Title: CAPPI NG OF POLYPHENYLENE ETHER RESI N Abstract The invention

rel ates to nmethods of cappi ng pol y(phenyl ene ether) resin having an
intrinsic viscosity between 0.05 and 0.35 dl/g. More parti auhgusyz20dhe
nmet hods conprise cappi ng a pol y(phenyl ene ether) resin having an intrinsic
viscosity between 0.05 and 0.35 dl/g in a solvent to produce a capped

pol y(phenyl ene et her CARRING OF/POY YRHENYLERS ETMESCREKR|N between 0. 05 and
0.35 dl/g and isolating the capped poly(phenylene ether) resin by renoval
of the solvent, preferably in a process other than precipitation. The

i nvention also relates to the capped pol y(phenyl ene ether) resin having an
intrinsic viscosity between 0.05 and 0.35 dl/g. 5 August 2003 CAPPI NG OF

POLYPHENY ORWs sER ERERICE N RELATED APPLICATIONS

Not Applicable

FEDERALLY SPONSORED RESEARCH

Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to methods of capping poly(phenylene ether) resin,
and more particularly relates to methods of capping poly(phenylene ether)
resin having an intrinsic viscosity between 0.05 and 0.35 dl/g, preferably
between about 0.09 and 0.15 dl/g.

2. Brief Description of the Related Art

Poly(phenylene ether) resins (referred to hereafter as "PPE") are
commercially attractive materials because of their unique combination of
physical, chemical, and electrical properties. Commercially, most PPE are
sold as blends with predominantly high impact polystyrene resins. PPE are
miscible with polystyrene i-esins in all proportions and because of the very
high glass transition temperatures of PPE, the blends of PPE with polystyrene -
resins possess higher heat resistance than that of the polystyrene resins
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are mscible with polystyrene resins in all proportions and because of the
very high glass transition tenperatures of PPE, the blends of PPE with
pol ystyrene resins possess higher heat resistance than that of the
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4, 101, 504;am afidimat® SiydraxiP8ndiél, generally an alkyl substituted phenol residue.
These residues are believed to act as radical scavengers and consequently
limit the utility of poly(phenylene ether) resins in applications involving
desirable radical reactions. One example of a desirable appiication is the
polymerization of styrene monomer, either alone or with comonomers, in the
presence of poly(phenylene ether) resin. Similarly, poly(phenylene ether)
resins become dark and embriltted in the presence of oxygen and high
temperatures, presumably due to oxidation of these same hydroxyl groups.
Capping the hydroxyl moieties present in PPE affords a solution to ‘many of
these problems. Moreover, capped PPE would also have utility in many PPE
blends such as, for example, blends with other thermoplastic polymers as well
as thermoset resins including unsaturated polyurethane resins, allylics,
bismaieimides, and the like.

u.S. Patent No. 4,760,118 describes a method to cap poly(phenylene
ether) resins in a melt (i.e. solventless) process. The method described in the
aforementioned patent was exemplified using a poly(phenyiene ether) resin
having an intrinsic viscosity of about 0.48 dl/g and afforded solutions to issues
for capping relatively high molecular weight poly(phenylene ether) resin.

Recently, interest has increased in poly(phenylene ether) resins having an
intrinsic viscosity between 0.05 and 0.35 dl/g due, in part, to their increased
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4,139, 574; and 4,154,712 anong others. Many commerci al pol y(phenyl ene

et her) resins posses endgroups having an aromatic hydroxyl noiety,
generally an al kyl substituted phenol residue. These residéesugase2dpsl i eved
to act as radical scavengers and consequently limt the utility of

pol y(phenyl ene ether) resins in applications involving desirable radical
react i ons.PrepesseRiiiplaadomisciiblyi paampareti ieacpamersiailyeavailabjereesinat i on of
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beconme dariktriasid eisbosityt trexd numbidreop eaggRimsOfndPE¥ERN apadakirementioned
tenperatures, presunmably due to oxidation of these sane hydroxyl groups.

Cappi ng t HECH§ oM Pet3HYasidesent in PPE affords a solution to many of
t hese probl ens. Moreover, capped PPE would al so have utility in many PPE

bl ends such as, for exanple, blends with other thernoplastic polyners as
well as thernoset resins including unsaturated pol yurethane resins,
allylics, Dbisnmaleimdes, and the like. U 'S Patent No. 4,760,118 descri bes
a method to €apPipel popiehsnyiere ethger yesiesiralativalya low| tmalecar sweigaht | ess)

process:  BS(RLAMNASHE bt B4 b ERHER GLABEL Dol RSP 110!
0, 48 dl / g amdd085f di/gie gresmints iissuest thatswees ndtoprevanpiygeésgmbéyel Fohi gh
cr cased SKATHUR RGN ENL raRRes T AR PRR(PIGRN (e s tRs qosi t y
bet ween O.sRmiRBALY- MgheH peofbifion! &F RFdoxyl ndiBRES LATRRRRA  Similarly,
relatively lowl molecular weight poly(phenylene ether) resin can not be
efficiently isolated after polymerization using conventional solvent precipitation
techniques due to the extremely small particle size generated with
conventional techniques. The low melt strength of relatively low molecular
weight poly(phenylene ether) resin also presents special issues, especially
with stranding and chopping the extrudate.

