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havi ng an intrinsic Ay i t g, preferably
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Pol y(phenyl ene ether) resins (referred to hereafter as "PPE") are
commercially attractive materials because of their unique conbination of
physi cal, chem cal, and electrical properties. Commercially, nost PPE are
sol d as bl -N#ﬁéﬂeﬂé@ﬁ@ﬁ&ﬂﬁ@hh&?hbﬂﬁ ngpact polystyrene resins. PPE are
m scible wth polystyrene resins in a ? proportions and because of the very
hi gh glass transition tenperatures of PPE, the blends of PPE with
polystyrerh;bt ' lPpossess hi gher heat resistance than that of the

pol ystyrene resins *159159* WO 00/ 46275 PCT/ US99/ 29068 al one. Exanpl es of
such bl ends 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;
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Not Applicable

BACKGROUND OF THE INVENTION
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1. Field of the Invention o000t

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 resins 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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4,139, 574; and 4,154,712 anong others. Many commercial poly(phenyl ene

et her) resins posses endgroups having an aromatic hydroxyl noiety)
generally an al kyl substituted phenol residue. These residues are believed
to act as r¥W@i¥#27scavengers and consequently limt the uRGCHUS9Y29968

pol y(phenyl ene ether) resins in applications involving desirable radical

reactions. afgne. Esampiés @ﬁs@hdﬁ&lds&ﬁhfbeaféﬂhd ﬁaUISJrPaténttmfs BXsgmRs! zat i on of
Styrene nonomner ei ther al one presence of

pol y( pheny ¥ 280 erd. 1?%§99} 31191"159134 y4 HHI §R4phe4rﬁpbﬁ@5,et Ae2P.8025i ns becone
dark and enbrigisAsednd @, 1537 2r S &NEs. OXygen and high tenperatures,
presumably due'to oxidation of these same hydroxyl groups. Capping the

hydr oxyl noieties present in PPE affords a solution to nany of these

probl ens. Moreover, capped PPE would al so have utility in many PPE bl ends
such as, for exanple, blends with other thernoplastic polynmers as well as

t her noset resMarsy covamendialgpaly(phényieriecethpl) rgsing pbsses emsgrogps Baving | CS)
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pol y(phenyl ene et her E){e5| ns having an intrinsic viscosity between 0.05 and

0.35 dl | g @Qmerizay stygeneHBeRom cPé‘a%’efﬂmze or With GOMeseTErRdT e/ 29068
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| ow ol ecul ar wei % enyl ene et her resin Vi ng an intrinsic
vi scosity KEPRIBENS. "D'Q“H‘N "'@“‘33'55 dresgnt i §n@f§°fﬁ§§uﬁﬁg‘ltﬂﬁ‘a® Mer¥ ofot
previ ously ReqHohigRE: NMeofdaBRbfed Pﬁé%u\’@é%o 'na% mh?wh%?“ g ht

pol y(phenyl ene 'ether) resin has a S|gn| I cantly highe r opo on of
hydr oxyl mbfeé‘ﬂﬁ &ych ap. ferpyamele, bippds with gther meampplésgtc P@Wﬂﬁﬁl acwelhr wei ght

pol y( phenylgnghepinBssy ré&sd nnaaann§0 rafdd u}émaﬁé %eghed afnpﬁc%f

pol ynmeri zation using conventiona vent p e ipitation technlques due to

t he extr embisynaleimidespand the likesi ze generated with conventi onal technl ques.
The low nelt strength of relatively | ow nol ecul ar wei ght pol y(phenyl ene
ether) resin also pr esents speci al issues, especially with stranding and
choppi ng the extrudate is therefore apparent that there continues to be

a need for | net ho rel at | ow cul ar wei ght

pol y( phenyl e Ffé?’?t &85%?176%8{1@\/&%"@8 gt hﬂfgl‘\%l Jpsﬁméﬁ@% on rel ates
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having an intrinsic viscosity of about 0.48 dl/g and afforded solutlons 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



WO 00/ 46275 PCT/ US99/ 29068 pol y(phenyl ene ether) resin having an intrinsic
vi scosity between 0.05 and 0.35 dllg, preferably between about 0.09 and
0.15 dl/g, in a solvent to produce a capped pol y(phenyl ene ether) resin
havi ng an iw@pW/46215c vi scosity between 0.05 and 0. 35 dl /g, PCTRsS9etwsabl y

bet ween about 0.09 and 0.15 dl/g, and isolating the capped pol y(phenyl ene

ether) resphicBYsdofifP\uRl Mfsciiig, %9'66%}5are@rt8fc%hﬁ1|9ér¥|a'll§‘ ‘(”féﬁ n§t her than
precipitation. The Tnvention also relates to the cape\om E\%d enyl ene
0

et her) reshaviRgntrgsiarvisaesitieh d1egweens O and K4usk/a uged dl / g,
ferabl y; fole! di ments of
P! o oo e RcAig. i niRod G nddrofbh dnorblisne R Lol BB o' 5, 2

