperature is maintained
initially at about 40°C to about 45°C/48°C towards the end of the run by
circulating water from a constant temperature bath through the cooling coil.

“Molecular weight build is continuously monitored with a typical reaction time to
target |.V. of about 100-107 minutes.
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Anot her unexpected benefit of underwater pelletization of PPE, est%zj'@'hal ly
low 1.V. PPE, is that very low (less than about 3% by wei gﬁ HOF? ;
defined as pellets (i.e. particles) of |ess than 850 mcrons in size,
could be obtained. It should be clear that the present invention includes
a nethod t 8P 8Y#EZ the nunber of fines having a particle siBeTNER299%9an
about 850 micron in polyphenyl ene ether wherein the nethod conprises
underwater pelletization of the polyphenylene ether resin. A preferred
enbodi ment i ncl AiRsugh 8 hefhditichs eIGEr aREY i it 4haY i
particle size | ess.than about 850 m Cror?s%&%*ess t grlléarggéttl O}bggr@f erably
| ess t han gesendl scamable we grMMsssiat pracesses: ataatiedeoghtinocotimemidl| et s.

e dri eq. S et AR e g ar Sl I HRCA G g cont 1 Tugal -

dryers, batch or continuous oven' dryers, fluid beds, and the |iKke.

Det er m natgquilibobtiam appropriate set of conditions can be readily

determ ned by one of skill in the art wthout undue experinentation. All

pat ent s citﬁdﬁb?/ reference are, incorporated herein bY ref erence. In order
&1 8 plee

that thos 8 PACORECEPE! (i FoRRETISAtaI¥st WBS Somplaxeshy the addition

i nventi onof 4 Renffbkawi NG ARABMASIR' Scid Mﬂ%PﬁrV@HePEobbéﬂJtﬁégﬁ}Ci a)ﬁﬁg and not

by way of Ilimtation. Exanples Polynerization Reaction:

| abor at or 9B Prear feeplubiligadt ndhetaqseorsiduid phasear e i ndi cated bel ow
The catal yst solution can be prepared by stirring 0.41 g of cuprous

brom de and 10.9 g of di-n-butyl amne in 100 ml of toluene.' The catal yst
is

Mixing time: ca.70 min.

Temperature: ta. 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 I/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 Ithr
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transferred to a one liter stirred glass reactor equi pped W er nal
cooling coil and inlet tubes for oxygen and nononer. A rapl (f'ugf"%eééﬁa
oxygen is introduced near the bottomof the reactor and a solution of 70 g
of 2,6-xylenol in 100 mM of toluene is added through a netering punp, over
a period oO9¥42%Pen nminutes, to the rapidly stirred sol uti G§¢T/5§&29059
tenperature is maintained initially at about 40C to about 45C 48C t owards
the end of the run by <circulating water from a const ant terrperature bat h

t hrough t Mgpicabtdsigualoivhter dhd eophar cd)ﬁéﬁﬁt aé]ﬂé%!:{) eF% foni tor ed
with a typical reaction tine to target V. of about es. 15 4

August 2087 VRIS HE% @SP@%@@@%SQPWQ%M%F&ZWI Sucpnsn@yaitfor a
| abor at or r [ scal a omer cj_al
\){ra§%bﬁ‘d tRAF theTebdhn E'elrgggca{ﬁtsgre |¥09Yeru i

processes carried out in comercra £epiiifegs by one

of skill Wr’ihwtenagatIV£cgefféotbmrattheneaésél dfhsegHrassn rcﬂa@hﬁﬂs:&ﬁsf%ﬁ#nan&ﬂe copper
.tion of a conpl exant

t al yst npj d th d
ﬁ?t ?I Iyzt r%ﬁggﬁ? %%ﬁ(% J@V'Qeﬂ zﬁ'ﬂ)‘ﬁ%? VE[RSEPN cBApS el the feegrto the ZFder to

sol ubi | 1 sritifugs drite wallee@hithout BulifloRGaTPA idhaad time: Tenperature: ca. 70
m n. ca. 55C Renoval of conplexed catalyst: Typical conditions for

liquid/liguid centrifuge on a coonmercial scale are as indicated beI ow. PPE
sol utioné@é@—?ﬂi—@iﬁ‘—“ It he 15 L/L centrifuge:-10 n8/ hr