It is therefore apparent that there continues to be a need for improved

methods for capping relatively low molecular weight poly(phenylene ether)
resin.

SUMMARY OF THE INVENTION

The invention relates to methods of capping poly(phenylene ether) resin
having an intrinsic viscosity between 0.05 and 0.35 di/g, preferably between
about 0.09 and 0.15 dl/g. More particularly, the methods comprise capping a
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5 August 2003 processability and mscibility as conpared to commercially
available resins having intrinsic viscosities between 0.40 and 0.49 di/g.
Wth the reduced intrinsic viscosity the nunber of endgroupsAugust 2a3®s and
af orenenti oned probl ens beconme accentuated. Capping pol y(phenyl ene et her)
resin relatively | ow nol ecul ar wei ght poly(phenyl ene ether) resin, e.g.,
having an intrinsic viscosity between 0.05 and 0.35 dl/g, presents issues
that were not previously recognized. For exanple, relatively |ow nolecul ar
wei ght pol y(phenyl ene ether) resin has a significantly higher proportion
of hydroxyl noieties for capping. Simlarly, relatively |ow nolecular
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“intrinsic viscosity between 0.05 ( @5 :dl /g, preferably between

and said capping agent is used in molar ratio of capping agent to polyphenylene ether
resin hydroxyl of 1:1 and 10:1.

The invention also relates to the capped poly(phenylene ether) resin having an
intrinsic viscosity between 0.05 and 0.35 dl/g, preferably between about 0.09 and 0.15
dl/g. These and other embodiments of the invention will become apparent as
described herein.

DESCRIPTION OF THE DRAWINGS
Not applicable

DETAILED DESCRIPTION OF THE INVENTION

Poly(phenylene ether) resins, hereinafter referred to as “PPE" are known
polymers comprising a plurality of structural units of the formula:



about 0.09 and 0.15 dl/g. Mre particularly, the nmethods conprise capping a
3 5 August 2003 pol y(phenyl ene ether) resin having an intrinsic viscosity
between 0.05 and less than 0.35 dl/g as nmeasured in chl or of5ckuguat 2ABC wi t h
a capping agent in a solvent at a tenperature between 160 and 300C to
produce a capped pol y(phenyl ene ether) resin having an intrinsic viscosity
between 0.09 and 0.15 dl/g, and isolating the capped poly(phenyl ene ether)
resin by chipping, spray drying or devolatization of the solvent, wherein
t he cappi ng agent conprises a |inear polysalicylate of the formula 1 0 and
sai d cappingfagentQﬂs used in nolar ratio of capping agent to pol yphenyl ene
~ether resin Rydrgxyl of 1:1 and 10:1. The invention also relates to the

capped pol y( ple ene ether) resin having an intrinsic viscosity between
0.05 and 035 gr—pheferably between about 0.09 and 0.15 dl/g. These and
ot her enbodi mdat€/of the invention will becone apparent as described

her ei n. DESCR ;| OF THE DRAW NGS Not applicabl e DETAI LED DESCRI PTI ON OF
THE | NVENTI G phenyl ene ether) resins, hereinafter referred to as
"PPE" are known polyners conprising a plurality of structural units of the

formula:  wherein for each structural unit, each Q' is independently halogen, primary or

secondary lower alkyl (e.g., alkyl containing upito 7 carbon atoms), phenyl,
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4 5 August 2003 wherein for each structural unit, each QL is independently
hal ogen, primary or secondary |lower alkyl (e.g., alkyl containing up to 7
carbon atons), phenyl, 4a 5 August 2003 hal oal kyl, am noal k§lAugust 2003

hydr ocar bonoxy, or hal ohydrocarbonoxy wherein at |east two carbon atons
separate the hal ogen and oxygen atons; and each 2 is independently

hydr ogen, halbalkeh, apinoaikyl, drydsecarbdaoyy,| ondiaiahydrocanpbrayy , whériroadtky| |
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I nvention. The preferr hofopol yners are those containin
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nmoi eti es pyefpraged. by grafting vinyl nmonomers or polynmers such as

pol ystyrenes, as well as coupled PPE in which coupling agents such as | ow
nol ecul ar wei ght pol ycar bonat es, qui nones, heterocycles and formals
undergo reaction in known manner with the hydroxy groups of two PPE chains
al beit to produce a higher nol ecul ar wei ght pol yner.

Both homopolymer and copolymer PPE are known and included in the
present invention. The preferred homopolymers are those containing 2,6-
dimethyi-1,4-phenylene ether units. Suitable copolymers include random
copolymers containing, for example, such units in combination with 2,3,6-
trimethyl-1,4-phenylene ether units. Also included are PPE containing
moieties prepared by grafting vinyl monomers or polymers such as
polystyrenes, 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 PPE chains
albeit to produce a higher molecular weight polymer.

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

features.

