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(57) Abstract

The invention relates to methods of capping poly(phenylene ether) resin having an intrinsic viscosity between 0.05 and 0.35 dl/g.
More particularly, the methods comprise capping a poly(phenylene ether) resin having an intrinsic viscosity between 0.05 and 0.35 dlfg in
a solvent to produce a capped poly(phenylene ether) resin having an intrinsic viscosity between 0.05 and 0.35 dl/g and isolating the capped
poly(phenylene ether) resin by removal of the solvent, preferably in a process other than precipitation. The invention also relates to the
capped poly(phenylene ether) resin having an intrinsic viscosity between 0.05 and 0.35 di/g.




CAPPI NG OF POLYPHENYLENE ETHER RESI N CROSS- REFERENCE TO RELATED

APPLI CATI ONS Not Applicabl e FEDERALLY SPONSORED RESEARCH Not Applicable
BACKGROUND OF THE I NVENTION 1. Field of the Invention The i mvaRjusproge! at es
to met hods of cappi ng pol y(phenyl ene ether) resin, and nore particularly
relates to nmethods of cappi ng pol y(phenyl ene ether) resin having an
intrinsic viscosity GARRING QmEO&WI-QEWLENEgETHEﬁREgmy bet ween about
0.09 and 0.15 dl/g. 2. Brief Description of the Related Art Pol y(phenyl ene
ether) resins (referred to hereafter as "PPE") are commercially attractive
materi al s because of their unique conbination of physical, chem cal, and
el ectrical properties. Commercially, nost PPE are sold as blends with

pr edoni namrgsshRefERENRRCTO RELAEVASIfcATRSg"S. PPE are niscible with
pol ystyrene resins in all proportions and because of the very high glass

transition tenperatures of PPE, the blends of PPE with polystyrene resins
possess hN@’ﬁ@\pPH@%\Qleresi stance than that of the polystyrene resins 1 5
August 2003

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



al one. Exanpl es of such blends can be found in U S. Patent Nos. 3,383, 435;
4,097, 550; 4, 113,800; 4,101,503, 4,101, 504; 4,101, 505; 4,128, 602;

4,139,574; and 4, 154,712 anong others. Many commerci al pol y(Ghanst 20ES

et her) resins posses endgroups having an aromatic hydroxyl noiety,
general ly an al kyl substituted phenol residue. These residues are believed

toI aE:t has aiadecﬁxﬁsrmiesengeum aMdsmmetq%lmudoym Ulelmﬁ?atbh?gws' b@tﬁe 245 i cal
pol y( pheny er | cations involvin esirabl e radi ca
reactions. ‘L’ng 5§§ 4413'?50 ‘Q SE%IOQ p‘i)? Pe&0on ‘?féo'gkﬁ% pofyli@8 62t i on of
styrene nmqgglsmehhbar*lsii Pﬂ@aﬁ{on\ljé PerOrmnorrers in the presence of

pol y( phenyl ene eth r) resin. Simlarly, poly(phenylene ether) resins

beconme dark and enbrittled in the presence of oxygen and high
tenperatures, presumably due to oxidation of these same hydroxyl groups.
Cappi ng the hydroxyl noieties present in PPE affords a solution to many of

bl ends such Te oyt aiecoia) BOPRFERblenc! Biler) fisls RE¥Sen PagbidhnschGBbs o

wel | as tamernwosetic thqslrcmyl mméwdlgeg\emﬂ@aénr:ﬂkyﬂdsmtm&(eat Bﬁé&%lﬁ%’%ldlﬁa
allylics, _..bismal e i ke.” U S. Patent No. 4,760,118 descri bes

a net hod t&eéﬁﬂeﬁd%@p‘?fgn l—S"rY@d t@tq’fgrﬁs redicalsSGayenores endi cansegolentint | ess)
s ng 2 ol hengl ehe o ars neRybhE eicd) HeRRls M- HpBtetbhecBEoRIET about
0, 48 dI / g desdablef adical restiivnonOne axasyss of a desirable application 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. Patgnt 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

