METHOD FOR PREPARI NG END- CAPPED POLY ( ARYLENE ETHER)} BACKGROUND OF THE

| NVENTI ON [ 0001] Poly(arylene ether) is a type of plastic known for
its excellent water resistance, dinmensional stability, and inherent flane

r et ar dancyo *oapesit i es such as strength, stiffness, chemgadestiesisst ance,
and heat resistance can be tailored by blending it with various other
plastics in order to neet the requirenents of a wide variety of consuner
product s, T nclyetifish RO ESh kivK HS DAoL ¢ flaHeigoETAUROTOL I Ve parts,
and coated wre. aryl ene et s are al So used as ad ves to

t her noset resins, mhlch are naterlals that cure to formvery hard plastics.
The addition of a poly(arylene ether) can nmake a cured thennoset resin nuch
less britthecrgrounh @02k heyrgeMEyUses and particularly for use in
thenloset conpositions, the poly(aryl ene ether) can be nodified by

"cappi ng" the term nal drOX% ?roups with a polynerizable_group such as a
net hacryl at e edP@il] Priveardegpethy) readmcondiatie 1%%%%&?%1{%@?‘% h gents,
catal ysts, reﬁ?cgncl%ygl)%QHQﬁag stBAky CAR iRIRRLATLAR & aldifcy eBlbitiBgszaRped

pol y(aryl ene et he etract fromthe dielectric properties of a

t her noset gwongbsitifinen, qhnm@aw}@hmehewdclepv@@stpmew@abwéﬁedem@ﬁlngs

i ncor por at.ed.... So Q .C e nants are
known, but?ﬁngmngwgq%% gssg %85' aggggé1%%§k%&§%f?%%ﬁgrﬁ%%%gﬁkPatent No.
6, 897, 282 mxmﬁﬁﬁqﬁmhmmeﬁmaMnurmnmhmpﬁhahemgkthemdappedwpmkw@amyﬂene et her)

from an antisolyv t he I ng.rel d.co ants
relative t%ﬁémpgggwm ?%ﬁiﬁ?%ﬁe WBS %O %%g““@ﬁe %ﬁﬂ&ﬁ gk%(arylene
ether) vyi efgish fHOmpERC Mid atukoOno aibﬁn sene hie glaphar Tparﬁdmha@ﬂ y for |ow
intrinsic viscosity cap ed pol%%agglene etheréﬁﬂ_F rthernore, the
preC|p|taUﬂ$ﬁm§F8%@§§'6@@§9§§1 i BYMPER S HAR Y -di sposal probl ens
and al so produces a capped poly(arylene ether) with poor solid particle
charact eri sti c5oof)&FEgshaut apapettuial:shr disel hsasa dephadoef tiewashi ng”

(extracting) a capping reaction mxture w,th water rlor to tot I i sol ation
by devolatWﬂWﬁ@ﬁﬁﬁéﬁ@IG?Iéﬁnmﬂﬁﬁé@ércq¥ﬁﬁtﬂﬁé@ﬁ%ﬂﬂ tiarY EOPRFYR *vol unes of
the water SbEt LR (@t 18as tndhabivlary kiee/ viel umpikatiLuals water wash

to poly(arylenc ether) solution), and 'the nethod was uItlnateIé i neffective
in that re@ﬁduﬁwiwehe%%ﬂﬁﬁ0ﬁ%b@$1@ﬂé§®¥ﬁu@%@mI%@F@ﬁ@ﬁu%%$ desper (aryl ene
ether) wer £Qx ! d&% Iy liheCaighd bis QO 22066840 25, 003
ppm wer e %BE%I?VQ%}%( I nn?ﬁg@s&fd agﬁ;ppede plol y(gpﬁ%nes etaher)) ; Al so, the
present i nwentsitisn hawe wolssettv edwpihpotitreyiprabeihat osymserab@ictet @S in t he
Freshour pat re difficult to I oJjIrg, I S
Accordlnglv1%?%er§ “@mﬁlﬂ ‘wpm%%63$%$C?M&§%@g% net%ﬁhg’gg{?gilgtlng capped
pol y(aryl eqvestedihaetjasbadia. pankmﬁﬂkam;Lﬁh@aenmsoaiﬁ@éﬁzﬁoﬁmampn@téss t hat

produces a hi.gh yield of ed I | ene. et ubstantially
Peduces. t RICUBAH S Parbo T GO HE SR d e ke 6 RRRRY T o003)
The above-gdgs@kirbedd %Bﬁta@ﬁrﬁﬁfs Wdlagvbac k sotalr olalidrepioatduce. byloaveret tod of
preparing a capped poly(arylene ether), conprisin

g reactéﬁ% 1dEoly(arylene
et her) mnt%$ﬁﬂh%$ﬂﬁﬁ&n§§%ﬁﬁiWﬂd%ﬁﬁﬂdF%§%WE@38FS§“‘HFVQﬁPI ila8% ppi ng
catal yst tQ,{gf mxﬁls&%@&baef Ja@@&ﬁ}icﬁ’ﬂaﬂﬁeﬁ& %e)scqwhbewg tRe SraPipRMion
poly(aryl ene ether), solvent,"  capping agent pi ng cata yst and a

cappi ng byml‘p@ﬁm?teﬂi@ﬂ/a@ﬁﬁﬂ@em H@H@Iﬁﬁpﬁfrﬁg dpBaeset iPESI‘? S BT @lsqi RTpdgehAsi ¢
agueous so S I t t of e,:0 yield a
11 e S8t B e B ey T8 PESRone ) and

I sol ating pdwent elp piedlopal y fathpt e & wethirer )(eﬁsacmg)@t@ppms(§¢8&t1@10m11ﬁ’eltehod

[0003a] In st _.as ther I g a capped
pol y(aryl eﬁgh Wta{?epﬁlor t§ S 1S%I|‘ur1fb r%gc aﬁl#gugga % ar yﬁ”eér%r Fehﬁaﬁg%mo\?\n th a
cappi ng ageqmmmnm@@edpme§QMﬁeum&1amﬁokMﬂmh(andmaa¢apmthWNME¢yﬁm to fornIa

capping reaction m xture risi ar ne ether solvent,
cappi ng ag@ﬁ?ﬁmﬁéﬁﬁ ng§ @ﬂﬂgg@?F t&%h @%ﬁ gq%yé?g%) asﬁgmﬁ g the
Cappihng r eﬁ@ﬂf&dﬂﬂ? 72 )ﬂ{bau I &idMal havalls gﬁSh@uﬁfmaﬁuﬁe $o0l attdi @I@p&bmﬂﬁzdasylm 10 Ejo 15
wei ght percent of a base to yield apurifi n ¢ rising cappe

pol y(ary| efberafges iy géﬂﬁf§6mﬁg%ﬁne Ty ﬁﬁﬁi%@igﬁﬁ$tﬁé$gﬁéégﬁI §Creacti on
m xture with a basic aqueous solution iis conducted at a tenperature of 60
to 95 C.; and wherein the capping reaction m xture and the basi c aqueous
solution are used in a weight ratio of 2:1 to 25:1; and isolating the
capped poly(arylene ether) by a total isolation nethod. [ 0004]