“The PPE generally have an intrinsic viscosity often between about 0.05-
0.35 dt./g., preferably in the range of about 0.07-0.25 di/g., and most
preferably in the range of about 0.09-0.15 di./g., alt as measured in chioroform
at 25°C. It is also possible to utilize a higher intrinsic viscosity PPE outside



It will be apparent to those skilled in the art fromthe foregoing that the
PPE contenpl ated for use in the present invention include all those
presently known, irrespective of variations in structural &Augsb2003
ancillary chem cal features. The PPE generally have an intrinsic viscosity
often between about 0.05- 0.35 dl./g., preferably in the range of about
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ranges in conbi Lon wt.h I intri Sco PE wit hin these
ranges. De?cg??r’fvﬁgiwghe5&'5@%ipﬁ¥?'f3ﬂ§?r8p9ﬁ gtg'la 9“3[ esdge sed will depend
somewhat on the ultimate physical properties that are desired. PPE are
typically prepared by the oxidative coupling of at |east one corresponding

nonohydr oxyar omati ¢ conpound. Particul arl y usef ul and readil y avai l abl e
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Cach i and ERBUEpNE: HRRMIFIRORENS, paeagnd. o Bl TR R e Y or
cat al yst sryaadéynavaﬂaablermmnolﬂyﬂroxykm'omaﬁpacrcanpomdﬁ aF%PE ,Byxytemdl dehievein
coupling. each bh?s met fgyl d éach %rac;grén?twhg%sutpogrlﬁe 6}y egerrtaéay be
characterized as a poiy(2,6—d1methyl-1,4-phenyiene ether), and 2,3,6-
trimethylphenol (wherein each Q' and one Q? is methyl and the other Q? is

hydrogen).

A variety of catalyst systems are known for the preparation of PPE by
oxidative coupling. For the most part, they contain at least one heavy metal
compound such as a copper, manganese or cobalt compound, usually in

combination with various other materials.

A first class of operative catalyst systems consists of those containing a
copper compound. Such catalysts are disclosed, for example, in U.S. Pat.
Nos. 3,306,874, 3,306,875, 3,914,266 and 4,028,341. They are usually
combinations of cuprous or cupric ions, halide (i.e. chloride, bromide, or

iodide) ions and at least one amine.

Catalyst systems containing manganese compounds are also known. They
are generally alkaline systems in which divalent manganese is combined with
such anions as halide, alkoxide or phenoxide. Most often, the manganese is



conpound such as a copper, nmanganese or cobalt conpound, usually in
conbi nation with various other nmaterials. A first class of operative
catal yst systens consists of those containing a copper conpdupdst2808h
catal ysts are disclosed, for exanple, in US. Pat. Nos. 3,306, 874,
3,306, 875, 3,914,266 and 4, 028,341. They are usually conbinations of
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di scl osure in nunmerous patents and publications. In one of its aspects, the
i nvention is a nethod for capping PPE having an about 0.05-0.35 dl./g.,
preferably in the range of about 0.07-0.25 dl./g., and nost preferably in
the range of about 0.09-0.15 dl./g., all as neasured in

In one of its aspects, the invention is a method for capping PPE having an
about 0.05-0.35 di./g., preferably in the range of about 0.07-0.25 dl./g., and
most preferably in the range of about 0.09-0.15 dl./g., all as measured in
chioroform at 25°C, which comprises reacting said PPE in solution with at
least one ester of salicylic acid or anthranilic acid or a substituted derivative

thereof, Another aspect is compositions prepared by said method.

For the most par, it is desirable for all hydroxy end groups on the PPE to be
capped by the method of this invention. However, the invention includes
compositions which contain a proportion of uncapped PPE, that is, PPE

containing terminal hydroxy groups.

To produce the capped PPE of this invention, the PPE is reacted in the melt
with at least one ester of salicylic acid (preferably) or anthranilic acid or a
substituted derivative thereof. As used herein, the term "ester of salicyiic acid"
includes compounds in which the carboxy group, the hydroxy group or both
have been esterified. |



chl orof orm at 25C, which conprises reacting said PPE in solution with at
| east one ester of salicylic acid or anthranilic acid or a substituted
derivative thereof. Another aspect is conpositions preparedAbgustiof3
met hod. For the nost part, it is desirable for all hydroxy end groups on
the PPE to be capped by the nethod of this invention. However, the

i nvent i onQthet thas as aufinesi Aboves mﬁl[ﬁrbc@@nmlébuﬂ’arpél@@émfd on tid cuiRf ped
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sal i cyl i caliodagh unsghsitetdomnmppounids are pefeded.he car boxy group, the hydroxy
group or both have been esterified, 7 5 August 2003 O her than as defined
above, the precise nolecular structure of the ester is not critical.