Typical conditions for a commercial scale are as follows. The PPE containing
solution is preheated to a temperature of at least 246°C a pressure 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

Total isolation:

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

backfeed capability. Multipie devolatilizing venting sectibns are preferred to
achieve low volatiles content.
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water feed rate to the 1 S UL centrifuge: 100-200 I/ hr PPE solution feed
rate to the 2"d L/L centrifuge:0.5-0.8 nB/hr water feed rat#AugustRd08nd UL

centrifugelO0 I/hr

r esi dual

16 4 August 2003 WO 00/ 46273 PCT/ US99/ 29059 Typi cal
wat er and copper contents achieved after the 1St centrifuge

are

water as | 3R UE6HB00 ppm and copper as low as 0.2 ppm Sur pRCHR%9%®  was
found that the feed can be recircul ated constantly over the centrifuge,
wi t hout negative effect on the ease of separation or emnul sion formation

In the feed to the 2nd
NTA i s added. Preconcentration:

le are as follows. The PPE
BRE¥r ature of at |east 240C a

flashed to |l ow pressure in a flash

about 65 % The high solids |evel
to the total isolation equipnent
pconcentration. Typical conditions
essel : 40 bar T before the flash
ank:0.7-.87 ton/hr T after- the-
The isolation is preferably ‘

The preferred devolatilizing
ruder with a backfeed capability.

t endency, hence achieving nultiple extraction steps.
centrifuge only water, w thout additional
Typical caonditjo for a comercial s
cont ai ni ngﬂp§8| %&ﬁr&s PEE |RERiST By Otaé?e[
pressure of ca.. 40 bar. The solution is
vessel af®Ripngol ids conteps migeaf Teast
is desirgable to reduce the solvent |oad
t hat would have heen preskbnt _without prg¢
are tabul atzegetkl ow. P bef ca.20M€ fl ash
vessel : 245 - 260C Feedratp to the flash f{
flash ve“?el 114 26—+ af —-sol-ati-on:
carried pttFon devol at i | $3i%89°Ext r uder
extruder|is a co-rotatingl twin screw ext
Mil tipl e §E¥REFITTTZINg Ve H'@;%-f@édd OTTS

T zone 5 ca. 185-200°C

T zone 6 ca. 200°C

Tzone7 ca. 200°C

T zone 8 ca. 200°C

T zone 9 ca. 200°C

PP back vent ca. 0.8 bar

P 1% vacuum vent ca. 0.8 bar

P 2" vacuum vent | ca. 0.7 bar

P 3“vacuumvent (ca. 0.72 - 0.75

bar
Screw rpm ca. 294
Extruder Torque ca. 30-38%

are preferred to

nae
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achieve low volatiles content. 17 4 August 2003 WO 00/ 46273, Typi C? '
settings are indicated in the table below. T zone 1lca. 200 FUGYHL093.
200C T zone 3ca. 200C T zone 4ca. 195-200C T zone 5ca. 195-200C T zone 6ca.
200C T zone 7ca. 200C T zone 8ca. 200C T zone 9ca. 200C P back ventca. 0.8
bar P 15 wacemuseisentca. 0.8 bar P 2"d vacuum ventca. 0.7 bacTRISSpGogg@cuum
ventca. 0.72 - 0.75 bar Screw rpnta. 294 Extruder Torqueca. 30 - 38 %

PCT/ U899/29059 18 4 August 2003 WO 00/ 46273 PCT/ US99/ 29059 Extruder not or
Anp ca 106—-+—wa .bxpgg,* c%" that—such very | ow tenperatures could be

used whi gxgg{ipq motor Amp

It was unexpected that such very low temperatures could be used while still
maintaining excellent low residual solvent levels in the end product. PPE
grades known in the art and having .V.'s of at least 0.28 dl/g are isolated at

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 desigr'f sequence of feed' and
venting sections. Also the preheated feed solution can be added in‘ any
solvent concentration with flashing either partly or totally in the devolatizing

extruder,
Pelletization:

The low melt strength of the low molecular weight PPE’s requires special
pelietization 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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mai nt ai ni ng excellent |ow residual solvent levels in the en r PPE
grades known in the art and having |.V.'s of at |east 0.28 g&aagt@tw’

i solated at 30011C or above under simlar conditions. Qher configurations
and nodifications can be used as well, |like different size and nunber of
venting poMf@045¢T3er screw design, sequence of feed and venPFRYS¥S5%ns.
Al so the preheated feed solution can be added in any solvent concentration
with flashing either partly or totally in the devolatizing extruder.