Anot her embodi ment is a method of preparing a capped poly(arylene ether),
conprising: reacting a poly(arylene ether) with a capping agent in the

presence of a solvent and a capping catalyst to forma capping reaction
m xture conprising a capped poly(arylene ether), solvent, capping agent,



capping reaction mxture with a basic aqueous solution is conducted at a
tenperature of 60 to 95C, washing the first purified solution with an

aci di ¢ aqueous solution conprising 0.2 to 1 nole per liter acetic acid to
yield a second purified solution conprising capped poly(aryl ene ether) and
sol vent; wherein washing the first purified solution with an aci di c aqueous
solution is conducted at a tenperature of 60 to 95C, washing the second
purified solution with water to yield a third purified solution conprising
capped pol yfrarytengheishierr] candd soviaaitne sihaleifnsontishirergnt ineerses berd puri fi ed

solution w th I, LS ,con t enperature of 60 to ; d

i sol ating t??eser\é\fg%pgﬂ Ithﬁolg%/ef %?@I%%%a}}é?@%&rs) mbyegﬁéevs%?lgtﬁaltﬁngivﬁée g&%?‘ﬂg{gon.
[00043] I In s&alsezlﬁoﬂdorﬁﬁﬁeﬁl prdcter eAtcordigw desk aemshaldue(ed f&lr Qﬂ;@bbd@lﬁ a) o
capped poly(a ene ether), conprising: _reacting.a_ poly(arylene ether) wt
a cappi ng éé@%&kﬂ%1Fﬁ%m§Pg§@§@gBQ¥§%9%8@9§%tﬂﬁﬁﬁ“§kﬁdﬁﬁﬁﬂ§aéﬁ?%ﬁ¥§t to form
a cappi ng rgacki 88 foXled £nGeTRId §f M &@%&@Mgmﬁyéﬁw e e RiRen, ,
sol vent, ' cappi ng agent, capping qatalys%z and a’ cappi ng byproduct; wherein
t he pol y(aryiesethecheoeyraigns Heaprogirated mpritgat i vel y pol yneri zi ng nononers
~conprising 2,6-xylenol and 2, 2-bi s(3,5-di net hyl-4-hydroxyphenyl) propane;
wher ei n thq¥% ARg agent is (neth)acrylic anhydride; wherein the nolar
rati o of (nme acrylic anhydride to hydroxy groups on the poly(aryl ene
ether) is 1 to 3; wherein the solvent is toluene; wherein the capping

| gat al éSt i's 4-( Pﬂ?W&Iﬂh@}ﬁWeﬂﬁﬁb%Wd athse dragfvackatier @ﬁﬁiﬁt%bjﬁap?tm ]
Py Caryl er teany ESieh BodGtme AR oigalie FANREN SRIEARSR e £ PP

percent priwith beappies asshionide wrdshndehe basivent agdieausypisg leut:ivento fvashi ng t he
capping reacti.on mxture wth a.basiq‘agqfo S s?lutio cogprisin 10 to 15
wei ght per cERYRFASHA MR FPBRI RS to"4Pret BOEEp ern'gteﬁffrt*bp iSPiVE SEIPIRS on
conpri si ng gappedppel Liart| ene ethRing fstosakVeRLin VRS Sigpiwashing t he
capping reaction mxture wth a basic aqueous solution is conducted at a

t enper at ur eNEFUrB Vit BRsic @aueonh IR WITAPHSRE & ApRs Yy cisehpePe ofebetr e and

t he basic J=ik i : ﬂ@ggk' I t ] ; . 250 1;

washi ng thgﬂgﬁggﬁ' ur??f%ﬂugﬁﬁﬁtlongaﬁ¥ﬁe§ﬁbggkg%%t%%%g%ﬁgség%ﬁi%gn

conpri si ng igol2tingrhd cappdpaieerylent ethery b itel2dedigionongfhal. d a second puri fi ed
sol ution conprising capped pol y(aryl ene ether) and sol vent; wherein washing
the first purifiefhsdi|uhi DfirseifRc@ihae idh@vaitdeomsthsaldftpreiring Lopgurt ed at
a tenperature of 60 to 95 C.; washing the second purified solution with

wat er to yiRIHAEIesiTp EITPIERE SOl uti on conpri sing capped pol y(aryl ene

et her) and sol vent; erein shing the second purified solutio ith water
e ondao: cresas bR eI T g ot ieg et R Pt G o hiea! e
poly(aryl en ' hphih € HAH S Ei ke ising a cdpBOPP! ther
enbodi nment §%$§E%ﬁ§¥ﬁ%§g§¥ﬁgﬁggﬁg%gﬁh ﬁoly%%ﬁé%%ﬁag eﬁher 9prgpg§g% by the
net hod di scétbsdohent icaprémmkasohprnmineathlysts andvaerppingdypadducy 2, 500 parts
per mllion by weight of (nmeth)acryloyl groups as (neth)acrylic acid or

(neth)acryl . i I [ oM 10 on
by vl gt off S PR et cplibn RAT AT, PhaREkRkol oAtk g™ |
aspect, thet®eweizhppavirefa dafereyl)der yl mtrficdaphds pahy(ising lcepredet her)
prepared by the method as defi ned _abaqve, and .conprising | ess than or .equal
Do D500 paPtSGRIT ] B B R GRrOB R Ry b PO GF S MAREESit L he
(meth) acryl oyl gL QiBSs @»rhﬁiofn)hﬁ’céxf&u@{ad(aﬁﬁftéﬁxﬁ&ét}ﬁ}%ﬁéogé QYPE DA eifthe
(meth)acrylic actd or (nmeth)acryloyl anhydride; and |l ess than or equal to
1, 000 par t scappingmchdtionmibinraveidght besic Aqiddubddiniiet &y vaed mo) pyighthiatio ef

[ 0006] Thes _an%ééphe enbodi ments are described in detail bel ow DETAILED
DESCRI PTI ONPOROTAE: R VENTI ON |

isolating the capped poly(arylene ether) by a total isolation method.



[ 0007] The present inventors have discovered that a high yield of capped
poly(arylene ether) with low |levels of capping-related inpurities is
produced by a nethod of preparing a capped poly(aryl ene ether), conprising:
reacting a poly(arylene ether) with a capping agent in the presence of a
sol vent and a capping catalyst to forma capping reaction m xture
conprising a capped pol y(az-yl ene ether), solvent, capping agent, capping
catal yst, and pd 13 i ) } j Xture
W Uh o bast C o g P el e ok P o1 o
base to yi#he) gopprihietegoigutrobia dorpethe) withcapyrenk gohyi dreiressaceet her) and
sol vent; apd, &oﬁx?én%h&‘g c%;ﬁﬁngcra- [egago%h%(aaé%ﬂ %@eree‘?ﬁi@x%}ixﬁ% Sl kgL J sol ation
I'S” method 1'S par C cﬁy

nmet hod. The success 0 et |"ar sSurprising because
washi ng wi ¢dapschpolgandarnt stixirp dorquecpsiryasenvwasppigpecited, 4 €aideng
base-cat al.yzed dec osj.tion. of th apped I ryl.ene ether), .yet no