Various substituents may be present on the salicylate ring, including, for
exanpl e, alkyl, aryl, alkoxy, acyl, nitro, carbal koxy andnitro, although

unsubst i tBhEtd:mm'h;ppwdeedraepsﬁf@nt edid Betdrs CIHchidiNg Rirf @é@t@r@b? @l icylic
acid esteigOr | ncI uding sinple esters of the fornula

COOR?
: :OR3
wherein each R® is independently hydrogen or an aliphatic, alicyclic or

aromatic radical, preferably a hydrocarbon radical, at least one R® being other
than hydrogen; silyl esters of the formula

0O

wherein each Y is hydrogen or Si(R*),, at least one Y being Si(R*),, and each
R* is independently a C,, alkyl radical, all R* values preferably being methyl;
salicylic carbonate(benzo-1,3-dioxin-2,4-dione), having the formula

cyclic oligomeric esters (salicylides) of the formula



wherein each R3 is independently hydrogen or an aliphatic, alicyclic or
aromatic radical, preferably a hydrocarbon radical, at |east one R3 being
other than hydrogen; silyl esters of the formula O it C- GAugDsN2Gl3er ei n
each Y is hydrogen or Si(R4)3, at |east one Y being Si(R4)3* and each R4
is independently a Cl1 alkyl radical, all R4 values preferably being.nethyl;

salicylic carbo (benzo-1, 3-di oxi n-2, 4-di one), having the fornula cyclic
ol i goneric egt allicylides) of the formula 8 5 August 2003 wherein n is
a small integer especially 2 or 3; and |inear poiysalicylates of the

formula wherpiny n i | east 2. The capping agents which are generally
found to ®@he b el ds of the capped pol yphenyl ene et hers of thls
inventionjare aryl saljicyl ates such as phenyl salicylate, aspirin (i

acetyl saljcyliic acid)/,sglicylic carbonate and poiysalicylates, including
both |inear polysalicyl atfes and cyclic conpounds such as disalicylide and

trisalicylide. Such corrpounds as phenyl salicyl at e and aspirin react to
form aci di (i‘u g duct s lQheno gnd aceﬁ (‘2 ‘Jsdg ch
erein n S s small'integer and especiaily nd !mear polysalicylates of

the formula

O="

n

wherein n is at least 2.

The capping agents which are generally found to give the best yields of
the capped polyphenylene ethers of this invention are ary! salicylates such as
phenyi salicylate, aspirin (i.e., acetylsalicylic acid), salicylic carbonate and
polysalicylates, including both linear polysalicylates and cyclic compounds
such as disalicylide and frisalicylide. Such compounds as phenyl salicylate
“and aspirin react to form acidic by-products (phenol and acetic acid), which
may be undesirable. Therefore, the most preferred capping agents are

salicylic carbonate and the polysalicylates, especially linear polysalicylates.

Of the capping agents which may be used according to the invention, such
compounds as phenyl salicylate, aspirin and isatoic anhydride are
commercially available. Salicylic carbonate is a known compound which may
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may be undesirable. Therefore, the nost preferred cappi ng agents are
salicylic carbonate and the poiysalicylates, especially |inear

pol ysalicylates. O the capping agents which may be used ac&okgjusg200s t he
i nvention, such conmpounds as phenyl salicylate, aspirin and isatoic
anhydride are comrercially available. Salicylic carbonate is a known
conpound W% BrERAEGdO fr Agmple, 20 3heereactiparaidsalicglic exidnwith phsddite.
reaction of. eyl Leqagid i phosgene., Disalicylijde and trisalicylide
are al so (@r{%@nﬁ{yhg% ?Fsidtﬁ-lé‘slgthx\%t%pﬂﬁt %gar? EPOWEY 3% y‘éi b"%rf P{eparatinn B¥ker et
al., J. CpymlySeof aspinl Baket et bj. neacheel woel i1@¢abgs, may be prepared by
anionic polynerization of salicylic carbonate; Saegusa et al., Polym
Bull., 1, 341 (1979). They have al so been found to be the product (rather

than the reported disalicylide) of the treatnment of salicylic carbonate
with a catalytic anmount of triethylamne; Dean et al., J. Chem Soc.,

Perkin 1, i , icvig | . |10 | I bt ai nabl e
by reacti hg‘% glﬁ%%lgyiggﬁ%ﬁ)?ﬁéﬁgp ??Ha%%?#%g p%%%'lilzg%@n %fh?ag@/ , or
by pyr ol yseebaseteispaegusaet sbnBolym. Baihed, 8&hieo7z9)ur Bseyt have bheseeeenp! oyed

by Baker X ' re disclose n Jajmed in copending,
cgmmnl y gém%n?dtoa%%ﬁfég{@cqggeﬁhg@a Ié‘f, @E&%eaﬁﬁ%%w#@ﬁ) of thed gmep; ngl ly,
the react bbealidylisaldrbyhate witht: vatalytRNAFBARE of HidthRaRifS aDSSn ¥ af Jtertiary

am ne suc&‘as triethylamne affords |inear polysalicylates in high yield.
Accor di ng“8™M heOornvESIKinbA, 197, EBE7. s eearegolysakizylates carewatititibhallyc appi ng

obtainable by reacting salicylic acid with acetic anhydride or thionyl chloride,
or by pyrolysis of aspirin at somewhat lower temperatures than those
employed by Baker et al.; these methods are disclosed and claimed in
copending, commonly owned application Ser. No. 151,844, filed Feb. 3, 1988,
Finally, the reaction of salicylic acid with phosgene in the presence of a
tertiary amine such as triethylamine affords linear polysalicylates in high yield.