[



for capping relatively high nol ecul ar wei ght pol y(phenyl ene 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 5AugustZi03

i ncreased 5 August 2003 processability and mscibility as conpared to
commercially available resins having intrinsic viscosities between 0.40
and 0.49 dirPgessapility ane misaikibly as rompared o coounergiallyeavaildbie resins

endgr oups i ¢ : j r ong, . accent uat ed.
Cappi ng. pdl i ERffse MadteMat BRLEBIF & 40 el % AP0 Bl 3RS lRee
pol y( phenyihigineicevibeodityr s muntbey. of leAMYAWIPAN iNoMEA$S iandY BRFERIdnIoREd Ween
0.05 and 0.35 dl/g, presents issues that were not previously recogni zed.
For exanpieolefms téngwng‘? FeERMLARdecul ar wei ght pol y(phenyl ene” ether) resin
has a significantly higher proportion of hydroxyl noieties for capping.
Simlarly, relatively |ow nolecular weight poly(phenylene ether) resin can
not be efficiently isolated after polynerization using conventional
sol vent precipitation techniques due to the extrenely snall particle size
gener at ed wi EAPPiBEnPElY{PRATIICRS cethieguassinTelativalyndow  salenigah weight
rel ativel I L.gh ol eny!. ther) tresin als esents
speci al i gh&@ﬁ@s'%i%iegﬁr}%%gt tﬁ@t Pé%@ﬁgngxéﬁ@%g oﬁ%?ﬁ@‘&{ ﬁggﬁ?‘?ﬁ‘ﬁ e. It
i s therefand a3Sadbgt ptdsants Hesuesc tndti waes o bl@va)dsﬁeéetfg@%niké@f opgd
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met hods for ca? |n9 re a}i velg | ow nol ecul ar wei ght poly enyl ene et her)
example, refat lecular weight poly(phenylene ether) resin has a

significantly higher proportion of hydroxyl moieties for capping. Similarly,

ively low m
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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resin. SUVWWARY COF THE | NVENTI ON The invention relates to nmethods of capping
pol y(phenyl ene ether) resin having an intrinsic viscosity between 0.05 and
0.35 di/g, preferably between about 0.09 and 0.15 dl/g. MorseAygust 2@28 arly,
t he net hods 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 chloroformat 25C with a capping agent in a solvent at a

t enperature between 160 and 300C to produce a capped pol y(phenyl ene et her)
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 devol apolgiphemperef ethibg reslﬁlhaem'g aMh&fr@chnéd&@utﬁB@tWe@g CBAEERLd fREMRASES a

| i near | ate of ;the f and sai d capping agent is used in
nol ar r at(li)ég%*/gc pprag” %éthhlPré’f?fFﬂ stp‘fl'l%%y‘i‘”gh@ GEPRiBp agerkia FYlweaia of 1:1
and 10: 1. teTiiperatarecndtivean al6e® ane| F008G tbCprbdilﬁ:eCQ%E %%{ﬂmﬁwh@%ﬁweﬂ her)

resin havlj afe} and Pref erably

| Rlrinsic viscosity bet
bet ween about ﬁ%’ %6 98hn '([j' gSis Visgsty b%’ﬁ Qﬁj agt o &Vﬂo@f‘ﬁe’ﬁ@.f@“@f
i nvent i oncappkdl poly(piraylapp @tien) ream bydesssindeprdledi§ing-or devolatization of the
solvent, wherein the capping agent comprises a linear polysalicylate of the formula

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:



DESCRI PTI ON OF THE DRAW NGS Not applicabl e DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Pol y(phenyl ene ether) resins, hereinafter referred to as "PPE"
are known polyners conprising a plurality of structural uniStAugut 2008
formula: 4 5 August 2003 wherein for each structural unit, each QL is

i ndependent|y hal ogen, primary or secondary |ower alkyl (e.g., alkyl
containing up to 7 carbon atons), phenyl, 4a 5 August 2003 hal oal kyl ,

am noal kyl , hydrocarbonoxy, or hal ohydrocarbonoxy wherein at |east two
carbon atons separate the hal ogen and oxygen atons; and each Q2 is

i ndependent IQ hyergen, hal ogen, primary or secondary |ower alkyl, phenyl,
- hal oal kyl, hydrocdrbonoxy or hal ohydrocarbonoxy as defined for Q.