si gni fi cant’PdeEs g’g?etni t}f‘ﬁ éﬁg%’e%@dg%e pg’gu‘%é)g@%gj‘m’leh’ Rﬁ?llﬁén)*ﬂz@é of the
net hod, a pehdasy! eneorgirhely) | s2keatdel Wi tihda cappiig:agspkmiynat he
presence of a solvent and a capping catalyst to forma capping reaction

m xture coRPFPIPREYEPERHIe VBN (EF yieRece sl )i Gwiiemlic eabpidg agent
cappi ng cafalyst imcaRRiR GAPRIMNGndREOG Ghiyat e iBoh%(ﬁr&E}ylfgﬁﬁgs ehngle)
conprises at |east one phenolic hydroxy group capable “of reacting with the
cappi ng agemy(aryBue tegist e 1spblty € apriehethe tdoerehs 15i teblens evlishos éhe cappizigsi ng

repeating .Ura ni; ' he f -Wher ei n. each urrence of
Z1l is indé%%%%%%%ﬁahﬁﬁp%égﬁyﬁﬁﬁgﬁﬁéﬁﬁ%h?%gqﬁgm%%ﬁ%%?%ﬁggiﬁ@(%%gtSydrocarbyl
provi ded t{nath)bdrelidact; adasing thgeonouptiatomof the eatpedpylytaydene etrebyh theCl- C12
hydrocar byl t hi o, (.- Cu.hydrocar byl oxy, or C2-Cl12 hal ohydro | oxy wherein
at | east t%%’mé‘é?%%h"%%%”%%ﬁ? 2%/ gegﬁtepeﬁ%ﬁnbﬁ‘é?{]tﬁfm W%Emétat%%mand each
occur r enceag@béoé2olisichndaperdendhbynhydtogenixtiahegertasunsidst kdutad or
substituted Cl-Cl12_hydrocar byl provided that the hydrocarbyl group is not
tertiary hFERBERELyI" ‘C1VERE R CArBFEh PHTORGH i driby| TRy pughedco- C12

hal ohydr ocaiih0xtr el Hpdd pbio@Skent WOLER AP RoRLANS 1SRRAKALEd Be hal ogen
and oxygen atons. used rein, the term "hydrocarbyl™, whether used by
itself, or as a prefix, suffix, or fragnment of another term refers to a
resi due that contains only carbon and hydrogen. The residue can be

al i phatic or aromatic, straight-chain, cyclic, bicyclic, branched,
saturated, or unsaturated. It can al so contain conbinations of aliphatic,
aromatic, straight chain, cyclic, bicyclic, branched, saturated, and

unsat urat ed hydrocarbon noi eties. However, when the hydrocarbyl residue is
described as substituted, it can, optionally, contain heteroatons over and
-above the carbon and hydrogen nenbers of the substituent residue. Thus,
when specifically described as substituted, the hydrocarbyl residue can
also contain One or nore heteroatons such as hal ogens, 4 oxygen, nitrogen,
sul fur, silicon, or phosphorus. \Wen substituted, the hydrocarbyl residue
can contain the heteroatons pendant to or within the backbone of the

hydr ocar bon residue. As one exanple, Z1 can be a di-n-butylam nonet hyl
group formed by reaction of die nethyl group of a telininal 1-hydroxy-2, 6-
di met hyl phenyl ene residue wth the di-n-butylam ne conponent of an

oxi dati ve polynerization catal yst. [ 0009] hi sone enbodi nents, the
poly(aryl ene ether) conprises 2,6-dinethyl 1, 4-phenyl ene ether units,
2,3,6-trinethyl-1, 4- phenyl ene ether units, or a conbination thereof In some
enbodi nents, the poly(arylene ether) is a poly(2,6-dinethyl-1,4- phenyl ene
ether). As noted above, the poly(arylene ether) can conprise nol ecul es
havi ng am noal kyl - contai ning end group(s), typically located in a position
ortho to the hydroxy group. Also frequently present are

t et ramet hyl di phcnoqui none (TVMDQ end groups, typically obtained from

2, 6-di met hyl phenol -contai ning reaction m xtures in which

t et ramet hyl di phcnoqui none by-product is present. The poly(aryl ene ether)
can be in the formof a honopol yner, a random copol yner, a graft copol yner,
an ionomer, or a block copolymer, as well as conbinations conprising at

| east one of the foregoing. [ 0010] The poly(arylene ether) can
conpri se one or nore than one phenolic hydroxy group. \Wen the poly(aryl ene
et her) conprises one phenolic hydroxy goup, it is referred as a

nmonof uncti onal poly(arylene ether). When the poly(aryl ene ether) conprises
nore than one phenolic hydroxy group, it is referred to as a pol yfuncti onal
poly(arylene ether). In sonme enbodi nents, the polyfunctional poly(aryiene
ether) is a bifunctional poly(arylene ether) (that is,-a poly(arylene

et her) having two phenolic hydroxy groups) having the structure wherein




| east two carbon atons separate the hal ogen and oxygen atons; z is 0 or 1;
and Y has a structure selected fromthe group consisting of wher ei n each
occurrence of R5 is independently selected fromthe group consisting of
hydrogen and G -Cu hydrocarbyl, and each occurrence of R6 and R7 is
i ndependently selected fromthe group consisting of hydrogen, C -C, 2
hydr ocar byl , and Cl-C6 hydrocarbyl ene wherein RP and R7 collectively foima
C4-C12 al kyl ene group. In sone enbodi ments, each occurrence of QL and Q is
met hyl , eacirrogcerchenoectut Y4B & Bashyaiuogemnolwianhs coducted aceteofpe@irt s
hydr ogen or hyko~. the, .S of._x_an i.s..2 to.about..15, each currence of
R and R2 %h -Eéﬁgﬁﬁ‘E§h$gq%%h%%@ﬁﬂﬂ%¥ﬁ@“%§ﬁ?@ﬁéﬂl%?mﬁ§5W§W§S %% has the
structure RénfREiwh@rebn eaihp@conr bexe et 1RGisRNg sBbnl SuifdeRendent | y
- selected fromthe groyp czgsisting of Qﬁdrogen,_CI-Q12 hydr ocar byl , and