According to the invention, the PPE is heated in solution with the capping
agent. Typical reaction temperatures are in the range of about 160°-300°C.
Aromatic solvents such as benzene, toluene, xylene and o-dichlorobenzene
are especial{y preferred, although tetrachloromethane, trichloromethane,
dichloromethane, 1,2-dichloroethane and trichlioroethylene may aiso be used.
The capping reaction can be conveniently conducted in a vessel capable of
intimately mixing the PPE solution, preferably under pressure to avoid loss of
the solvent. One useful vessel and process involves feeding the capping
agent into a devolatilization piece of equipment like an devolatilizing extruder.
Alternatively, the capping agent can be mixed without a solvent in a melt, like
€.g., in a conventional extruder.

10



agent. Typical reaction tenperatures are in the range of about 160-300C
Aromatic sol vents such as benzene, toluene, xylene and o-dichl orobenzene
are especially preferred, although tetrachl oronet hane, tri clolAusguse20isne,

di chl oronet hane, 1, 2-di chl oroethane and trichl oroethyl ene may al so be used.
The capping reaction can be conveniently conducted in a vessel capable of
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reaction by deconposition of capped and uncapped am noal kyl end groups.
The nol ar proportion of capping agent will to sone extent depend on the

nol ecul ar wei ght and | evel of hydroxyl end groups in the PPE, as well as

e b TSRS o Lo B SBRE YT S M Ml SR o B LT

nol ar molecular weight and level of hydroxyl end groups in the PPE, as well as
other hydroxy-substituted "tail" end groups resulting from equilibration with
diphenoquinone. About 1-10 molar equivaients, most oftén about 2 - 4 molar
equivalents, and preferably about 2.5 - 3.5 molar equivalents of capping
agent, based on PPE hydroxyl number, is usually adeguate. It is unexpected
that molar amounts as low as about 2.5 - 3.5 based upon the PPE hydroxyl
number would be sufficient to achieve capping levels in excess of 30% based
upon the teachings of the prior art wherein molar amount of 4.5 or more were
necessary to achieve similar high capping levels. Minimizing the amount of
excess capping agent is extremely desirable from both cost standpoint and
overall final purity viewpoints.

It is aiso within the scope of the invention to include at least one polystyrene
in the composition. The term "polystyrene” as used herein includes polymers
prepared by methods known in 'the art including bulk, suspension and
emulsion polymerization, which contain at least 25% by weight of structural
units derived from a monomer of the formula

11



equi val ents, and preferably about 2.5 - 3.5 nolar equival ents of capping
agent, based on PPE hydroxyl nunber, is usually adequate. It is unexpected
that nolar anmobunts as |ow as about 2.5 - 3.5 based upon t he5PRGubly2008xy |
nunber woul d be sufficient to achieve capping |evels in excess of 90% based
upon the teachings of the prior art wherein nolar anount of 4.5 or nore
were neceEsafy achieve simlar high capping levels. Mnimzing the

anount of excess “cappi hg agent is extrenely desirable from both cost
st andpoi nt overall final purity viewpoints. It is also within the
scope of t

e?% on to include at |east one polystyrene in the
conpositio 9%1"polystyrene as used herein includes polyners
prepared by hods known in the art including bulk, suspension and
emul si on pol yneri zation, which contain at |east 25% by wei ght of structural

uni ts deryMeid RIS & roREr bhg| behagenl 2'SsAlgysha 5O dwrelet 12
wherein R5 is hydrogen, Tower alkyl or hal og&g Z' i's viny hal ogen or

| over al&iyl; agddP ps ifom oia §. (These repiasene naom@@pw@emﬁoﬁf)pwmrs of

styrene, r I € r f yrene with

one o GRS ARE W folieRy SR oR AR SRR i ot e

- met hyl stmommonoemmsl Mustydatladrtz;eaeryl@hmmytbthledm piok nﬁieﬂhplsqﬂf‘éwr i de,

and rubber- no [ go X/ renes conpri FI n% bl ends and gDafts wherein the

rubber i setgylvmy benzen benzene and maleic anhydride, and rubber-modified
polystyrenes comprising blends and grafts, wherein the rubber is a
polybutadiene or a rubbery copolymer of about 98-70% styrene and about 2-
30% diene monomer. Polystyrenes are known to be miscible with PPE in all
proportions, and any such blend may contain polystyrene in amounts of about

5-95% and most often about 25-75%, based on total resins.