DRAW NGS Nerobigis becaimeacientyatesy DESCRI PTI ON OF THE | NVENTI ON

Pol y(phenyl ene ether) resins, hereinafter referred to as "PPE" are known
pol ymers conprising a pl urality of structural units of the formula: @@ QL
Qa ~Q wherein for each structural unit, each Q is independently hal ogen,
primary or secondary |ower al kyl (e.g. containing up to 7 carbon

atoms), phem{aPPNg W(WW@Z‘% eﬁ’@ﬁ U ﬁ%'%d?%aﬂ@@%“'admm kyl )

hydrocar bOEW?heﬁ?leh@'éﬂﬁB{'ﬁﬁ'é&i@@@nwm@h@i Ritingié viseasity b¥heeA’ @@ at ons
separate t | ogen and en at ons d each QZ is 'independently

hydr ogen, %51 dligy |pﬁ%§e§‘t§)ﬂssgéﬁdh@a}"’9'9 HREPrevioualy resramized. h&icbal kyl |
hydr ocar boesew ! ré]éiuWﬂiv@Gr%lmXMm it ﬁsnt/wm%ﬂynfeﬁé e%er) Péﬁwaabé% each Q
s al kyl or phenyl, especi al II%/ : and each
significantly hlgher proportion of hydroxyl moieties for cappmg Similarly,
relatively low 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 dl/g, preferably between
about 0.09 and 0.15 dl/g. More particularly, the methods comprise capping a



hydr ogen. Bot h honopol yner and copol yner PPE are known and included in the
present invention. The preferred honopol yners are those contai ni ng
2, 6di net hyl -1, 4- phenyl ene ether units. Suitable copolyners include random
copol yners &h046375ng, for exanple, such units in conbi narcowsesi206ss
2,3,6trinmethyl -1, 4-phenyl ene ether units. Al so included are PPE containing
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gener al | y hpreferahlyiintarproséss atherctban tpyeciditation.b dheareventibo atsolreGesitads dl . / g. ,

preferably | u -0.25 dl_ | t rably in
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WO 00/ 46275 PCT/ US99/ 29068, t hese r.an in _conbination wth | awer

"t rinsic vPEEbemPIaREEpt e I eRLEL i hasBr® HRar A PR R REEY | nt i nsi c
viscosity to be used will depend sonmewhat on the ultinmte physi cal
properties that are desired. PPE are typically prepared by the oxidative
coupling of at |east one correspondi ng nonohydr oxyaromati c conpound.
Particul arl i avai | abl e nonohydr oxyaromati c conpounds are
2, 6-xyl enol bE%@%ﬂ#%BESB%B?MN?SWM hyl and each QZ is hydrogen), whereupon
the pol yner may be characterized as a pol y(2, 6di nethyl -1, 4- phenyl ene
ether), and 2, 3, 6trinetHyl phenol (wherein each Q@ and one QZ is nmethyl and
the other QZ is hydrogen). A variety of catalyst systens are known for the
prepar at i onNet affiticable oxi dative coupling. For the nost part, they contain
at | east one heavy netal conpound such as a copper, nanganese or cobalt
conpound) usually in conbination with various other materials.

DEeTAILED 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:

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



A first class of operative catalyst systens consists of those containing a
copper conpound. Such 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

conbi nat i ong0oed462Tspr ous or cupric ions, halide (i.e. chloprcrieyssbsoesi de, or
iodide) ions and at | east one am ne. Catal yst systens contai ni ng manganese

conpounds S ey al | 1 g, Whi ch

di val ent n'ggrllgae{ el’s% Is C &b;ﬁggrﬁcé‘mfb?: Hgﬁcﬁ'aé‘rlﬁfbé‘ﬂg}&g‘l‘s‘*%?%?@ﬁ%o% de or
phenoxi de. leditdwochttn atome sepatpe thechdlegah and/axygen46ans; FCREHINL 9068
present as i e re. lex] | at i ng agents
such as di‘&%@ﬂb%’ﬂ@ﬁ%&%@?ﬁ@ﬁ mi%lrgééé I gﬁ?ﬁj&? ag&ﬁyg%hﬂyaromti C
al dehydes)halediylr obkydracarbompyu rts hatoideocatbotiorx yaxi desnddmofoom®’'i ¢ and