Pref erably, is alkyl or phenyl, especially C alkyl, and each @ is
hydr ogen. * ppady+er and copol ymer PPE are known and included in the
present invent / The preferred honopol yners are those containing 2, 6-

di nmet hyl -1, épne ether units. Suitable copolyners include random
copol yners nt ai nkng, for exanple, such units in conmbination with 2,3, 6-

wherein for each structural unit, each Q' is independently halogen, primary or
secondary lower alkyl (e.g., alkyl containing upito 7 carbon atoms), phenyl,

4a



trimethyl -1, 4-phenyl ene ether units. Al so included are PPE contai ni ng

noi eti es prepared by grafting vinyl nononers or polyners such as

pol ystyrenes, as well as coupled PPE in which coupling agendsugust2083 | 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 ipalodliyt ammwlbyl ryideccaraonoey, ght tmhblwdrocaﬂbbnm@lwbereap@rent to
th killed t, f t he, f ' that th ted f
use i n"t heeBPLbI ERTHR AP SoRA Bl e HIOPHL 89 Y YRR AIs ihRach & '
i rrespectijgangé é’rfdérﬂ&f' h?y@ﬁogéh Shdibgénriimany drssebnads) lohar ki e e\ﬁ@i

features. The enéral l y have an intrinSic viscosi'ty often betwéen about
0. 05- 0. 3amalbavkgl,, grpﬂe@@rbanqu not hBalohgeocerbenuyt @ ozzefunezcs tr./Q!., and

o oot Tl el LB o b B <O Al o PR T

viscosity HiRfrogehsi de 5 5 August 2003 these ranges in conbination with a
| ower intrinsic viscosity PPE within these ranges. Detern ning an exact
intrinsic viscosity to be used will depend sonewhat on the ultimate
physi cal properties that are desired. PPE are typically prepared by the
oxi dative coupling of at |east one correspondi ng nonohydroxyaronatic

conpound.  Pagoii HathbpolyaRl ndiR8polymer 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



readi |y avail abl e nonohydr oxyaromati c conpounds are 2, 6-xyl enol (wherein
each Q is nethyl and each @ is hydrogen), whereupon the polyner may be
characterized as a* pol y(2, 6-di nmethyl -1, 4- phenyl ene et her), Sadudyudt 2008

tri met hyl phenol (wherein each QL and one @ is nethyl and the other Q is
hydrogen) A variety of catalyst systenms are known for the preparation of

PPE by Peg M8 éé)%P'cb@%ineﬁi%h Wit aniearerwihsféﬂgao&@ngw@mm %%g one

heavy neta corrp as a copper, nmnganese of al't ‘conpoun
usual | y i rangesbilietefroining tén \exacbustriosiceviseasidy ital be Asédr will c:ie@xesdof

operative catal | sts, of t ntaini.ng, a copper conpound.
et ot o SR U Bue PPl R bR e A B oS 05 000,
3,306, 875, 3,914,266 and 4,028,341. They are usually conbinations of
cuprous or cupric ions, halide (i.e. chloride, bromde, or iodide) ions

and at least one amine. Catalyst systens cont ai ni ng manganese conpounds are

al so known, Theﬁ% are gener al lé ékal i ne stens i n which dival ent
manganese TREc&H®i ieiallyt Rreraied Eﬁ%flel FOUPHI% o R dFasineRdxi de.

o rore. ool RoTaaRfER o AN coiount CoAcaRr; IaFRuCHnd (1 one
al kanol anireadily avkijaliaetbaohydrexyaromaticosorapounds are 2 6 -xylenol (wherein
each Q' is methyl and each Q? is hydrogen), whereupon the polymer may be
characterized as a poly(2,6-dimethyl-1,4-phenylene ether), and 2,3,6-
trimethylphenol (wherein each Q' and one Q? is methyl and the other Q2 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



al dehydes, o-hydroxyazo conpounds, onega -hydroxyoxi nes (nononeric and
pol yneric), o-hydroxyaryl oxinmes and beta -di ketones. Al so useful are
cobalt-contai ning catal yst systens. Suitabl e manganese and 8ahglist 2003
cont ai ni ng catal yst systens for pol yphenyl ene et her preparation are known
in the art by reason of disclosure in numerous patents and publications.