In one embodiment, the compositions of this invention have been shown by
infrared and carbon-13 nuclear magnetic resonance spectroscopy to contain
end groups with salicylate ester moieties. Accordingly, another aspect of the
invention is compositions comprising capped PPE which comprise polymer
molecules having end groups of at least one of the formulas




pol ybut adi ene or a rubbery copol ymer of about 98-70% styrene and about 2-
30% di ene nononer. Pol ystyrenes are known to be mscible wwth PPE in all
proportions, and any such blend may contain pol ystyrene in amugnst2008 about
5-95% and nost often about 25-75% based on total resins. In one

enbodi nent, the conpositions of this invention have been shown by infrared
and car bon- éB nuc ear (5rngnet ba resonance spectroscopy to contain end
groups wth 1 at e*gst er,noi eti es. Accordingly, another aspect of the
invention is ¢e osi ti ons—¢ rrprl sﬂﬁg capped PPE which conprise pol yner

nol ecul es ha C gt_ east Ape of the formulas 0 11 2
4-C---A-Z H a 00 It ZOC-A-ZHWnerelnAls an

unsubsti t ut ed 0 ' \ 0- phenyl ene radical, Z2 is Oor NH and Q and
Q@ are as p(]';) Vi ou@ly C@%I nedQ Wil e the i nvention is not dependent on
theory, it is believed that the capplng agent I's converted, under the

dit
conditi onswl_t‘aerggllno elg amt Sngui%(sitt eg or su bs%tuted - p%eny!ene radical, 2% is Q or

NH and Q' and Q? are as previously defined. While the invention is not
dependent on theory, it is believed that the capping agent is converted, under

the conditions employed, to a ketene of the formula

= C/’O
L
which then reacts with the hydroxy group to form an end group of one of the

aforementioned formulas.

The cépped PPE may be isolated in a variety of manners, e.g., by non-
solvent precipitation followed by collection of the capped PPE, through direct
devolatilization of the solvent, by chipping, or spray drying. In a preferred
embodiment, the capped PPE is isolated by passing the reaction mixture
through a devoiatilization extruder capable of reducing the sqlvent level to less
‘than about 2000 ppm, preferably less than about 1000 ppm. When a
devolatilization extruder is utilized, it is often preferred to concentrate the PPE
solution somewhat, typicailly to greater than about 50% solids, preferably
greater than about 60% solids, before feeding the PPE solution to the
extruder.

13



O which then reacts with the hydroxy group to forman end group of one of
the aforenentioned fornulas. The capped PPE may be isolated in a variety
of manners, e.g., by non- solvent precipitation foll owed by5daigusic2d0sn of
t he capped PPE, through direct devolatilization of the solvent, by

chi pping, or spray drying In a preferred enbodi ment, the capped PPE is

| sol ated hynBRSSi0 o EVAISAEIAER Biodrerar! Beoksl) f}oréﬁm' fihd zabbon

extruder capable ucin vent | evel ess an abo
ppm pref E’IF-@IrywlaesfsumdrtrratataldumOerDﬁmdppmtemrwaier sipray| catohhgmrstrendext ruder

is utilize it sof{?ﬁ referred ta co entr a&ghe PPE Ll ution
somewhat , Of y FREHARLE ¢ Bw}égt Y t i ﬂp%fﬂgut 300/% "E)tPef y98%F eat er
than abougoggc/ \mﬁb!edﬁesdﬂgf&*e%uﬁ%w GGettBetH%P%w%%érr iseienbth bhe mﬁérernrrder 13

S August en using a devol at’ilization extruder for the total
i sol at i onbdftlet maturepeédowPPEoleiculafaweightinBPEhat It wagi fewrthithahd@eaid er or

oxt  udat e PEIE SRR BEnEhiES 6 oPReih HIBHE LRSS e Dah 1BEh g T he 1 ow
nel t strepgiddearih-fadee penétizdiion] ingudiag uiedarivdiompatibiteiionar ar\wrﬂghtngPPE | t

was found that special pelletization techniques can overcgne these
di ffi cul t fesliniog anale st@RAi Belladization |using éﬁ%ﬂ SPEAYYYY.| @74 YHrAHRN GroR| udi ng

under vat ep . ped)Gbhadtd ARaéRhtbt BEidiation especially suitable.

The capped PPE of this invention are in many respects superior to uncapped
PPE. For example, they are much less susceptible to oxidative degradation
at high temperatures. This is demonstrated by a dramatic increase in time to
embrittlement upon heat aging in air, and also by a decrease in oxygen
uptake under high-temperature conditions. For the most part, tensiie
properties are not materially affected by capping. Additionally, the capped
PPE reduces to é large part the radical scavenging the capability of the PPE.
Thus, the capped PPE are useful in process that involve radical initiation
and/or reactions, e.g., styrene polymerization processes as well as
unsaturated polyester, aliylic, and bismaleimide thermosetting resins.