Cl - C6 hydr BEBFIRASCARP SHTR R H T C BT 21y SUGIf: et §fie Mpstiag Hiediretpugtisd gl kyl ene
group. solud@Okidlar] idib S RbELUREGIHANALoRBLNE 3 Y teﬁgﬁra@&g &F )5% 4 pet ure

n I C

above, there are limtations on the variables x and vy, correspond to

t he nunber Wathighgeemd mERes sphipentyifdy walst tie yiid pvibirdirfutideéselupbaces in
the bif i t | l.e. h f. t d
e o1 functyangl polXLas HERR. S BoE) B SRS o g oI EL Bt o Y

speci fi cal pyifizdtsolutdrowith $5ter swendupbaiet s peaictdtoalol Y0 & 209Cahodiisobfng yet nore
speci fi cal 0t bout 8. The sumof..x and y. is at |east 2, specifically
at ‘| east 3h%ﬁﬂ%@gB%@@P??@&ﬁ%f%ﬂ&%%ﬁﬁkm.@ Fticul ar pol yfunctiona
poly(aryl ene ether) can be anal yzed by proton nucl ear nmagneti c resonance
spectroscopy CH NTIVIR) to detem ine whether these Iimtations arc net for
the entire resin, on average. Specifically, "H NWR can distinguish between
resonances for protons associated with internal and term nal phenyl ene

et her groups, and internal and term nal residues of a polyhydric phenol, as
well as other termnal residues. It is therefore possible to determ ne the
aver age nunber of phenyl ene ether repeat units per nolecule, and the

rel ati ve abundance of internal and term nal residues derived fromdihydric
phenol . [0012] in sone enbodi nents, the polyfmctional poly(arylene
ether) is a bifunctional poly(arylene ether) having the structure wherein
each occurrence of b and @ is independently nethyl or

di - n-butyl am nonet hyl ; and each occurrence of a and b is independently O to
about 20, provided that the sumof a and b is at |east 2, specifically at

| east 3, nore specifically at |east 4. Bifunctional poly(arylene ethens
having this structure can be synthesized by oxidative copol ynerization of

2, 6-xyl enol and 2, 2-bi s(3,5-di nethyl-4- hydroxyphenyl)propane in the
presence of a catalyst conprising di-n-butylam ne. [ 0013]

Pol y(aryl ene ether)s can be prepared by oxidative polynerization of
nononer s conprising a nonohydric phenol, such as 2, 6-di net hyl phenol,
2,3,6-trinmethyl phenol, or a mxture thereof. Many ot her suitable nonohydric
phenols are known in the art. Polyfunctional poly(arylene ether)s (that is,
poly(aryl ene ether)s having two or nore phenolic hydroxy groups) can be
prepared by oxidative copol ynerization of a nonohydric phenol and a

pol yhydri e phenol. Suitable polyhydric phenols include, for exanple,

3,3 ,5 5 -tetranet hyl-4, 4" -bi phenol ,

2, 2- bi s(3-net hyl- 4- hydr oxyphenyl ) pr opane,

2, 2- bi s(3, 5-di net hyl- 4- hydr oxyphenyl ) pr opane, 1, 1- bi s(4- hydr oxyphenyl ) net han
e, 1, 1-bi s(4-hydroxyphenyl) et hane, 2, 2- bi s(4- hydr oxyphenyl ) pr opane




2, 2- bi s(4- hydr oxyphenyl ) but ane, 2, 2- bi s(4- hydr oxyphenyl )octane, 8 1,1
- bi s(4- hydr oxyphenyl ) propane, 1, 1 - bi s(4-hydr oxyphenyl) - n- but ane,

bi s(4- hydr oxyphenyQphenyl net hane, 1,1 -bi s(4-hydroxy-3 '

- met hyl phenyl ) cycl ohexane, 1 ,1 -bis(4-hydroxy-3

, 5-di et hyl phenyl ) cycl opentane, 1,1 -bis(4-hydroxy-3

, 5-di net hyl phenyl ) cycl ohexane, 1,1 -bi s(4-hydroxy-3

- met hyl phenyl ) cpf¥0étidptacsreondlaspecththsieds pycdidedys Bethod of preparing a capped

, 5-di et hyl. phenyl ) | ohept.ane, 1,1 -bis(4-hydroxy-3

et hy! phAYAR G e SEPTang

- bi s(4- hydroxy-3, 5-.di pet hyl phenyl ) cycl ooctane, 1,1

b1 (- hy PO o RER B e ) FOGHaREnt Bahe PHBFaceAfayaRsRy g o

, 5- di met hyh,BReRYahed 6| 8RR ARAEHIngd rehction mixture comprising a capped poly(arylene

- bi s(4- hydr oxy- 3- et hyl phenyl’) cycl odecane, 1,1 _

- bi s( 4- hydb@kpolyes, cippitgaacph empinesast! pitetarrecapping bypraipat mghdreoxthe 3

- met hyl phe cl gundecane, .1.1.-bi,s(4-hydroxy-3 ..

5 di ot nTRRRI e S iRt nake b e AN DY R Re monomernAIERA ) cycl odod

ecane, 2,6-xylenol and 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane; wherein the capping

. agent is (meth)acrylic anhydride; wherein the molar ratio of{meth)acrylic anhydride to

hydroxy groups on the poly(arylene ether) is 1 to 3; wherein the solvent is toluene;
wherein the capping catalyst is 4-(N,N-dimethylamino)pyridine; and wherein the
capping byproduct is {meth)acrylic acid;

adjusting the concentration of the capped poly(arylene ether) in the capping reaction

mixture to 5 to 25 weight percent prior to the washing with the basic aqueous solution;

washing the capping reaction mixture with a basic aqueous solution comprising 10 to

15 weight percent of sodium hydroxide to yield a first purified solution comprising

capped poly(arylene ether) and solvent; wherein washing the capping reaction mixture
with a basic aqueous solution is conducted at a temperature of 60 to 95° C.; and
wherein the capping reaction mixture and the basic aqueous solution are used in a

weight ratio of 2:1 to 25:1;

washing the first purified solution with an acidic aqueous solution comprising 0.2 to 1
mole per liter acetic acid to yield a second purified solution comprising capped
poly(arylene ether) and solvent; wherein washing the first purified solution with an

acidic aqueous solution is conducted at a temperature of 60 to 95° C;

wéshing the second purified solution with water to yield a third purified solution
comprising capped poly(arylene ether) and solvent; wherein washing the second

purified solution with water is conducted at a temperature of 60 to 95° C.; and

isolating the capped poly(arylene ether) by devolatilizing extrusion.
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1,1 -bis(4-hydroxy-3 ,5-dinet hyl phenyl)cycl ododecane, 1,1 -b

s(4- hydr oxy- 3-t-butyl phenyl) propane,

2, 2- bi s(4- hydr oxy- 2, 6-di met hyl phenyl ) pr opane

2, 2- bi s(4- hydr oxy- 3- bronophenyl ) propane, 1, 1 - bi s(4:hydroxyphenypcycl
pentane, 1, 1-bis(4-hydroxyphenyl)cyclohexane, 1,1,1 -tris(3

, 5-di met hy1- 4- hydruphenypethane 1,1,1 -tris(3
-nethy1-4-hydﬁ@i?bﬂéﬁ?@)@Ph%ﬁ@?nHFS&ﬁﬁmﬂé¥ﬁéﬁgﬁﬁﬁﬁpdﬁﬁﬂﬁﬁﬂ%@H?H?bxyphenyl-__
1 -keto) bﬁ@%a?éﬁ%éf the method disclosed herein and comprising less than or equal

1,3,5-tri's(3, 5-di met hyl-4-hydroxyphenyl-1-isopropylidene)benzene,

2,2, 4, 4- et AR petSenetifipn baweizhs v ﬁﬁ@éﬁw&ﬂ grepasimetiarghs &k ¢( 3, 5- di met h

y 1‘ - . : . [ 111 i [}
4-hydrox¢8ﬁ3ﬂ§?§ﬁéﬁ@3ﬁg§?fT?ifﬁf?e<¥§ﬁ$§g%}é§9 gﬁﬁﬁfﬁﬁg%%&yéﬁgﬁ§ﬁ)cyclohexa
ne, 1,1, dofd-Notdakitis(Snibe @iyriginby 1- 4- hydr oxyphenyl ) cycl ohexane, 1,3