I'n one of pidseeRes compidle withverd igpmbe BomBidiath P/ Rleehfyi ng an
about O. Og!-%s.%SS dl ./ .njélpreflerabl y in the IJrﬁgng.e of about (%%7&0%285 dl./g.,
and nost spclfasr disikylaminese atkanglanoineab slitylemeg@oines, @-hydroxyanamatic

measured i chl or of 5 ' conpri.se ' ing said PPE in

sol ution \ﬁrd[eﬁ'ya?& é@ﬁ)g}ﬁg%eg?@%%gg’a;&?@%q% 5@@5%3%’,‘! EW%HPFFQCF%CaCi d or
a subst it ghghehahiney, ivBydroRgamPbxirdew Bharbeta peietbBes OIS i idedllisal epar ed
by said nethod. For the nost part, it is_desirable for all hydroxy end

groups onCPRalt-ppRtainingeca@yfhe8YPPMhe nevikRfHe ofmManganesey e?id ofObRbweVer |

the i nvent.Lon.i TpATelSy |¢aﬁ,ﬁ] A <C i : i .uncapped
PPE, that EP@@'@%EH%tgg% ng {c;er mI a%%reo%hglp E%%asr%haﬁo‘%%ok&&gg %nhe
capped PPthenarttblirsasorvehdisolosutenia iPEeicsisipsdetisdandpalblicatehs. with at | east
one ester of salicylic acid (preferably) or anthranilic acid or a
substituted derivative thereof. As used herein, the term "ester of

salicylic acid" includes conmpounds in which the carboxy group, the hydroxy
group or both have been esterified, 7

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. |



5 August 2003 Qther than as defined above, the precise nolecular structure
of the ester is not critical. Various substituents nay be present on the
salicylate ring, including, for exanple, alkyl, aryl, al koXxpAugesty003nitro,
car bal koxy andnitro, although unsubstituted conpounds are preferred,
Particularly preferred are salicylic acid esters, including sinple esters

of the fothet thaPOERA<IREAWbiss &2, thegsraciss MpideduiePsiganid v ydeegsnsor an
i ic . or aromatic radical, preferably a hydrocarbon

al i phatic, {';\Il,iyc! . |
radi cal , 8P @ﬁg@ -on¥afau tustibiants manabe hpi@ssgemn ¢he \dalisylate gingt t he

f I it qin&- i e h L ' | I
one ¥ bei oo forY el RV L, E3E "akakp B4l 8., Btk Fndfivelr " a
R4 val uesalihedigh abbybdiduteg cortbylinds s preféired.

car bonat e(benzo- 1, 3-di oxi n- 2, 4-di one), having the formula cyclic oligoneric
esters (salicylides) of the formula 8

Particularly preferred are salicylic acid esters, including simpie esters of the

formula

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



5 August 2003 wherein n is a small integer and especially 2 or 3; and

| i near poiysalicylates of the forrmula wherein n is at |east 2. The capping
agents which are generally found to give the best vyields of 5Algestz(ised

pol yphenyl ene ethers of this invention are aryl salicylates such as phenyl
salicylate, aspirin (i.e., acetylsalicylic acid), salicylic carbonate and
poi ysal i cyl aties cl ydi ng both lIinear polysalicylates and cyclic conpounds
such as disali m- nd trisalicylide. Such conpounds as phenyl salicylate
and aspirin t—1/0 florm aci di ¢ by-products (phenol and acetic acid),
which may b irable. Therefore, the nost preferred capping agents are
salicylic he poiysalicylates, especially |inear

pol ysal i cy o i re dappi ng agents which may be used according to the

i nvention, s as phenyl salicylate, aspirin and isatoic
anhydride|lare comercialjly available. Salicylic carbonate is a known
conpound which may 9 5 August 2003 be prepared for exanple, by the
reaction of sajlc lic i.d with hos alicylide and trlsallcyllde
are al so RABFAN ?e‘"ﬁ(ﬁéi‘ﬁeg&r@{aﬁ ﬁhﬁf é'r%”é/:!‘i‘%ard?‘)'&% igyiates ghker et
al ., J. Cmggkxﬁgga 1951, 201. Linear polysallcylates may be prepared by
anionic pol yneri zation of salicylic