pol ymeri c) - hydr oxvarwl. oxi b -dj ket ones, _Al,so useful are
cobal t - con?%???{?ﬁlé’ §3¥*§|@f§? %‘Vm@.Qgéu%%é%ﬁ'%'ynéh’gaﬁé's8"%%?‘%0 alt

cont ai ni nghyoogdryst systens for pol yphenyl ene et her preparation are known
in the art by reason of disclosure in nunerous patents and publications. In
one of its aspects, the invention 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.lg.,

and nost preferably in the range of about 0.09-0.15 dl./g., all as neasured
i n chl or of or Both heegpolymes lengoeqralyeer PEEcarenghaye anepeciudgeddn the on with at

| east one I CYhiC, s 6] id | j . ituted
derivati ve&t%%grﬁte@??aﬁ]r?lét ?\Hg% %rgf)éé%td ﬁgﬁ@%ﬂ%@%{s‘t ?%ngfdgrgeéplg‘rtgaﬁg? ’ééi d net hod.
For the nodimetail,4-phenyientge etheablnitsf orSuitableh papalywpersnincideupandom t he PPE to
be capped i s, Nt : i 0 , on i ncl udes
corrpog !Ot [ oén%ow %'J%E%cgﬁ gilgh' g&p‘?xodﬁgéj ?’I %'IF'l&gP ”E%\é@\é%@ﬁ’ "H?@n @K@??g' PPE

cont ai ni ngtrireatiyl+ia4-phgnirene) eliherupsits. To Alscodoeiededcheare appEd cBPBinddg t hi s

. ion. PE | . n . | ¢
sal oyl o Telefet o PrepRrad 6% ety Wy irbndhbfs X SRMe S & der i vaci ve
t her eof . Apolystprnber as well tasecauplet PREtie which sadplioglagentscsuth astdwides
compounds |0, W1jah Ll CBERBAGOALALP: qliflhly SheKoIHAlP BE BOHLg1ave been

esterified.
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 dl./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 chloroform
at 25°C. It is also possible to utilize a higher intrinsic viscosity PPE outside



PCT/ US99/ 29068 Ot her than as defined above, the precise nol ecular structure
of the ester is not critical. Various substituents may be present on the
salicylate ring, including, for exanple, alkyl, aryl) al koxy, acyl, vitro,
car bal koxy arR00#62750, al t hough unsubstituted conpounds ar ecprusisoiesd.
Particularly preferred are salicylic acid esters, including sinple esters

f the f .3 ! ! s | tl.y.h

2l i phat o HeR(Aes G eomPiHion B <CRERr it MREBRE EPR T ARRE T aci o
at | east orrea%&. bl_Béhegnimihdg\e(la_nt bmcti hytﬂhsigeviscc_:e’it}éyto_ bet fs?d Miltltda)eh?(r lr)rul a Ol
I GOY OY werein each. S rpgen _or Si . east one ein

Si (R) 3, an&ompaﬁgn?@e \Jlﬂﬁ'@k)ee 'Béfﬁaf)?/°89%f*.s-§‘%{ﬁ@/?’e§'§e&'ca| ) all R4 val ugs
preferably being nethyl; salicylic carbonate(benzo-1, 3-di oxi n-2, 4-di one),

having the formula Ol | CEOOI O C- Ocyclic ollgoneric esters
(salicylides) of the formula 8 WO 00/46275 0 O 11 O

PPE are typically prepared by the oxidative coupling of at least one
corresponding monohydroxyaromatic compound. Particularly useful and
readily available monohydroxyaromatic compounds are 2,6-xylenol (wherein
each Q' is methyl and each Q? is hydrogen), whereupon the polymer may be
characterized as a poly(26-dimethyl-1,4-phenylene 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



n PCT/ US99129068 wherein n is a small integer and especially 2 or 3; and

| i near polysalicylates of the formrulav OC1 | On wherein nis at |east
2. The cappi ng agents which are generally found to give the best yields of
t he capped woby4R®nyl ene ethers of this invention are arybcuas®eyb@Et €S such
as phenyl salicylate, aspirin (i.e., acetylsalicylic acid), salicylic
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aspirin; Baker et al., J. Chem Soc., 1951, 201. Linear polysalicylates my
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 (rgt r sal i I ; i of
salicylic @a%gg{?%%ﬁﬁs’amgg{‘% ?_ﬁf%rr@%wtddgﬁfa f??%bﬁ;ﬁﬁaém%%glﬁ%an et al.,
J. Chem Sahweut OF@a-Qi30 dl-,/g-lwﬂ?rabgom.thairﬁem ob @bgtald.0¢+0.26 db/garand
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pol ysalicylates in high yield.