5-tris(3 ,5 -dinethyl-4-hydroxyphenyl)benzene, 1,3 ,5-tris(3

met hyl - 4- hydr oxyphenyl ) benzene, 2, ] ‘

( 2- hydr oxX§0 hiplideaspset) thareigproyidsheraicth)acrylate-capped poly(arylene

é-bis

b6 el B R s TR e
6- di ; -t risl 4 _3. ,
4, 6I- g? trre?%@%%‘ % %1%1%2(5}9_6&{?%? éﬁg@gﬁ%ﬁ%kﬁ%@% ﬁ%(%ﬁg%?gﬁiéyl 5{02?%iwherem

| s(4- hydr othg{Bethhathyyl ploupe pd the potelpil eipherytoyl groups present as (meth)acryhc
2, 4- bi s(4- hydroxy-3, 5-dj net hyl phenyl i sopropyl ) phenol, tetraki s (4-hydro
Xy- 3- met h§d ﬁ@%wﬂEﬁEFWYQggngégﬁw ki s(4-hydrox y-3 ,5- dinmethyl pheny Om
et hane, tetrakis(4-[4-hydroxy-3-nethy] phenylisopropyl| phenoxy) net hane,
t et raki s(Rddthhy & &gt 3, 15000 peets et prilkioy lyseqglapfit@pNenoxy) net hane, and

m xtures thereof |n sone enbodinents, the polyhydric phenol conprises 3 to
8 phenol i éimliERpoRyYEdins per nol ecul e. I n sone enbodi ments, the
pol yfunctional poly(arylene ether) is a bifunctional poly(arylene ether)

01 SP o0. 0L R OReUTEELERLaR 0L LRy, el

DETATLED DESCRIPTION OF THE INVENTION

[0007] The present inventors have discovered that z high yieid of capped
polytarylene ether) with low levels of capping-related impurities is produced by a
method of preparing a capped poly(aryiene ether),. comprising: reacting & polv{arylene
ether) with & capping agent in the presence of a solvent and a capping catalyst to form
a capping reaction mixture comprising a capped poly(arylene ether), solvent, capping
agent, cappiﬁg catalyst, and a capping byproduct; washing the capping resaction
mixture with 2 basic aqueous solution comprising at least 5 weight percent of a base
to vield a purified solution comprising capped poly(arylene ether) and solvent; and
isolating the capped poly{arylene ethér) by a total isoletion method. The success of
this method is particularly surprising because washing with t‘tie concentrated agueous
base was expected fo cause base-catalyzed decomposition of the capped poly(arylene

ether), vet no significant decomposition was observed.

3b



[0014] In sone enbodi nents, the polyhydric phenol is a dihydric phenol
havi ng the structure wherein z is 0 or |I; each occurrence of R6 and R7
i s independently hydrogen, hal ogen, unsubstituted or substituted Cl-Cl2
hydr ocar by pésasded that the hydrocarbyl group is notpcr@fhiolsyrose

hydr ocar byl , Cl1-Cl2 hydrocarbylthio, Cl-Cl2 hydrocarbyl oxy, orC2-00

hal ohydr ocar byl oxy wherein at | east two carbon atons separate the hal ogen
and oxygen atons; and Y has a structure selected fromR30S00 O, N S and
R18 wherein eaqum@mumﬁem&@ «f hR8netRY, apdyRtyiére dthelependenrt |vyitsel ect ed
from hydrogen and C1- dro functlonal
pol y(aryl € BPigg FaFY & ﬁ“ e?ﬁ ﬁ%gﬁéﬁﬁhaﬁ§m§£ﬁﬁéggﬁgj

oxi dat i vel yadpeh AR Icaﬁplaslﬂgmqlwm solphsnak dirr), melveﬁ@s@;m@ egena cat al yst
under conditions suitable to faun a correspondi ng ggly(arylene ether) and a
¢

correspondWﬁ@naﬁﬁﬁéﬁoﬁﬁ#H@ﬁ@ﬂg?@@8@%%|383W3§?§8W9 YIcRBrEs b and t he

di phenoqui &@%@B&m&dmycgaég ¥§§ablea&dre§<ﬁﬁ{?|\if1ﬁf ael g mgedg@f@l ydafylene et her)
and the di phenoquinone to forma poly(arylene eth er? aV|ng two term nal
hydr oxy greniyeryican cfhepe snalede escesapmpis@zorpatied siredwehanitighyans tar yl ene
ether) is Y2, 6-di nethyl 1, 4- phenyl ene ether) prepared' from oxidative
pol ymeri zation of 2, 6-dimethyl phenol. An illustrative exanple of a
correspondi ng dlphenqu|none is 3,3 ,5 5 -tetranethyl- 4,4 - dlphenqu|none
folioed by oxidation of 2,6- dlneghylphen | . Vhen this preparation nethod is
used, it may be necessary to pu¥ify theZbifun¢tional poly(arylene ether) to

achi eve a polydispersity index less than 2.2. |An illustrative initial
reaction m xture comnposition f oxidat i ve copol yneri zati on of

2, 6-di net hyl phenol and 2, 2- bi : i net hyl-4- hydr oxyphenyl ) propane is as
follows: 50192 parts by wei ght et Ay enol, 109581 parts by

wei ght of toluene, 503 parts by wei of di-nbutylamne, 1175 parts by

wei ght of dinethyl-n-butyl am ne, 264 parts by|weight of a diam ne m x
contai ning N, N -di butyl et hyl enediam ne\and di decyt di nethyl amoni um
chl oride, and 353 parts by weilght of a €atalyst mix containing 6.5 wei ght
percent Cu20 in aqueous hydrogen brom de. Theronnerlzatlon reaction is
conducted by controlling the tenperature and oxygen concentration in the

reaction Vessal cachN@c&onee Rt ratd ﬂ@ep@ﬁdc%@?ﬁﬁﬁaénnuﬁslﬁgstﬁ%&'B?Edb%t%ie@n reaction
m xture i s about 125 parts per mllion based on the total weight

of the red@tCQdnﬁﬂwmbﬂaﬁow@ﬂéﬂ@uﬂwﬁ@@mwa%ﬁs@péﬁ1%?¢ﬂ$ﬁm¢%®&@@ﬁ%ﬁd based on
t he melght .0 e et her) T ongce
poly(aryleneﬁgtﬁg¥§&%%g gkté bﬁ?ﬁgﬁgggﬁﬁerlzgfﬁgﬁﬂ¥e§%t?%%9m%%%ﬁ%ais 29.8
wei ght perekmtin baked ton ctitven t:otal sepwatg tite Iofiogehend eayden gonm; xtdieaeh The
product bifunctio s an. i nsj ¢ V|sco§dty of 0.06

t
deciliter ‘bé‘r‘ edﬁc%lr%?neas ?(éeé’ elly c‘ﬁlhg n) hd%lgenzgf'}S&S%Md Or[ Bﬁ)itgf
Ponfunctl@p@hlgﬂkw@aywpﬁmﬁaeﬂheukﬁnﬂammaysgnbp1$n@pﬁmﬁqfbyk@msﬁﬁcalIed

redistribu ctlon in ich_a.rno functlo al, p ether) is
equi | i brat 68 ﬁcaﬁk&I@Wdy}gupﬁ’é’ﬁ‘(?Fargﬁﬁﬂ offal 2y'J:]i2 g?lﬁé»‘/adﬁgcé‘g’é(ﬁ)% of an
oxi di zi ng @ﬁ@@ﬁ at B@ﬂlt&& ehdUh la@hsl LpGhtk @Hb%a@d;@n kROWRydeR atdhes. akd naad
described, for exanple, in Patent Nos 496, 236 to Cooper et al. and