L

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

9



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
treatnent of salicylic carbonate with a catal ytic amount of5 Auguet pgdzam ne;
Dean et al., J. Chem Soc., Perkin 1, 1972, 2007. Linear polysalicylates
are additi onal |y obtai nabl e by react| ng sal icylic acid wth acetic

anhydri de ber Praasag! fehesaimme, byrtheyreagtion yafi salioyliasgid iwitrephssyandat

| oner te n | 0 Baker et al.; these nethods are
i el osed ra 88 BHR o203 HastiRG SEG AR ciman s iREEBABHOBERY No.

151, 844, fiyrslgsiEel asPirinl Bker ebanal | heih8otea@soppef salicylic acid with
phosgene in the presence of a tertlary am ne such as triet hyl am ne affords

| i near polysalicylates in high yield. According to the invention, the PPE
is heated in solution with the capping agent. Typical reaction
tenperatures are in the range of about 160-300C. Aromatic solvents such as

benzene, 1 fdif %ly%k@%@ﬂ%f??hﬁ?érﬁgﬁﬁg%m g:rofélq‘?or % }@%Lé ASher red:

al t hough tetrachloronet hane ane
1, 2- di chl epcheNEtRIcSag@usa etal. oPolythyBathe 1 n841 aﬂ@m)beTh@}eHave 'ﬁlnz_@) B&RPi ng

et on, BB BERNE NS AR bl UingaBrpreg i cy B Toditssimont  ne”

sol vent . ameaimtwarbengtelwancb @awﬁ:Samwﬁ{ \eﬂfi‘%rlétﬁﬁg tlﬁs GPRY NG agent
into a de&gl atilization_ piece_of g pnent ke an devo at| i zI ng’ eéxtruder.

Al ternati ¢EFJ- BRE CBPIKIThY. 48R eLlﬂea@eaolMsahwlatea arel additionallya nel t,
like €. goptaifhifle BYMERERG2icHrd BHRCWith 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.
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10 5 August 2003 The proportion of capping agent used should generally be
sufficient to react wth substantially all hydroxy end groups, including
any am noal kyl end groups and 4-hydroxybi phenyl end groups StAgiush2g03dbe
present in addition to any conventional 2,6-dial kyl phenol end groups as
known in the art to be present on PPE. The latter include any groups

formed durihegpidppriainRf REppRACAGOR Bded 6&&@5%&%@%8%%&%%&ncapped

am noal kyl end groups. The nol ar proportion capping agent wll to sone

ext ent dep*éﬁdSléiPﬁt@'h*ga”Wﬁill faedipyy engiggavpariacludingl anyf arindatiyy Ené rgtogpsoups i n
t he PPE, | - ituted "tail" .end, gr |t
from equi £r T efSnyeerty B SR HER ik PréieniaRorodih U8 ai s, ' hoo

of t en aboebnentichaid, eudialledpheadiestics graupd g5 hewabihynhahatito Bebpresanp nol ar
equi val ent s 19f caﬁ%(n g_gﬁné, based on_PPE h%-'drox | nunber, is usually
adequat e. \MtPPE E‘g@f U 30 [GHP'RS arBest during appinheractondy. 3.5
based upogekhsinRRERYEH bd fmm | g ol to achi eve capping
| evel s in gxcespsBBoP 90% gse upor?p;b%g ﬁ@gﬁﬁgéﬂ‘@ es'pri or art wherein
nmol ar anount of 4.5 or nore were necessary to achieve simlar high capping

| evel s. Mninizing the anobunt of excess capping agent is extrenely
desirable from both cost standpoint and overall final purity viewpoints.