For the most part, 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 salicylic acid"
includes compounds in which the carboxy group, the hydroxy group or both
have been esterified.



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.
Aromati c solvents such as benzene, toluene, xylene and o-di chl orobenzene
are especi avbyopnes erred) al t hough tetrachl or onet hane, t reainisosevet hane,

di chl or onet hane) 1, 2-di chl oroet hane and trichioroethylene may al so be used.
The. cappi NGt A8 deffiel SoHOLRE! ?%éé’nﬁ%@ clufle 3t Yife> 8&tey fAPADI € of
intimately mxing the E ut'ion, prefera er pressure S avoid | oss
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in a nel t)allthdqghei.ngubstitmteq CQ@PO@M& m*naﬂrefes(ed uder. 10 WD 00/ 46275

PCT/ US99/ 29068 The proportion of capping agent used should generally be
sufficient to react with substantially all hydroxy end groups, including
any ami noal kyl end groups and 4-hydroxybi phenyl end groups that nay be
present in_addition to any conventional 2, 6-dialkyl phenol end groups as
known in tHé"'&P'@"Y(P'?fé"ﬁﬁ’@é%ﬁ?"“dﬁc PP, esteis, !"é‘(!l{déf?g pimnie gstessn of 8'\90ups f or ned
during thespmaRi Ng 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 | ecul ar wei ght and | evel of hydroxyl end groups in
the PPE) aswel L G&ORt her hydroxy-substituted "tail" end groups resulting

ion w th di phenoqui none. About 1-10 nol ar equival ents, nost
4 nolar equivalents, and preferably about 2.5 - 3.5 nolar
equi val ent s 6f c&%i ng agent, based on PPE hydroxyl nunber, is usually
adequate. It is unexpected that nolar amounts as |ow as about 2.5 - 3.5

based uponyhbgiachyR? qw.hdgwﬁa@htlm%ﬁbdéﬂ 8erfn' %\.&mﬂct Qliggdiceye capping

| evel s in excess of 90% base &v t eachin Jrior art wherein
nol ar anouﬁtonéﬁ"'céfag‘cé‘r PrRjprably Bydieeasen rapiqad é?ﬁsé@éeﬁ rHePf@rOthﬁrgh cappi ng
| evel s. ehh&ilyRBReR ofthe fOFMERS Capping agent is extrenely

desi r abl e r bo cost standpoint and overall final purity viewpoints. It
is al so Wlthln the scope of the invention to include at |east one

pol ystyrene in tﬂe conposition. The term "pol ystyrene" as used herein

i ncl udes polyrer £poepar ed by net hods known in the art including bulk,

suspensi on enul si on pol ynerization) which contain at |east 25% by
wei ght of tural units derived froma nononer of the fornmula 11 WO
00/ 46275 RS™= —-Y~~a

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

O
I

©:C\?
o’c*o

cyclic oligomeric esters (salicylides) of the formula



PCT/ US99/ 29068 wherein RS is hydrogen, |ower alkyl or halogen; Z' is vinyl,
hal ogen or | ovwer alkyl; and pis fromO to 5. These resins include

honopol ynmers of styrene, chlorostyrene and vinyltol uene, random copol yners
of styrene wotovs@n® or nore nononers illustrated by acryl eoriukéo0o6s

but adi ene, al pha -nethyl styrene, ethylvinylbenzene, divinylbenzene and

mal efi ¢ anhydri de rubber - nodi fi ed pol ystyrenes conprising bl ends and
grafts, wherg¢i (‘ bber is a pol ybutadi ene or a rubbery copol yner of
about 98- 70% st ‘ nd about 230% di ene nononer. Pol ystyrenes are known
to be mscible v PRE in all proportions, and any such bl end may contain
pol ystyre anoug about 5-95% and nost often about 25-75% based on
total resijns.| In ong nbedi ment, the conpositions of this invention have
been sho i nfrareg, apd carbon-13 nucl ear nagneti c resonance
spectroscogpy to contalin énd groups with salicylate ester noieties.
Accordingly, another aspect of the invention is conpositions conprising

capped PPE which co mol ecul.es _havi end s of at | east
one of the%W ﬁgreﬁhl éssngg\a%mtgg d?? ei‘?ﬁV %?r ScAn %ﬂ&e 'ﬂﬁﬁ?%?ﬁﬁw
PCTNS99/ 29%efoftulez @2 @ O OC A Z2HQ ~Q @~ ~Q1 wherein Ais an
unsubstituted or substituted o-phenyl ene radi cal) ZZis Oor NH and Q and
D2 are as previously ¢defined. Wiile the invention is not dependent on

theory, it i that the capping agent is converted, under the
conditions e tlo a ketene of the formula ,0C Z2