5, 880, 221 heepili SRSt “AYdrosaryR tweglcbwé?ﬁabws%}ﬁ PrethodT RS, (W, T may be
necessary {0 Ruf bﬁéﬁoﬁ'&?teﬁﬁ'ﬂé@:‘@&td&%ﬁe e %ﬁx@aﬁiﬁlﬁﬁﬁca%&@ln}lﬁ Behi eve a
pol ydi spersity I ndex Hess 0017] The nmet hod of reparing a
capped polweaﬂeylﬁ@neaneb%@hr)haﬁs Oa@mﬂil&’élabﬂéﬁét%cw yf(yaid%‘%%h@tm@?c;@d havi ng a
broad range. r i r ﬁﬁ% y ;ene et her)
can have gﬁlg%(%P%g%%ﬁ%§§§02?%§ﬁBkgﬁmgﬁ%_O gRgg%FfpgéE@tpé?ﬁ%éan1( dL/g),
speci fi calsltlyugﬁt @Eiam,oc:}@h@, digycg},c romehslp eetufatadalahy @s@grated Qyddoodtboy, stil |
nore specifi.c Q. ven . nor. fi 0 0.2
dLi g, yet W%?P %T?ﬁCa?Fnﬂglﬁé(%mﬁ R %m&%@g%a%%ﬁémﬁmg Q?a%all 0. 09
to 0.12 dbﬁgmnahla&&mmaa&mwmdmkﬂmﬂhﬁaﬁoﬁﬂhabahmﬂﬁﬁkmmogmkmmhﬂmuﬁderstood

that the s ntrinsic,vis Ilnlta ns ca pply t.h apped

pol y(aryl efie %*ﬁ fpept Tesidue. Q@ﬁ@B ifﬁd%ﬁﬂé %eﬂ?ﬁn §%F@£%FM?§ %Flon with
pol y(aryl eRgrRhMer yesidh® cﬁ@raEEbC@maﬁd op®loy Gany hedaeinhefilcs arialdpown in the
art. See, for exanple, U S. Patent Nos4 4,562, 243 and 4, 634,742 and
4,665,137 to Percec, 4,663,402 to Percec et aI , 6,306,978 Bl and 6, 384, 176
to Braat et al., 6,627,704 B2 to Yeager et al., and 6,962,965 to Yeager;
and U. S. Statutory Invention Registration H521 to Fan. Anong the types of
cappi ng agents that can be used are, for exanple, hal ohydrocarbons (such as
chl oronet hyl styrene and allyl chloride), carboxylic acid halides (such as
acetyl chloride, acryloyl chloride, and nethacryl oyl chloride), carboxylic
aC|d esters (such as phenyl salicylate), carboxylic acid anhydrides (such




[0020] The poly(arylene ether) is reacted with the capping agent in the -
presence of a solvent. Suitable solvents include hal ogenated aliphatic

hydr ocar bon sol vents, aromatic hydrocarbon sol vents, hal ogenated aronatic
hydr ocar bwo s@lmeent s, and conbi nations thereof. |In someranbedhments, the
solvent is an aromatic hydrocarbon conprising at | east one aliphatic

car bon-car bon doubl e bond and/or at |east one aliphatic carbon-carbon

triple bond. Exanples of such aromatic hydrocarbon sol vents conprising at

| east one @&iviphaitraeesautdon-sdacinon pdosthbsis b GRtenantifigntedt the dadbcame al | phati c
carbon-carban triple bond include styrene, vinyl..Cls kyl benzenes (such
as vinyl t&HEnéE F“ﬁﬁwiﬁ§|%%?%%ﬁ%?J%T&?fﬁ%ﬁ%éﬁ%@ﬂi@ﬁefﬁ@%ﬁFﬁ%ﬂ &ne, and

Ehe I i keh Raehcaibs uésafﬁ;.et Eﬁﬁ %Qié e%;gmpzle,nzl em)ﬁdia;mni&ﬁymxﬁmmwe@foubs t ol uene.
0021] The_ reactjon of the poly(arylene ether) with the cappin gent is

al so conduereH i b t Fectisre néﬁeonéwkagﬁFﬁgOéaﬁaﬁ?@?WﬁTHénggﬁgg cappi ng
catal yst usgdmWiphinyteperda@n vlile ey Ben-ofitykapRi BenRaRAt otisedeoxifaivcexanpl e,

when the cappi hg agent is a halohydrocargon, a carboxylic acid halide, a
car boxyl i cPoagRizedqreqaalisk a carboxylic acid anhydride, the capping catal yst
is typically a Bronsted-Lowy base (that is, a base capable of accepting a

proton from a tgfigwm 'E@_Eonwgﬁwﬁxergﬂ%c%{(a RGe pOkY Canhyhiene edihemy)--
e ne

Bronsted-Lowwi basés include, for exanple, alkali tal hydroxides (such as
li t hi um hybf-oRéngEne sbai wHishaOoRIMgEy!- AAPhpoiws Sihghirid plok Faehination

unsubstit nd suybstiiuted.a ' OXxl . ASpahmni_um
hydroxideu%ﬁgg?eg}anet%@%%%ﬁ%ﬁ?ﬁ%?%?ggﬁg%%igﬁ&gﬁidg%ﬁﬁ%é???nC udi ng
primary, sgecoyidar stherandsspési fioval thy poletarylareyethen nas cayutre grolecuies