b & STnd! Ml bR B Yapdify HBLRE WP 'Rrhd DR AlodiPeh B°
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



in the conposition. The term "polystyrene" as used herein includes polyners
prepared by methods known in the art including bulk, suspension and
emul si on pol yneri zation, which contain at |east 25% by wei ghtAuglsis2003ct ur a
units derived froma nononer of the fornula 11 5 August 2003 RS C=CH2
wherein R5 is hydrogen, |ower alkyl or halogen; Z is vinyl, halogen or

| ower algyl ~apgp is fromO to 5 These resins include honopol yners of
styrene, chlorosfyrene and vinyl t ol uene, random copol ynmers of styrene with
one or nore-Rpnoners illustrated by acrylonitrile, butadiene, alpha
-nmet hyl styre g%ﬁylvinylbenzene; di vi nyl benzene and nal ei ¢ anhydri de,
and rubber Ppol ystyrenes conprising blends and grafts, wherein the
rubber is a ™~pol ybut adi ene or a rubbery copol yner of about 98-70% styrene
and about 2- 30% di ene nononer. Pol ystyrenes are known to be mscible with
PPE i n alWhemi®Porisimaisogat)dodBy afliys br Plafiten sy i§AW@ RaRQYersby fng i n
anounts of about 5-95%and nost often about 25-75%" based on total resins.
I n one endt¥i @BHALP i$ @ dhisbSi tTheas resinshing!udeybemiopalymaeis beestyrermwn by

i nfrared - I ﬁ)%i e I 0s y {0 contain

end gr oup@ngﬁgﬁfrg@?i%@q gth &itg@te grga?%%rl?&éérﬁeés q@%fsdioﬁgﬂ?g/fen%ng"?tﬁe?'t‘%sqﬁect of

the i nvenbre@mdronoenspiiastatedsbyc aoplordiring c@pprthePRphdi-atetopeRfémse pol ymer
ethylvinylbenzene, divinylbenzene 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




nol ecul es having end groups of at |east one of the formulas O 1l 2
4-C---A-Z Hand 12 5 August 2003 0 it 2 OCA-Z Hwherein Ais an
unsubstituted or substituted o-phenylene radical, Z2 is O of Auybkttd3Q 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
condi tions Snployﬁf tQ2a kebgne of the formula O which then reacts with

t he hydroxy o f nd group of one of the aforenentioned
formul as. The be [ Iated in a variety of manners, e.g., by
non- sol vent _by_ce@f;l ection of the capped PPE,

t hrough diredl ion o} the solvent by chi pping, or spray
drying. In a pre podi nent, the capped PPE i s i sol at ed by passing
the reacti o’ nlxtﬁre Q

wherein A is an unsubstituted or substituted o-phenylene radical, Z* is O 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.
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t hrough a devol atilization extruder capable of reducing the solvent |evel
to less than about 2000 ppm preferably |ess than about 1000 ppm Wen a
devol atilization extruder is utilized, it is often preferre@ August2idntrat e
the PPE solution sonewhat, typically to greater than about 50% soli ds,
preferably greater than about 60% solids, before feeding the PPE solution

to the g{{ﬁ Usi %}% éewgﬂﬁ}h ateROS Nt 431 1A ﬂ;tge*éple&fdn' b g@é ;araggagruder

for the t i'soltation o ecape PPE, 1t was oundt i onal
under wat ePRE, ivahsfosmt thatdealitiong! uhderwmed@r vaiteespraydatoling aff sresds by

chopping the extrudatg inta pellets gave unacg bI e resul resumabl
due to th&f| EXTHERE sﬁ' h %dcf’ﬂwgpgntthebr‘? 'ELF QatUfPe RA! %?%5)9%? ecul ;r

vei ght PPf a&éeq}%@ef Régﬁfﬁstﬂ@suﬁ%w alie tBeiHeeIdefi‘ﬁélP%tr‘éﬁ@ﬂﬂbﬁHQﬁhé}:@?ﬁt
over cone t ese ficulties. Usef Ul technlgﬁ? 8I ncl ude™di e-f ace
ti