Depending on the capping agent used, the glass transition and heat distortion
temperatures of the capped polymers may be lower than those of the
corresponding uhcapped PPE. For example, linear polysalicylates are found
to cause a greater decrease in said temperatures than salicylic carbonate.
This phenomenon is apparently the result of various by-products which
plasticize the polyphenylene ether. The plasticization effect may be

14



declining angle strand pelletization using water spraying, and vibration
drop pelletization with underwater pelletization especially suitable. The
capped PPE of this invention are in many respects superior b@ugasiaayoed
PPE. For exanple, they are much | ess susceptible to oxidative degradation
at high tenperatures. This is denonstrated by a dramatic increase in tinme

to enbrittlenent upon heat ipg in.ar, a . b decr € 4.1 oxygen
upt ake un€RTCRP -qreﬁ!ﬁglrnéﬁfﬂ g)gc@%a?lfq”@ngi.’]d g%ﬂrﬁ@?%ﬁt @lﬁaP?l,yﬁ}%i nasfH}e
properties, iﬁg'qﬂbsrfgmir@ fhe paéwstiag riategiaRpi ng. Additional ly, the capped
PPE reduces to a large part the radical scavenging the capability of the
PPE. Thus, the capped PPE are useful in process that involve radical

initiation and/or reactions, e.g., styrene polynerization processes as
wel | as unsaturated polyester, allylic, and bisnal ei m de thernosetting

Ijie:itgfii ﬁﬁ@@&%cﬂﬁshf&%tr‘é?&?@ﬂw@ﬂma intp8LampleR. 9l ass transition and heat

nperatures o e capped polyners may be | ower than those of
the correspondi ng uncapped PPE. For exanple, l|linear polysalicylates are
found to cause a greater decrease in said tenperatures than salicylic
carbonate. This phenonenon is apparently the result of various by-products

14 5 AupuBl PSS aha HE e P P e R R R GeE 2 e eci i tati ng.

the pol yner after capping, thus renoving the plasticizing materi al s.

Examples

The following illustrative examples demonstrate various embodiments of
the present invention. However, they are not intended to iimit the invention in

any manner.

in the examples of Table 1, polysalicylate (PSAL) was added in varying
amounts to a PPE having an intrinsic viscosity of 0.12 di/g and an hydroxyl
number of 367umol/g dissolved in toluene and heated at 240°C. After 30
minutes an analytical sample was removed. After an additional heat
treatment, simulating an extrusion step, a second analysis was performed.

The conversion data is provided below.

Table 1.

PSAL (weight % | Conversion % | Conversion % after
based on PPE ) (30 min.) additional heat treatment

24.5 100 100
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The invention is illustrated by the follow ng exanples. Al patents cited
herein are hereby incorporated by reference. Exanples The foll ow ng
illustrative exanpl es denonstrate various enbodi nents of tBHdugusts2008

i nvention. However, they are not intended to limt the invention in any
manner. I n the exanples of Table 1, polysalicylate (PSAL) was added in
varyi ng Onts to a PPE Iy T g—an ilt.iddlbib viseostty—of—6; 12 dl /g and an
hydr oxyl] nunber of 367ngl /g dissolved Iin toluene and heated|at 240C. After
30 mnutes_an analvytical|l sanple was rienoved. After an addit|onal heat
treatment 124 mul ating an [é98 rusi on st pt00a second anal ysis was performed.

The convlersion data is prjovided bel ow.| Table 1. PSAL (wei ght| % Conversion %
Conver si pp—%after—based{on—RPRE) (30 min )additional heat trehtnent

oo TT™ T

24.510010845 5 August 24073 15.410010d 2. 595100

6.3 50 -

As demonstrated by these examples, very high capping conversions can
be achieved within short reaction times and at low temperatures. It was
unexpected that complete capping conversion could be achieved with 12.5
weight percent polysalicylate as based on the teaching of the prior art, it was
expected to require at least 4.5 times higher loading to achieve complete

capping.

Capped PPE having an intrinsic viscosity between 0.05 and 0.35 dl/g can
also be achieved in a melt process, e.g., in an extruder with high conversion
rates even at reduced ioadings of capping agerit as wouid be expected from
the prior art. Table 2 provides a compariéion between a PPE having an
intrinsic viscosity of 0.40 di/g and an hydroxyl endgroup number of 82 pmollg
to a PPE having an intrinsic viscosity of 0.12 dl/g and an hydroxyl endgroup
number of 367 pmol/g.

Table 2.

PPE LV. PSAL (weight % | Conversion %
based on PPE)

0.40 (82 | 4.0 >93
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As seen by these data, one would expect at least a 4.5 times higher

loading of polysalicylate to be required due to the proportionally higher

number of hydroxyt groups to achieve complete conversion. However, it was

unexpectedly found that PPE having an intrinsic viscosity of between about
0.05-0.35 dl./g., preferably in the range of about 0.07-0.25 di./g., and most
preferably in the range of about 0.10-0.15 dl./g. can achieve complete capping

with significantly lower amounts of capping agent.
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mol /g OH) 0.12 (367 4.047 noi/g OH) 0.128.091 0.1212.0100 As seen by these
data, one would expect at least a 4.5 tines higher |oading of

pol ysalicylate to be-required due to the proportionally highéugusi@eBar of
hydr oxyl groups to achi eve conpl ete conversion. However, it was
unexpectedly found that PPE having an-intrinsic viscosity of between about
0.05-0.35 dl./g., preferably in the range of about 0.07-0.25 di./g., and
most  pr eMéHAG s ChAIMED:ange of about 0.10-0.15 dl./g. can achieve
conplete capping wth significantly |ower anounts of capping agent. 17 5
August 2003 WHAT IS CLAIMED: | . A nethod to prepare a capped pol yphenyl ene
et her resikn comPkieHh ' / rhaifESy | ng an