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 aryl salicylates such as
phenyl salicylate, aspirin (i.e., acetylsalicylic acid), salicylic carbonate and
polysalicylates, including both linear polysalicylates and cyclic compounds
such as disalicylide and trisalicylide. 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



whi ch then reacts with the hydroxy group to forman end group of one of the
af orenenti oned fornulas. The capped PPE nay be isolated in a variety of
manners, e.g., by nonsolvent precipitation followed by collection of the
capped PPE,wolwentgh direct devol atifization of the sol venegrimssessppi ng, or
spray drying. In a preferred enbodi nent, the capped PPE is isolated by
passing tNBerfaGalanfdr sl By MeRedetigh & dHibhic? 8t P phostibie capabl e of
reduci ng the 'solvent level to l'ess than about 2000 ppm preferably |ess

t han about Disgieyligpnandviapalicylids, @rait 3ls9 Adonwen asctis thev prepafatinzidy, it is

of ten pref E%rro%ist&a%gﬁiﬁ?ﬁhkél'te?a[,hﬁ Cridhn, SYclitigah, s@frewhat, typically to
greater th about 50% solids, preferably greater than about 60% soli ds,
before feeding the PPE solution to the extruder. |3 WO 00/ 46275

PCTNS99/ 29068 When using a devol atilization extruder for the total

i sol ation of the capped PPE, it was found that traditional underwater or

wat er dSDr ayineap bbl:ylgalmi/lasésr mglsbeqirepmg ltbiaérﬂofﬁielddvmizaumg Fpagxiovmc t heh |
extrudate into pellets gave unacce e res esuma ue to the | ow
ol £ St enGRRORRE: SAFGHERSt dr FOBTS Bl ST PR HISHE dsebeen PPE. 1
was found fdiad t6BReahalprattict erhthentHapnthe eepuHedLESaliRHe) b8 EHeOhBatinafs © _
difficulties. Useful techni &ues i ncl ude die-face pelletjization, including

under wat er p&rlic¥liG sabppRte M Plcéﬁlﬁﬁ,amti%it%hﬂg@i'@; {8288 Aebi eti zat i on
usi ng wat echghy. aydd)dPeikid | Vb7 2t 2607, dﬂ.ﬂﬁa?ﬁidg%%ii%ﬂﬁtb@ ardd dditiondmy wat er
pell etization especially suitable. The capped PPE of this invention are in

many respepii by Fpadtipg $alicHip @gidpuith agefic anhyidrde or tHegylahordach | ess
suscepti bl gr tiy yrdiid Vot Hegfmdat EOMeRhatidlert SMSErBIUESL Ihar thdsd S

denonstrated by a dramatic increase in time to enbrittlement upon heat

agi ng i n apmployed By Rakey of alscthese enethodkajendisglesad: apddelpimed in

hi gh-t enpe intd i t Sfi kes are not
mat eri al | yEg‘%éfHed(i:?qde?SB@';/1li dcr%gvﬂg@é%%{?ﬂ'%ﬁgrlw 1?%@?2&’8%@589%6{% uces to a
| ar ge part Finedly.r @i redctior 0f sAryllg 8¢l wilpfbpsgang ipx theheresppce Thus, t he

capped PP idry 4hhd budilad [RARAhD lfoldRbUFodpelieAbiol H highlidiy and! or

reactions, styrene polynerization processes as we s “unsat ur at ed
pol yester, allylic, and bisnal ei mide thernosetting resins. Depending on the
cappi ng agent used, the glass transition and heat distortion tenperatures
of the capped polynmers may be | ower than those of the corresponding
uncapped PRecording ®xthepineentionneize PRE jsshéatey limtsefution avithothedcappingause a

henormenon 398 e B PS-OR JBTE et eB or% 0 M5LEnBY. 95 5L Sk pl ast i ci ze
the pol yphapymheie s6ilems -suth asPberrehé] Rldn@N xPbhE @nd B iichRrobenzene

are especially preferred, although tetrachloromethane, trichloromethane,

dichloromethane, 1,2-dichloroethane and trichloroethylene may ailso 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

e.g., in a conventional extruder.