pel | eti zabritile, natareudi nigwurroeleadtasr weight eP nwasd feungkithg! speel i ni ng

el | ot 1 zabPURReR hablfRsore DaBRihe B8 Ufhoufsf, | BERYBPANER cappea

PPE of t hirfclidwy eg-faue peRetization)yndieding clisdsnered petlét@zaﬁonaamdiakiﬂ@E For
exanpl e, thely are much | ess suscegtl ble to oxidative degradation  at high
t enper at ugesiiningiangle s§feRente fediea O yHSEG MEHET SEraying. caiid Vigrafionsirenp

enbri tt1 egERL;JHRGR WiGRLinaGMMel BefitlzatiBn &sPbeRIPSuRaHRCT €ase in oxygen

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



upt ake under hi gh-tenperature conditions. For the nost part, tensile
properties are not materially affected by capping. Additionally, the capped
PPE reduces to a large part the radical scavenging the capabiAugust 2003t he
PPE. Thus, the capped PPE are useful in process that involve radical
initiation and/or reactions, styrene pol ynerizati on processes as

esine. CpSRERT tqesﬁeti’ms%i%ﬁynaﬁéé rie” Al g SRR B e e G o e

di stortiopy [,gtrgmmgfmte astenaeg rgteyial s may be | ower than those of
t he corresppﬁc')ndl ng uncapped PPE. For exanple, l|inear polysalicylates are
found to cause a greater decrease in said tenperatures than salicylic
carbonate. This phenonenon is apparently the result of various by-products
which plasticize the polyphenyl ene ether. The plasticization effect nay be

14 5 AusUEt AORRNEAGE SRSA pEHATONBAY BatlbRsol i ng and repr eoi i at ng

the pol yner us renoving the plasticizing materials. The
invention is il Iustrated by the foll owi ng exanples. Al patents cited
herein are hereby incorporated by reference. Exanples The foll ow ng
illustrative exanples denonstrate various enbodi nents of the present

I nvention All Hgy&\{g lte& ?\%\‘elﬁra?e%%?ebfh%ewa é?j ﬂ)y F@féretnlas Invention in

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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any manner. In the exanples of Table 1, polysalicylate (PSAL) was added in
varying anounts to a PPE having an intrinsic viscosity of 0.12 dl/g and an
hydroxyl nunber of 367nol/g dissolved in toluene and heat efl Aaigu@4D03 After
30 mnutes an analytical sanple was renoved. After an additional heat.
treatment, sinulating an extrusion step, a second anal ysi s was perforned.
The conv on data 175 priofgied betow. 1 Fe—1—PSAE—{wet-ghty % Conver si on %
Conver si pn t’o after based jon OI;PE)(SO mn.)addi ti onal heat treatnent
24.51001p0 15 5 Auqust 2(Q03 15.4100100 12. 595100 8. 47286 6.350-- As
denonstratl2d by these exdrgd es, very higo cappi ng conversions can be

achi evedl within short regction tinmes gnd at |low tenperatures| It was

8.4 72 86

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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unexpected that conplete capping conversion could be achieved with 12.5

wei ght percent polysalicylate as based on the teaching of the prior art, it

was expected to require at least 4.5 tines higher |oading béugo$tizong

conpl ete capping. Capped PPE having an intrinsic viscosity between 0.05

and 0.35 dl/g can also be achieved in a nelt process, e.g., in an extruder

wi th hi gh ueesiceOsl)ont rates even at neduced | oadi pgs of capping agent as

woul d bejexpected frlom the prior artl. Table 2 provides a conpari sion

bet ween a_PPE having an - intrinsic viiscosity of Q{40 dl/g and an hydroxyl

endgr oup | Rutber G6782% Aol /g to a PPE4aving an iptrinsic viscosity of 0.12

dl /g andjan d yl| endgroup nunben of 367 nol/g. Table 2. PPE I. V. PSAL
SRRgeEDEY

(wei ght ¢ % based on PPE) [0.40 (824.0>P3 16 5 August 2003 nol/g
OH) 0.12|(367 4.047
0.12 8.0 91