Pel | eti zati on: WW@WWWBCW ar wei ght PPE s
requires specia pe etlzaDtlbn t echrii'ques conpared|to normal |V grade PPE

materials. Thei_table bel ow shows typical settings jfor the underwater

pel l etizer: ProtNater tdmpergiynet : ca.| gd4®@okg/ hr Melt punp feed ca. 6 bar
pressure: Melt|punp product ca. 95-100 bar pressure} Die tenperature:ca.
300C Wat er addi4ion—+rateca—10-nB8/hr 19 4 August 2003 WO 00/ 46273 Rotati ng
kni fe rpm ca. . 3660 gRdyeRFEPat Yred ¢&0 90C Centrifugal dryer rpmca. 450
PCT/ US99/ 29059

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 dié design,
rotating knife speed, temperature and throughput, the particle size cén 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 molecutar weight PPE as compared to a PPE
having an LV. of 0.48 di/g prepared as described by methods known in the
art.

The table below compares two batches of low molecutér weight with an
end of reaction |.V. of about 0.11 dl/g to a batch of high molecular weight PPE
having an end of reaction L.V. of about 0.48 dl/g. After equilibration, the 1.V. of
the high molecular weight has dropped by approximately 20% whereas the
low molecutar weight PPE batches have remained constant within
experimentai 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 |.V. with less than 5% increase in I.V.
Conversely, the high molecular weight PPE has an increase in 1.V. from about
0.38 after equilibration to about 0.485 after melt processing, an increase of
about 25%. It was uhexpected that the low molecular weight PPE prepared in
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The pelletized | ow nol ecul ar wei ght PPE, which is inherently yver rittle,
unexpectedly had a | ow content of fines. Fines |evels of Ieéf‘uPHgt %by
wei ght bel ow 850 micron, preferably less than .2% by wei ght, and nost
preferably | ess than about 1.1% by wei ght can be achi eved by the process.
Modi fi cat i $¥500446&73achi evabl e wi t hout undue experi ment ati on oOFCT/HESHIESY
design, rotating knife speed, tenperature and throughput, the particle
size can be readily controlled to desired values. In order to further

hi ghl i ght y$@Re8Ent PRocHESX RRRAE ha@S Bht ByOlhal %ﬁegmésﬁethaw @belf 59 ocess,
the follow ng tables conpare various properties and characteristics

obt ai ned thnougbauimsquiibrationvenghtherrrl ayocessiag eieating IPRE thbawieligioan | . V.

of 0.48 dl/ repar.ed. as, descr.i bed by. net ho 0 in th rt. The table

bel ow corTﬁ‘QBHg O%‘B‘d{e@h@sa Uty 2@%?3&%% %Kéhwdpwhn&?pc&{dwgqgh; eacti on

l.V. of a ta0 ahhodl ; .~ gh nol ecul ar wei ght PPE having an
aic 3%V.é fé’?hlgﬂorﬁ?lggp%g ﬁiglg{)'gAf ter equilibr a'?i on, the I.V. gof

end of reaction I.
t he hi gh nol ecul ar wei ght has dropped by approxi mtely 20% whereas the | ow
nol ecul ar wei ght PPE batches have remmi ned constant within experinental
error of the test nmethod. After the PPE sanples had been treated to
thermal processing in the nelt, the | ow nol ecul ar wei ght PPE sanples again
remain fairly stable in 1.V. with less than 5% increase in |.V.