i ntrinsi c1vi SC(%W%EOMQWr%%O%D?gd ;lﬁcgg@ﬁ‘%’ a(%?%.gg dr%ilgec?srﬁbni@ red in
chl or of or fEERINGE PlWpherylerwpeiheg) wgimhavingarsiotrinsit vistosity betpeeat ur e

bet ween 180, 30Q; o, pr,pduce a capped,pol he e.ether) resin
havi ng anem &Fcﬂgqsgqoggt&%?g@g @p%@ﬁur@ng c&ﬁyo?/(%ﬁhgtn%énﬁgwgh@. i solating the
capped poc!a)ﬁgplgeé-@/elannea esto v%rrw? a{ ae %énr%pgr%tu(t:'g Ib%Pv!/ene%’ 1 OQraer% 300°C to produce a

capped poly(phenylene ether) resin having an intrinsic viscosity between 0.09 and

0.15 dl/g and isolating the capped poly(phenylene ether) resin by chipping, spray

drying or devolatization of the solvent, wherein the capping agent comprises a linear
polysalicylate of the formula

iy

and said capping agent is used in motar ratio of capping agent to polyphenylene ether
resin hydroxyl of 1:1 and 10:1.

2. The method of claim 1 wherein the capped poly(phenyiene ether) resin
has an intrinsic viscosity between 0.10 and 0.15 dl/g.

3 . ,
The method of claim 1 wherein the capping agent is used in molar ratio

of capping agent to polyphenylene ether resin hydroxyl of between 2:1 and
4:1. |
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| drying or devolatization of the solvent, wherein the capping agent
conprises a linear polysalicylate of the fornula and said cappi ng agent is
~used in nolar ratio of capping agent to pol yphenyl ene et herb AugasirOA§dr oxyl
of 1:1 and 101. 2. The nethod of claim|l wherein the capped pol y(phenyl ene
ether) resin has an intrinsic viscosity between 0.10 and 0.15 dl/g. 3. The
nmet hod of claim 1 wherein the capping agent is used in nolar ratio- of

cappi ng agent tTtheni | f ween, 2: 1. and
4: gp 1% SQAugust %o%wayrﬁlgnﬁnﬁfgﬁfeé @ﬂé%ﬁébéfg ‘Jt)qﬁtdeBﬁrﬁ@“%gent i's

used in nmdf &ﬁppﬁlglQgefﬁﬁo@@bmhegybgteratheorqsm sipdhenyl eftsot@icBare. seskay hydr oxyl
of betwee 5:1 and 3.5:1. 5. The méthod of claim | wherein the sol vent

is selected fromthe group consisting of benzene, toluene, xylene,

o-di chl orobenzene, tetrachl oromethane, trichloronethane, dichloronethane,
1, 2-di chl pr oet hane, and trichl oroethylene. 6. The nethod of claim!]l

wher ei n tﬁe cagpedng %’Wfé%@iﬂbihévhﬂra@rthemi\rent||$seieoie@it1%’|mﬁhe group

devol ati | od of claiml wherein the

capped pOFéﬁiéﬂ& gfn%ée t&@??ﬂ Ayiene, b -Rhibrs benzene,
tetrachloro_methane, trichloromethane, dichloromethane, 1,2-dichloroethane,
and trichloroethylene.

6. The method of claim 1 wherein the capped polyphenyfene ether resin .
is isolated by devolatilization of the solvent.

7. The methed of claim 1 wherein the capped polyphenylene ether resin

is isolated by devolatilization of the solvent wherein the devolantilization is
done at least partly in an extruder.

8. The method of ciaim 1 wherein the capped polyphenylene ether resin

is isolated by spray drying.

9. The method of claim 1 wherein the capped polyphenylene ether resin

is isolated by precipitation followed by collection.

10. The method of claim 1 wherein the capping is at least partly done
during a devolatilization step to remove the solvent.

™. The method of claim 10 wherein the devolatilization step is at least

partly accomplished with a devolatilizing extruder.

19



is isolated by devolatilization of the solvent wherein the

devol antilization is done at least partly in an extruder. 8. The rethod of
claim| wherein the capped pol yphenyl ene ether resin is isbPapest A¢3spray
drying. 9. The nethod of claiml wherein the capped pol yphenyfene et her
resin is isolated by precipitation followed by collection. 10. The nethod
of claim [Iawher_ghn the capping is at least partly done during a

devol ati | #2at i ofihenegthod of elaive! Whersialat lm 1o
wherein the tili zatl on step is at %Sgt rgrgblebfrmé?g&rg%gs twith a
devol ati | '8 &egﬁ Y{ige? ¢ eYQfaghlﬁj@Es?eteQG@mmEveﬂheschath of claim| wherein
at- least a portion of the capping agent is added during a devolatilization
step to renove the solvent. 13. ' The nethod of claim1l 12 wherein the
devol ati | il2ati onThe er[etrncsj @'tcrdrmasﬁz WEdrbinyth@ 86 IRl SRAL 1 kMt oast

devol atili ertn extru
39 accompli shed W|th a devolatilizing extruder.
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