0.12 12.0 100

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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moi /g OH) 0.128.091 0.1212.0100 As seen by these data, one woul d expect at

| east a 4.5 times higher |oading of polysalicylate to be required due to
the proportionally higher nunber of hydroxyl groups to achdéugug@ipBet e
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 nost preferably in the range of about
0. 10- 0. 15 WHATYS GbAIMER:eve conpl ete capping wth significantly |ower
anounts of capping agent. 17 5 August 2003 WHAT IS CLAIMED: | . A nethod to
prepare a capped pol yphenyl ene ether resin conprising capping-a

pol y(phenyl ene seffRerad tSidpaia W sl pdll %ﬂl@é%ﬁ?&éiﬁh&gﬁ%}%@ 0.05 and

| ess than 0.35 dl 1g as neasured in chloro : ng agent
in a sol veappiag apoly@harvaneetherivssin hgdnganin8UBicvisoogityobete@en capped

b 15 81 oA ElatEhah Tt ol S ae Ao AN e C wiBien by chi ppi ng,
i g;rg?/i Sles&rg}gir@gaque&t gnes\al Osloﬁftéiw? g{ é?gmgérab?g bse v!/é/eef\]n% 60“%%r3?0ior‘}cttg%rg&%giang agent
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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polysalicylate of the fornula and said capping agent is used in nolar ratio

of cappi ng agent to pol yphenyl ene ether resin hydroxyl of 1:1 and 101. 2.
~The nethod of claim| wherein the capped pol y(phenyl ene et heAugusigilA3 has
an intrinsic viscosity between 0.10 and 0.15 dl/g. 3. The method of claiml
wherein the capping agent is used in nolar ratio- of capping agent to

pol yphenyl ene ether resin hydroxyl of between 2:1 and 4:1. 18 5 August

2003 4. The nettradneithed af bl ' i s, used in.nolar
ratio of capping agent to%@%@ﬁ@%%ﬁeﬁﬂgﬁér%ggﬂﬁ%%@mo%‘f‘ B ween
2.5:1 and 0f §2BPNg agentrie pelphedylenecdthentdsimhediexpl disstaabrens. 1 sneel ect ed
fromthe rayp consi sting of benzene, toluene, xylene, o-dichlorobenzene,
t et rachl oronet hane, trichl oronet hane, dichl oronethane, 1, 2-dichl oroethane,
and trichl oroethylene. 6. The nethod of claiml wherein the capped

pol yphenyfene ether resin is isolated by devolatilization of the solvent.
7. The method dhednaifed ofigiaime whereindhpmatiqm iy shieotddeemeahBejrof§Si n i S

| sol ated Byndein 8t bbhZdd, BuBhe! RenS! o GhBEL S1ema e devol antiTi zati on
tetrachloro_methane, trichloromethane, dichloromethane, 1,2-dichloroethane,
and trichloroethylene.

6. The method of claim 1 wherein the capped polyphenylene 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 soivent.

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

partly accomplished with a devolatilizing extruder.
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done at l|least partly in an extruder. 8. The nethod of claim| wherein the
capped pol yphenyl ene ether resin is isolated by spray drying. 9. The

met hod of claim | wherein the capped pol yphenyfene ether re8ANgust280gol at ed
by precipitation followed by collection. 10. The nethod of claiml| wherein
the capping is at least partly done during a devolatilization step to
remove the solvent. 11. The nethod of claim lo wherein the devolatilization

step i s af2l easThe peethby cfetonp] Wsleesini tdehl zi t r. 19 5
August 2003@%’%@516_ met hod of claiml nwgﬁﬁgﬁﬂpggggh%%gpﬁgﬁgﬁ t he

cappi ng ad WHeed dgvelatitizationestep 4o iréinpse itos sehvept.t o renmove the
solvent. 13. ' The nethod of claim1l 12 wherein the devolatilization step
is at least partly acconplished with a devolatilizing extruder. 20

13.- The method of claim 12 wherein the devolatilization step is at least

partly accomplished with g devolatilizing extruder.
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