4- (N, N-di net hyl ami ne) pyridine) . .t . Of ﬁ@ i hg byproduct
used mﬁllevé a&%%@ﬁﬁpgﬁﬂl 325?%§D8?@%§%%%§8L562§F1%@%ﬁ%’ eggéﬂ% cappi ng
agent is anhalxehyenocerdbagentiapesmbexybtranail dpivabgudegnet MM I¥Apmiing

byproduct will typigally. be a halide jo such as. chl or.i de .ion).. Wen the
o bing. agertes SPEER AT i Bl PP e AR st h R st e cappi ng
byproduct whikh tdixpkeldpheRRuadnabeohehc(is yakends ThEbbiaRelencathaphanol ) . When
the capping agent is a carboxylic acid anhydride, the cappi.ng byproduct

will typic Py tsefoamcal BIIPRIYAETdF (YWER P aCEti € Bl dPV e i ¢ acid,
or net hacryhderag Miocd QP23 1018 wek A oifftiods RAhM (Ao 8A& SEhem: capping
procedure is the reaction "of an uncapped poly(arylene ether) with

met hacr yl i ¢regptgdr i de as cappi ng agent in the presence of

4- (N, N-di et hyl am no) pyri di ne as capping catalyst. In this reaction, the
prinmary cappl ngommglﬂ)@fy(drgleﬁ@étbé}? ¥ b&m@ek bne or more HRAZ24L AbLeE a capping
reaction m xture 1S forned by reacting a poly(arylene ether) with a capping
agent in therpyaseine Vi the solvippineaHyrFosnppismge ebtngliy SYdrorh&osappi ng

reaction nj x i ‘ i Moty u t ‘ ri.siyng at
east 5 wel g ek 3 ARG R BRm e AED R A SRRl TY, & ng
capped pol goparigtsenercahdnemy phmoblis divieny grothet sonicend ratsizoppldindiasd in t he

basi ¢ aqueo sol ution can_speci fii | % . t } p ent, nore
speci fi cal ﬁ’@ﬁ%’%fl% Etlf%r} V\grl Sgoﬁr%epeﬁngorggléﬁ%&s’ glégj gﬁnﬁg?ﬁgpw{aﬁﬁ%ﬁ%ﬁ@f@%f t he
basi ¢ aquefifiscsahlboofryiddet @éhdrhéhatt hea aglyeovsnonabdr) metihgdwdipdetadised in U S
Patent No. 6,897,282 to. Freshour et al. uses aqueous sodi um hydroxide at a
maxi mum c IRNOERY PSS E S hoi ni al , corresponding to about 4 wei ght
percent sodi um hydroxide - a substantially | ower base concentration than
used in the present nethod. As nmentioned above, it is very surprising that
t he capped poly(aryl ene ether) can tol erate exposure to such concentrated
base sol utions w thout suffering substantial deconposition. [ 0025]
The Freshour patent al so teaches that a hi gher poly(aryl ene ether)
concentration in solution during washing is desirable because it is

associ ated with decreased concentrations of residual inpurities in the

i sol ated poly(arylene ether). Specifically, a solution concentration of 50
wei ght percent poly(arylene ether) was favored over a solution
concentration of 21 wei ght percent poly(arylene ether). However, the
present inventors have observed that using high poly(arylcne ether)
concentration in solution can lead to ﬁnulsification of the aqueous and
organi ¢ phases, nmking separation of those phases very difficult The
present inventors have found that better results are achieved by proceeding
contrary to the express teachings of the Freshour patent by using a
relatively |low poly(arylene ether) concentration in solution. Specifically,
the present inventors have found that good inpurity separation is achieved
and enul sification is avoi ded when the capping reaction m xture conprises 5
to 25 wei ght percent, specifically 8 to 20 wei ght percent, nore

I T



[0031] In sone enbodi nents, the capping step is carried-on a polynerization
reaction mxture that conprises an oxidative polynerization catal yst netal,
such as copper or manganese. In other words, the nmethod can conprise

oxi dat i velvy 2p@logses i zi ng a nonohydri c phenol in the presasc@sofom sol vent
and a catalyst netal to forma polynerization reaction m xture conprising
the poly(arylene ether), solvent, and catalyst netal. In sone enbodi nents,
solvent is renoved fromthe polynerization reaction mxture prior to the
cappi ng step. The atalyqt nmetal can be rfénpved fromthel pol ymerization
reaction m xture prior the capping re djon. Afernat vely, the catalyst
nmetal can be renoved by ckel ati/on after tihe\capping reaction and before the
basi ¢ aqueous washiing step: ernatively, tal can be
renoved by chel ati on con M th the Mﬁshing step.

Thus, in sone e asfc dﬁu 0 er conprises a
chel ant. Exanpl es ne pol ycar boxylic
aci ds, am nopol ycanboxyl i pol ycar boxylic
acids, alkali netal salt ‘JnregO| ﬁgkall e earth netal
salts of the foregoing &Cids, m%ed al kalli®met al - alkal i ne_earth netal salts
of the foregoing acids, and the | i'k&, and conbinations théreof In sone
embodi ment &, ..L;h }‘Cﬂﬁl (?nﬁrp enfilhl %iﬁﬁljl kaclBhahviSRl dne®hmfliahd kigkéd AeRti ¢ acid.
I'n some enbodi ire h ant '1s used i an anmount of about | to about
15 nol es pte gmlpe cmfsmttnag aJIfyh;iﬂogmt aﬁsubﬂtlﬁltvbto* éhbﬂt!ﬁé?d éht(éz Adiogab¥bodi nent

[0032] 1 niBENEont 6t MindRCPHE el Bl of aF oa iy ePHRgE e ROl ot o

t he aqueou}syd@dm@fb@nhms Ql-at4 hmirmtgbybﬁy,smﬂa@atﬁ@dlaﬁcrmmotdubylo@p pihaginr act i on

m xture via a rocess conprisi a liquid-1iquid separation t ni que such
as decantd@?%ﬂ”@?m%%hﬁ?m? %ﬁﬂghsﬁ%ﬁ%%%ﬂ¥$$?ﬁ%§Fl5§€0§mgﬁﬁﬁﬁggg t he
force genegat @ﬁ iDIhdegti&dthy L@&Eﬂe@ rfrdm&’hebgo&p QOfkidiiag 1% @%ggt,ﬂmi{dgezs

specifically 000 to 10, 000 g (aryl ene
crher) | o SyRIHASTOBIRIHeC T ecerEevar mo B R B SRR

conpri si Oy QBAEH, hyh&%aﬂbﬁot@ceﬁhﬁ@@mﬁam E@W‘hﬁ%aﬂ%ﬁw ardaD,-CoNpri se

| ess than or eg parts per l'ion W%i ght of catalyst nmet a
speci fi cal hajolys rpcw&qyl@xqoaﬁheéﬂrpé? 13¢5 W‘bﬁmﬁ@? n@hﬁepé‘fa‘fcg’@aﬁlil%& Ipal , nore
speci fical t |, based
on the mel&ﬁggl%tbﬁe§ﬁgg 5?%2{ g%%éﬁRg%giﬂggiggﬁga%?ﬁﬁgﬁi%SQmQPQ?OO34] The
met hod canmoamgmmﬁedhn@eowhan‘6m@ﬁ&qme©wsﬂmégﬁydbﬁsﬂéwi1?0?W@ﬂaﬁﬁle in
some enbodi nent met hod thit onpI | t-h ng reaction
ni xt ur e mn%ﬁ’&é@' “)¥mwnfpﬂﬁgkgﬁ%%ﬁéi%%h (ﬂﬁﬁgﬁggﬁélgﬁa?g?f %ncludes
tap mater,hdﬁepmbﬁaﬁam&mﬁywﬂm&tnamﬂldmhémspumnmled wat ers, and water to
which smal|l amounts (<1 weight percent) of salts and/ ot other nodifiers
have been added. In|sonme gnbodi megts, thezwater has a cpnductivity of 0.05
to 1 mcrosienens at anoyher exanphke, in/sonme epbodi nents the