10



WO 001 46275 PCT/ L1S99] 29068 decreased or elimnated by dissolving and
reprecipitating the polyner after capping, thus renoving the plasticizing

materials. The invention is illustrated by the foll ow ng exanples. All
patents ci tWa0HE2E n are hereby incorporated by referencePCENSMPEE The
following illustrative exanpl es denonstrate various enbodi nents of the

By manner 114 Rl A Rpind, A58t U PRoula UTRATH A€ Bl [ ekl 0 0g " "

varyi ng anwitimsgbstantillpelhpdroky gndigraupsy inakidingvdnycrsinoglikyfen®. drupl / g and an

30 i nut e<oh NBIoIPPRBRY. thbiRe "Rl Kpyi e WFREATI ARk

a, 40C. After
?tgncéirl‘ heat

t r eat ment ) canivenliartal 2¢6-dialkylpheonsli end groeps aa kewonid the arty®i lse weeseper f or med.

) Gonver &1 i b Esor T REsCRULP SRy SFafbdipafed fiwha B erhlifdabuot BoCC o7 FFE

t r eat ment 2decohiidkdion b capped and uncapped aminoalkyl end groups.

The molar proportion of capping agent will to some extent depend on the

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 equivalents, most often about 2 - 4 molar

equivalents, and preferably about 2.5 - 3.5 molar equivalents of capping

agent, based on PPE hydroxyl number, is usually adequate. It is unexpected

that molar amounts as low as about 2.5 - 3.5 based upon the PPE hydroxy!

number would be sufficient to achieve capping levels in excess of 90% 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 also within the scope of the invention to include at least one polystyrene

in the compasition. 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



WD 00/ 46275 PCT/ US99/ 29068 15.410010012. 5951008. 472866. 350- As denonstrat ed
by these exanples, very high capping conversions can be achieved within
short reaction tinmes and at |ow tenperatures. It was unexpected that

conpl ete cappEHe2tonver si on coul d be achieved with 12.5 vRETgIs99/79868cent

pol ysalicylate as based on the teaching of the prior art, it was expected
to requirggatCLQﬁft 4.5 tinmes higher |oading to achieve conplete cappi ng.
Capped PPE hayingZan intrinsic viscosity between 0.05 and 0.35 dl/g can

al so be achi dinanmlt process, e.g., in an extruder mnth hi gh

conver si on ﬁn at reduced | oadi ngs of capping agent as woul d be
expected fr e prfor art. Table 2 provides a conparision between a PPE
having an intyinsic viscosity of 0.40 dl/g and an hydroxyl endgroup nunber
of 82 ~nol/g to a PPE having an intrinsic viscosity of 0.12 dl/g and an
hydr oxyl ewitgeiolRy’ isUvidesgent I®&T iy lor halogan) &' iz, vilpEhalogerPSAlowenei ght %

oo 1o o eI B8 BT 0 A et S e el bRt P sherd ) © 12 (567

chlorostyrene and vinyltoluene, random copolymers of styrene with one or

more monomers illustrated by acrylonitrile, butadiene, alpha -methylstyrene,
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 formuias

12



As seen by these data, one would expect at |east a 4.5 tines higher |oading
of polysalicylate to be required due to the proportionally higher nunber of
hydr oxyl groups to achi eve conpl ete conversi on. However, it was
unexpect edl WOf0o#i?® t hat PPE having an intrinsic viscositypefubsieeaen about
0.05-0.35 dl./g., preferably in the range of about 0.07-0.25 dl./g., and
nost preferafly in,the yange pf about 0.10-0.15 dl.lg. can achieve conplete
capping wt ign(}icéﬁ\ly | ewer anounts of capping agent. 17 WO 00/ 46275
CLAI M5 What i i » RSN US99/899068 1. A nethod to prepare a capped

pol yphenyl NS } 1nIG.SEnga C3PRi Ng a pol y(phenyl ene ether) resin
Yy between 0.05 and 0.35 dl/g with a capping
agent in a sqyfvem ,to pyoOdute, a capped pol y(phenyl ene ether) resin having
an intrinsi & vi scé8i t yY<bet wekn 0.05 and 0. 35 dl /g and isol ating the capped
pol y(phenyl ene ether) resin. 2. The nethod of claim1 wherein the capped