Conversely, the high nol ecul ar wei ght PPE has an increase in |I.V. from
about 0.38 after equilibration to about 0.485 after nelt processing, an
increase of about 25% It was unexpected that the | ow nol ecul ar wei ght PPE
prepared in 20 4 August 2003 WO 00/ 46273 PCT/ US99/ 29059 t he present
process would have an. IN that varied |less than about 5% throughout

equi libration and thermal processing (heating into the nelt for
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] i | ow nol | oi. ght
about 0.2 minutes to about 20 m nutes, ca. 200C for
and ca. 300C for high nolecular weight). 21 4 August 2003 V\%ggjg%fg?%

PCT/ US99/ 29059 IN, at end of J.V. after |.V. after thernal PPE

|1 g) bow nol ecul ar
G ader eact g)equilibration processing (dllg)(d
wei ght 0. ?@8]"%?% 116 - 0.122 PPE batch | Low nol ecul ar weiF§HYUs99/29059

0.1140.1160. 116 - 0.122 PPE batch 2 Hi gh nol ecul ar 0.480. 380. 485 wei ght PPE
It should be clear fromthe data in t he above table that the present ]
i nvention include a nethod to prepare a | ow nol ecul ar wei ght PPE that has

9 'nI V. throuhewllbratlon It should al so be
| ess than about 3% change i g’\I “g VTP gk

%Fggu} 2 P&%’S*ﬁ#*’%%‘é"{ hat éy i’égérz A |ddbut  50ARRENGY. iafter INerrmadltjer
' reaction (di/g) | equilibration processing
(dlfg) (di/g)
Low molecular weight | 0.113 0.115 0.116-0.122
PPE batch 1
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 clear 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 aiso be
clear that the present invention also includes a method to prepare a low
molecular weight PPE that has less than about 5% change in LV. 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 LV. 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 molecuiar

weight PPE has less than half the amount of residual copper remaining in the
22



equi libration and through thermal processing. Furthernore, mﬂ@“@?@ al so
be clear that the. present invention includes a PPE that has e ﬁan
about 3% change in |I.V. through equilibration. Also it should be clear

that the present process also includes a pol yphenyl ene ether resin having
| ess than HBU4637 100% change in intrinsic viscosity after HETERWPLIGPati on
step following the oxidative coupling and after a thernmal treatnent at
200C for about 0.2 mnutes to about 20 mi nutes. The table bel ow conpares

the |evel fivfal ismigter predachi hovas trsxpdated @it #e/ 8. eX KA PPN As can
e data,.the | ow nolecular weight PPE@ﬁ?s I gg’i@p%‘é% hal f

be seen from#h‘_gz

t he amount?beTeEIPHIAPrOVEIHIBE Blalistiemeveh the 22 4 August 2003 WO
00/ 46273 PCT/ US99/ 29059 final isolated product. It was unexpected that the
|.V. of the PPE would have an effect for inproving the catal yst renoval.
PPE G adeppm Cu PPCppm Cu final product solution after 1 S centrifuge Low
mol ecul ar bghtQ 2 - 21-3 PPE (0,11 dl/g) High nolecul arca.5ca. 8 wei ght
PPE (0.455 RiTE §radBe tabl e hEPOW cCGupaPEO bpmd@u dihat ptgdi@t | Qn ext ruder

tenperatyre range and resi g@@'i Eol ﬁene devel remaining in the final
isolated{PPE. It was unexp éa t RAE" t he{ extruder coul d be operated at a

| ower tenmperature range andentpifigjen residual solvent levels that are as
good or better than obtained

Low molecular weight { 0.2 - 2 1-3

PPE (0.11 dl/g)
High molecular | ca. 5 ca. 8
weight PPE (0.48

dl/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 [.V.) molecular Weight PPE. It
should be noted that the extruder cannot be operated at the iower
temperature range with 0.48 L.V. PPE without exceeding the torque rating of
the machine.
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wi th higher tenperatures for a higher (0.48 I.V.) nol ecul ar i, gLt E. It
shoul d be noted that the extruder cannot be operated at the4%@:%g£r}2065
tenperature range with 0.48 I.V. PPE wi thout exceeding the torque rating of
t he machin o Boedrugust 2003 WO 00/ 46273 PCT/ US99/ 29059 PPE_ G adeExt r uder
zone ppmtol uene i'n final Tenperature rangeproduct Low nol ecEfF HFS98398%% 195-
200C260 - 450 PPE (0.11 dl/g) Hi gh nol ecul ar245 - 300Cca. 300 - 500 wei ght
PPE (0.48 dl/g) The followi ng table conpares the | evel of dibutylam ne
(DBA) incorporated in the | ow nol ecul ar wei ght PPE of the present
invention as conpared to the |level incorporated into high nolecular weight