pol y( pheny etaAhgr bRt i [Y7aF:1] n§,ﬁe<p,g.;i et 07 and
0.25 dl/g. l'd@g%"l' lé ﬁeat gﬁﬂo%%u% %Pfh%igtgiér?cewhée capp'tea 'CEE@Q?%?%%% ene

ether) resNHh Bad @handt @f mse @syPrayipsslyydefinede hi e inventionss diotg. 4. The

met hod of | I FE1aleY ' east one
ester of sg{aﬁdﬁeﬁéﬁﬁ%r@r& Eﬁ)teﬁranlﬁg}:ﬁ%%p!@ ?gﬁ%&'ﬁ%’%ﬁ gé? Lg'fadre !‘vati ve of
at | east othe ednditions feordeysidntp a ketere of thetfoaulaf cl ai m 1 wherei n the cappi ng
agent conprises a linear polysalicylate of the fornula 18

havi ng an int

= c”
L
which then reacts with the hydroxy group to form an end group of one of the
aforementioned formulas.

The Eapped 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 devolatilization extruder capable of reducing the solvent 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, typically to greater than about 50% solids, preferably
greater than about 60% solids, before feeding the PPE solution to the
extruder.



WO 00/ 46275 C LL On wherein nis at |least 2. PGI/US99/29068 6. The net hod
of claim1 wherein the capping agent is used in nolar ratio of ‘capping
agent to pol yphenyl ene ether resin hydroxyl of between about 1:1 and about
10: 1. 7. ThWOPeMed% of claim 1 wherein the cappi ng agent Psr/ussedodssm nol ar
rati o of capping agent to pol yphenyl ene ether resin hydroxyl of between

about 21 MAnARGNY aladvoidtiizdith SRIAH 6 el BhdlidoltfisH B thd BEpsPPi ng agent
is used in nolar ratio of cappi nag agent t o pol yphenyl ene ether resin

hydr oxyl oPPBeitwasrounsbihat raditianahtadenvetar o8 watdr spray qeringnef Bigendast claim 1
wherein theges [ ct,ed h r ST ene,

t ol uene, x§i e%é@%ﬁedi @H?‘gé&;bé zgﬁé‘,%ﬂt‘det ?‘ggh%@g%e@tthgﬁé, lrelﬂg(c:h %r?%met hane)
di chl or oneuhaaeeptable? rasiutis Ippesumabiyn due dmdhea tdve medt steerigih @nd. inhegrent WO

00/ 46275 P S 9 0 | aj i d
pol yphenyl g;r[l@gert?%gfe 8’23?‘# fns?qbg.c?l?g\f&g@%ypcévgk?ﬁ’?\i,g&gwgﬁaégs?ﬁ%pggl vent .
11. The nepéiwtizationc tewhniqliesvcan aiverdoime thesp adiffipoltiep h dusdf@rtectrtidness resin i s

i solated b o) L L L.Q0: Of SOl er e latilization is
done at | eé’gﬁ"%éaérig{%éﬁ éagértl'gétﬁq\’ dﬁﬁq'ﬁqfm%ea\{\%eéﬁloegz%@%cgﬁ%ﬂf‘@%\her ein the
capped pol gediiming amngle strand pelistizatiors usigl wated spraydygy and dityriation drop

pelietization with underwater pelletization 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, tensile
properties are not materially affected by capping. Additionally, 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 polymerization processes as well as
unsaturated polyester, allylic, 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 uncapped PPE. For example, linear polysalicylates are found
to cause a greater decrease in said temperatures than salicylic carbonate.
This phenomenon is apparently the resuit of various by-products which
plasticize the polyphenylene ether. The plasticization effect may be

14



13. The nethod of claim1 wherein the capped pol yphenyl ene ether resin is

i solated by precipitation followed by collection. 14. The nethod of claim1
wherein the capping is done at a tenperature between about 160 to about
300C. 15. TWOOH#@2fod of claim 1 wherein the capping is atpcpastonzp@st|y done
during a devolatilization step to renove the solvent. 16. The method of

claim 15 At he tid | ' [ Sni B r conpl i shed
W ih s devbiigre Sanangted by WeSHVAR, BB BlanE e \RBUSYRE" 1T The
met hod of aapping thuatiemeoving dhe plastinizing paterialss of t he cappi ng agent is added
during a devolatilization step to renove the solvent. 18. The nethod of
claim 17 wherein the devolatilization step is at |east partly acconplished
with a devolatilizing extruder. 19. The capped pol yphenyl ene ether resin of
claim11l. 20.The capped pol yphenyl ene ether resin of claim2. 21. The capped

pol ypheny| Bigeineion is diyptiatgd by|thg fellgwingexam@es: A. Al H R ASR AY5 R Al 2. AY5
R AF3e. Al 3,. Al n3y. AY!, . Ay. Al ,.AYHe. A?. A5e. A5 R A. e.A ,.Ae. A3 @ws]

All patents cited herein are hereby incorporated by reference.

Examples

The following illustrative examples demonstrate various embodiments of
the present invention. However, they are not intended to limit 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 dl/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, sir_nulating 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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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 di/g can

also be achieved in a melt process, e.g.,

in an extruder with high conversion

rates even at reduced loadings of capping agent as would be expected from

the prior art. Table 2 provides a comparision between a PPE having an

intrinsic viscosity of 0.40 dl/g and an hydroxyl endgroup number of 82 umaol/g

to a PPE having an intrinsic viscosity of 0.12 dl/lg and an hydroxyl endgroup

number of 367 umol/g.

Table 2.

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

0.40 (8214.0 >93
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nMNC 10, 5t 109 ~109& ()-1 109 ()-1L10% ()-z!3y109% ()- Z109% ()- 10
10#- ~xa?NC 10!'YO109%&' () - F+

1098 () - YAO%& () - - y#S10%&' ()-110%& ()-!cl 109%& ()-zxz{|}FbC 10! ss10%

h& () - 10% We'op¥e29d 3f 10% h& ()- F10% h& ()- 10 10 10S5 10%ectysdhemedBbC
10! ! S) mLOY%& () - &&10% h& () - LI %40% h& ()- " 10% h& ()-10% h& () - @0%

h& ()-1b g OWFOI& ()~ ZI07& ()- [10 h 10 n IO h5s10% h& ()-y2 10%
h& () - 0180;30@%9(%- ih'QaBbc
10! @O () -1 @OWRI()-f1 @O%R ()-fUYI 10%R ()-YI0%& ()-Y 10%& ()-MB:;aB7C
10 012 (367 | 4.0 47
umol/g OH)
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 hydroxyl 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 dl./g., and most
preferably in the range of about 0.10-0.15 dI./g. can achieve complete capping
with significantly lower amounts of capping agent.
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109%&' ()-S!'Yz109&' ()-s10%& ()-s!10%& ()-!109& ()-[.a.c.|.d//0}"?] _@(109& ()
-040% ()-9g'9!10% ()-11210%& ()-109& ()-!109%& ()-011111112bC|IL10%& ()-! 3gl
0%&' ()-3GLO%&' () -
1. A method to prepare a capped polyphenylene ether resin comprising
capping a poly(phenylene ether) resin having an intrinsic viscosity between
0.05 and 0.35 dl/g with a capping agent in a solvent to produce a capped
poly(phenylene ether) resin having an intrinsic viscosity between 0.05 and

0.35 dI/g and isolating the capped poly(phenylene ether) resin.

2. The method of claim 1 wherein the capped poly(phenylene ether) resin
has an intrinsic viscosity between 0.07 and 0.25 dl/g.

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

4. The method of claim 1 wherein the capping agent is selected from at least
one ester of salicylic acid or anthranilic acid or a substituted derivative of at

least one of the foregoing.

5. The method of claim 1 wherein the capping agent comprises a linear
polysalicylate of the formula
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wherein n is at least 2.

6. The method of claim 1 wherein the capping agent is used in molar ratio of
capping agent to polyphenylene ether resin hydroxyl of between about 1:1
and about 10:1.

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

capping agent to polyphenylene ether resin hydroxyl of between about 2:1
and about 4:1.

8. The method of claim 1 wherein the capping agent is used in molar ratio of
capping agent to polyphenylene ether resin hydroxyl of between about 2.5:1
and about 3.5:1.

9. The method of claim 1 wherein the solvent is selected from the group
consisting of benzene, toluene, xylene, o-dichlorobenzene,
tetrachloromethane, trichloromethane, dichloromethane, 1,2-dichloroethane,
and trichloroethylene.
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156. The method of claim 1 wherein the capping is at least partly done during a

devolatilization step to remove the solvent.

16.The method of claim 15 wherein the devolatilization step is at least partly
accomplished with a devolatilizing extruder.
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17.The method of claim 1 wherein at least a portion of the capping agent is
added during a devolatilization step to remove the solvent.

18.The method of claim 17 wherein the devolatilization step is at least partly
accomplished with a devolatilizing extruder.

19. The capped polyphenylene ether resin of claim 1.

20.The capped polyphenylene ether resin of claim 2.

21.The capped polyphenylene ether resin of claim 3.
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