(0.48 | \ﬁgf—!—t—w&% tHt "Fcct ed—that—sychlow levels would remain in

the | ow ol ecdTafe wei ght SBRUTURET s houlZ88d RATar (GWene ¢ HBsefidakla t hat the

present process affords a| mep® ekl t|i environmentally friendly
g | Ry

PPE process as a |arger proportion o amne remains Wwth the
sol vent s$t+ream and can__ hejrecovered and _rdcycled. PPE G adeDBA content of

final prode¥ MOKRCURN weightt 1981 30O 15 - 0.] 28D 94BPE (0. 11 dI /g
PPE (0.11 di/g)

High moiecular | 245 - 300°C ca. 300 - 500
weight PPE (0.48 _
di/g) :

The following table compares the level of dibutylaminé (DBA)
incorporated in the low molecular weight PPE of the present invention as
compared to the level incorporated into high molecular wéight (0.48 1.V.) PPE.
It was unexpected that such low levels would remain in the low molecular
weight PPE. [t should be clear from these data that the presenf 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.

PPErGrade DBA content of final
product

Low moiecutar weight | 0.15- 0. 28 %
PPE (0.11 di/g)

High molecuiar | 0.9 - 1.0 %
weight PPE (0.48
dl/g)
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Hi gh nolecular0.9 - 1.0 % weight PPE (0.48 dl/g) 24 4 AUQUSEA%%%O%{}?
00/ 46273 PCT/ US99/ 29059 Thus, the present invention includes a“p gs to
make | ow LV. PPE having an incorporated am ne |evel of |ess than about
0.3% by weight based on the weight of the PPE. These and ot her enbodi ments
shoul d be 5%%%’4@?1’{3 fromthe disclosure contained herein. 25PYGT/EEY(#89592003
Clains: What is clainmed: 1. A process to produce a pol yphenyl ene et her
resin having an intrinsic viscosity between about 0.08 dl/g and 0.16 dl/g

when neasured iThussthemoéssm iate?&ss ir&ﬁhdbsoé%ééﬁ?(ﬁf%%% ?&K%} Lve
coupling in. a reaction solution at |east one nonoval ent phenol” 'speti es
usi ng an J@Y¥han dTATRPFAtGY agaise deve! ofdespithan aboat 0% dyywkidh hageduce a
pol yphenylgnge @éiagfoﬂﬁgipsp@avi ng an intrinsic viscosity within the range
of about 0.08 dl/g to about 0.16 dl/g as neasured in chloroformat 25C,
recovering the conplex nmetal catalyst wth an agueous containing solution
and isol atiigge aRe piley permbptimentst beoulte ben apparstahfrday othat igldogaijon of

t he react 'cBHtair?éH MEin 2. The process of claim1l, wherein the process
further conprises an ‘equilibration of a nmetal chelating agent with the
conpl ex netal catalyst.
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3. The process according to claim2, wherein the intrinsic M‘%ﬁﬁ&h%@ of the.
pol yphenyl ene ether resin after the equilibration has |ess tﬁh a %)
change in intrinsic viscosity as before the equilibration. 4. The process
of claim1, wherein the devolatilization is acconplished at |east in part
with a devolatilization extruder. 5. The process of claim4, wherein the
devol atilization extruder is at least partly operated at between about
185-220C. .6. The process of claim4, wherein the reaction solvent has a
solids | imet at |east about 65% before feeding into the

devol atilization extruder. 26 4 August 2003 7. The process of claim1,
wherei n the pol yphenyl ene ether resin has | ess than about a 10% drop in

i ntrinsi dVhabiscdlaimyedifter an equilibration step follow ng the oxidative
coupling. 8. The process of claim1l, wherein the pol yphenyl ene ether resin
has | ess than about a 10% change in intrinsic viscosity after an
equilibration step follow ng the oxidative coupling and after a thernal
treatment at 200C for about 0.2 minutes to about 20 m nutes. 9. The

process qf Al Erovebssv\tberped;dud&fa pBlyphahpehePBERe| reSRE Haehd @MPirtaRSic
2, 6-di net hyl phenol . 10. The process of claim| wherein the polyphenyl ene .
et her resi nvineasityH batween pabatite 8- Ho @net dhib odl/g ayben heneasbtrd 0. 3% by

brosess of SHAPRLAL AR,  fidqBfbsrasy BABRIEEE” c&ldiBler fhdingita & | east
In part w tieastigs eoldion atZlaasosne Hidrivialerd thenb! slﬁé’@iéﬁ\@fsﬁ'lfg aﬁ'dxggbﬁﬂ - 12

A nethod to prepare a pol yphenyl ene ether resin that has I'ess than about a
10% dr op i rP9rH@ining gas \Anska somplax megtab gatalyshtatireduces & polrehemylenenpri si ng

oxi dative coup} [ gn Havthg SABHHARCSALLEIY Wilin tFE8$hngl Br TRBLY B Gk gheno!
to about 0.16 dlfg as measured in chloroform at 25°C; recovering the
compiex metal catalyst with an aqueous containing solution and isolating
. the polyphenylene ether resin through devolatilization of the reaction

solvent.

2. The process of claim 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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speci es using an oxygen containing gas and a conpl ex netal gz@al st to
produce a pol yphenyl ene ether resin having an intrinsic vis OYSE2P8hi n
the range of about 0.08 dl/g to about 0.16 dl/g as neasured in chloroform
at 26C, equilibrating a netal chelating agent with the conpl ex netal
catalyst to prepare a chelated conplex nmetal catal yst; recovering the

chel ated conplex netal catalyst with an aqueous containing solution; and

i solating the polyphenyl ene ether resin through devolatilization of the
reacti on 7.sdhgepracess. ofTelginet, nulierein’ dhelipelyphentileng etheolrgpinengs dess et her

resin that S less, t about. a.10%.draop in ingrinsic vi.scosity, after
caul 1 brat | GhEn 2Powt 4,0t “SRBs L ITtANE Visedry BRSLAR ARUBBGABRLERH he
nonoval ent  phiRehg 306 ekRIative @BRplisgs 2, 6- di net hyl phenol . 15. A nethod to
reduce the yell owness index of polyphenyl ene ether resin, wherein the

met hod conprises oxidative coupling in a reaction solution at |east one
nonoval en?. pgihenprocess @feddaiiy il gvharesk g Robypreryienaetyas resin has fesspl ex

nmet al cat al d : [ AL an_dntrinsic
i scosi ty wiid ROPRE ST i A B FRAhBE ity el o, B BRegiofGstele
neasured i n{glitnwangtis Bxriativl CoubRe eat! dfterta therarap restieheht 200 Y&t with
an aqueous contai ning solution and isolating the polyphenyl ene ether -
.resin t hr oagauti@2oniutes inebeut 20 mimgeseacti on sol vent, wherein the

devol atilization is acconplished at least in part with a devolatilization

ext 1 uder o TRLBFREEE B ofih TRREAN ife HHyalI] MY $BL8Es chihorbag: method

of claim’l C rrsin erwater pe 1Zatl o

pol ypheny| e@é-dinmethylpbenol. 17. The nethod of claim 15 wherein the
yel | owness i ndex of the pol yphenyl ene ether resin is |ess than about 30.

10. 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. 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 rﬁetat catalyst to
produce a polyphenylene ether resin having an intrinsic viscosity within the
range of about 0.08 dl/g to about 0.16 di/g as measured in chloroform at
25°C; equilibrating a metal chelaﬁng 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.

13. The method of claim 12 wherein polyphenylene ether resin that has less
than about a 10% drop in intrinsic viscosity after equilibration.
27



18. The process of claim 15 wherein the nonoval ent phenol sge&i]gqg 2003
conpri ses 2, 6-di net hyl phenol. 19. A nethod to reduce the nunber o% I nes
having a particle size |less than about 850 micron in polyphenyl ene ether
wherein the nmethod conprises underwater pelletization of the pol yphenyl ene
ether resin. 20. The nmethod of claim 18 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 measured in chloroformat 25C. 21. A process to produce

a pol yphenyl epne et her resin havin | ass, transition tenperature in the
range of a]-ﬁoﬁgelﬁ@ﬁﬁﬁf’e 8%08?'@66@? ¥ g"&"’brW@es’ﬁoﬁ%"a{e'ﬂuﬁrﬁnoiowe@’@ﬁpri si ng

oxi dative COH&hhﬂQBéQ@-dﬁﬁ@tﬁ&fpﬂ@nﬁP' ution at | east one nonoval ent phenol
speci es using ah oxygén contarning gas and a conplex nmetal catalyst to

produce a pol yphenyl ene ether resin having an intrinsic viscosity within

t he range 16f Aamethod i®3ediicey the yelliowness Iitdeduof aslypheayienedether glelsiey, of or m
at 25C, recovEri nrg rt‘he ctﬁn'al ex_ net al c&ttag/st E\M’ t.h an agueous gont ai ni ng
sol ution andVNEGIA{Re MEHRY SONIRES PHARIVE FRYPINGAD; 3 regpiRnygolution at

devol ati | i zapkeNoRé nidiovafaftigHimop Sh¥ABS ushy ad %&y@éﬁ%ﬁﬁai%@gﬁ ghdl
wherei n the pol yphenyl ene ether resin has am | ncofporated amhe content of
| ess than abdgonmlavomstahveatglystibaspredune a pelypbenyienefethbe resinyiEndng| ene

Fesin has a A utAeRAGERET ik Bhrds O BbBLLn o aRle BBBHY bk el ca o
the wei ght ofs midaeursd KPEIIBIEHR R DBEC; FRRIVBring 4he LoRAEE PfothPcRaRduce a
pol yphenyl ene ether resin having an intrinsic viscosity between about 0.08

di /g and 0. MithBNGEqUesHsoRtEingg selutiomaoddselatingthe Solyphenlenecethes
conprising gxigatiug, GOUBLV AGtilAAtBn of the reaction solvent, wherein the

devolatilization is accomplished at least in part with a devolatilization

exfruder maintained at a temperature less than about 275°C.

16. The method of claim 15 further comprising underwater pelletization of the

polyphenylene ether resin.

17. The method of claim 15 wherein the vyellowness index of the
polyphenylene ether resin is less than about 30.

18. The process of claim 15 wherein the monovalent phenol species
comprises 2,6-dimethylphenol.

19. 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.

20. The method of claim 18 wherein the polyphenylene ether resin has an
intrinsic viscosity within the range of about 0.08 dli/g to about 0.16 dl/g as

measured in chloroform at 25°C.

21. A process to produce a polyphenylene ether resin having a glass transition

temperature in the range of about 150°C to about 160°C, said process
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reaction solution at |east one nonoval ent phenol species usyng Ak gen
contai ning gas and a conplex netal 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 dl/g as nmeasured in chloroformat 25C, recovering the
conpl ex netal catalyst with an aqueous contai ning solution and isolating

t he pol yphenyl ene ether resin through devolatilization of the reaction

sol vent, wherein the yield of isolated pol yphenyl ene ether resin is over
90% based upon_t he, anoun nonoval ent phenol  utilized. 25. The process of

of S . .
cl ai m 24 wheFRMRIERG oXigafves ingsdf #lg 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 dl/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 devolatitization of the reaction solvent.

22. The process of claim 21 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

23. The process of claim 21 wherein the polyphenylene ether resin has a
residual volatiles level of less than about 600 ppm based on the weight of

the polyphenylene ether resin.

24. A process to produce a polyphenylene ether resin having an intrinsic
viscosity between about 0.08 dl/lg and 0.16 dl/g when measured in
chloroform at 25°C, said process compriéing oxidative coupling in a
reaction solution at least one monovalent phenol species using an oxygen
containing gas and a complex metal catalyst fo produce a polyphenylene
ether resin having an intrinsic viscosity within the range of about 0.08 dl/g
to about 0.16 di/g as measured in chioroform at 25°C; recovering the
complex metal catalyst with an aqueous containing solution and isolating
the polyphenyiene ether resin through devolatilization of the reaction
solvent, wherein the yield of isolated polyphenylene ether resin is over

90% based upon the amount of monovalent phenol utilized.

- 25. The process of claim 24 wherein the vield is over 95%.
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