met hod conprises washing the-cagping reacti pa—mxture wth an acidic
aqueous solution. Uge of a dic wash is/partigularlyleffective for
extracting am ne kpPUpLLie asithe—4 ret-hyglantne) pyri di ne
catal yst used with (ineth)ag anhyd tde appi ngi agent. Suitable
aci ds include, for exanple, di/ochl oric acje—=Kulfuriciacid, formc acid,
acetic acid, propionic acid, oxahic acid, ¢itric\acid, and the |ike, and
m xtures thereof As |used ferein, Rhe pref&& (net hipacryl 1 conprises acryl -
and nmet hacryl -. For ‘exanple, the term”(meth)acrylic arhydride” includes

racrylic aphydri da! oAt IRINACkY i Granbudle RAE inalin8QHD sembad ot s, the

acid is acetic acld. acid concentration in the acidic a ueous wash can
be 0.2 to thenpbep pensibingep] hygreesrt | kdddey, onhstitged. @ sbpEvser Cl-rer, nore
specifical e for each
of the aqu odlljos%ﬁsD Eﬁron@g[{gAtgﬁmﬂfc{ro%ﬁ%@ﬁrdo ugnls ’ ggeg?ag’?h&gpﬁ kB;h @ZZ
poly(arylenﬁhﬁﬁﬁmﬂmumﬁhcbnhwhmm@nﬂm@,whbceémphm@%ﬁea@tvbnyNﬂwﬁﬂr@, t he
cappi ng agent type and concentration, the capping catal yst type and
concentration, the aqueous solution conposition, the washing tenperature,
and the type of equipnent used. Typical wash tines are 1 to 240 m nutes,
specifically 2 to 180 m nutes, nore specifically 5 to 60 mnutes. Nornally
the wash is conducted under mld agitation conditions to prevent the
formati on of an enulsion. Nom al agitation power input is 0.5 to 25
kil oj oul es per kil ogram of sol ution. [ 0036] In sone enbodi nents, the
capping reaction mxture is extracted with an aqueous sol ution conprising
an al kali netal hydroxi de, an aqueous solution conprising acetic acid, and
wat er. Washing with the agueous solution conprising an al kali netal



[ 0042] One specific enbodinent is a nmethod of prepanng a capped
poly(aryl ene ether), conprising: reacting a poly(arylene ether) with a
capping agent in the presence of a solvent and a capping catalyst to forma
cappi ng reachbevansdrs xt ure conpri sing a capped pol y(ar ylrenaseild@erpse sol vent,
cappi ng agent, capping catalyst, and a cappi ng byproduct; wherein the
poly(arylene ether) is the product of oxidatively polynerizing nononers
conprising 2,6-xylenol and 2, 2-bis(3,5-dinmethyl-4- hydroxyphenyl) propane;
wher ei n t hieast appratgoragent sdpsrafenib hilaganydnii expgehyptimisde ;s Wher;eing Yt nol ar
ratio of (neth)acrylic .anhydride to.hydrexy groups on the poly(aryl ene
ether) is 4% ,“%ﬁéﬁé?ﬁr%ﬁ§“§8FWgHF¥$gptoIuene; wherei n the capping
catal yst is 4-(N, N-di net hyl am no) pyri di ne; and wherein the capping
byproduct is (neth)aafylic acid; adjsusting ¢he conagentration ®f the capped
pol y(aryl ene ether) iln the chpping fleaction/m xturd to 5 to 25 wei ght

per cent prfTWOTTrtﬁﬁ;NwaShrnngTTh“Tﬁé—ba§TES%@Ueﬁﬁﬁisolﬁ?qon;cmashing t he
capping reaction mxture with a basic aqueous sol utijon conprising 5 to 15
wei ght percent of sodium hydroxide to yield a first purified solution
conpri sing capped poly(aryl ene ether) and solvent; wherein washing the
cappi ng r esixreinmach occurencaif R & indeperdeaduedwteddomuticamourscosgipiiiictfed at a

t enperature .of 60 . washi fi. urdfd i i.£.h an

aci di c anggﬁgﬁg3%%?r§ﬁ9%§g§%§?23%%9%F£°§%ﬁﬁaﬁﬁﬁgE§§€§?%¥%§&§%§%$¢ acid to
yi el d a seetntdpfitnfihedrsgl wbistiing arfplnidsigag, CapfpedydpotayiQar pieie-(et her) and

sol vent ; erein shi ng. t.he first ri.fied solutipon with an, acidi c aqueous
sol ution Y@%%ﬁ@ﬁ@%‘éﬁ’hg\‘gmﬁ taélprﬁef%q%ﬁ‘éelﬁor%@ @()H@§%,y ]G{/]\/(égrﬁ}l%gmtsﬁrenesecond
purified sahiHdiAem dabh WadueendeOoy Qe ladd @t i methyiueichi @dus@lcutifal Bonpri si ng
capped poly(aryl ene ether) and solvent; mherg{g washi n thg second purified
sol uti on WEEFCERRL BED PECUESRLL @ dis AR sER AHBEE LR §E2 80% 1389 95E2 Ynd

i sol ating tfg: cARREM.RahManY RERL: RE BRT R° Bid HeROhadpehdeaiingy@¥tduUsi on.

[ 0043] Anot her enbodinment is a (neth)acryl ate-capped pol y(aryl ene et her)
prepar ed byethieanteY hauthetrichee pr ecedi ng par agraph and conprising | ess than
or equal to 2,500 parts per mllion by weight of (neth)acryloyl groups as
(meth)acrylic acid or (neth)acryl oyl hydri de, and | ess than or equal to
1,000 parts per mllion by weight of 4-(N,N dimeth ylam no)pyridine.

[ 0044] The invention extends to a (neth)acryl ate-capped pol y(aryl ene et her)
prepared by the above nethods and conprising |ess than or equal to 2,500
parts per mllion by weight of (meth)acryloyi groups as (nmeth)acrylic acid
or (neth)acryloyl anhydride; and | essRthan or equal to 1,000 parts per
mllion by weight of 4-(N, N-di net hyl am no)pyridine, specifically |less than
or equal tg. 500 rts r..m LIjso 7 YWelj

4- (N, N-di n‘%f?ﬂii’"fla"?%%%o Ccptgr??l i r?g,ﬁ n%ggﬁsé@éllg |6§§%nlﬂ§ Eieyleegtsedt an t%? géocﬁlgal to 200
parts per ainkktimenobyydmeteght,-6F. BydrddaNbstli anst By Cahydrodegyiandiwtereis Rl | mor e

speci ficall ﬁyes han_.or equal to,100 parts per mllion by weight of

4- (N, N- di n%ﬁ‘/1 |°8$r‘“i°&}8%§§?1?“o% ”é.”fh%”“i“%&?‘:{‘)%\/e| s of inpurities distinguish
this (neth)acryl at e-capped pol y(aryl ene ether) fromprior art

(et h) acryl at e-[oappéd thel hi{wariydneheob{drge)ss ether) struch@O45pvelhdedenwment i on i s

further il)ustrated the foll ow ng.non-1imting exanples.  PREPARATI VE
EXAVPLE 1 TN G848 VDL o6 Hge TS Bu 40 Gab BT 57 st EhIvE 1 or

pr epiari ng ﬁ?@quaagl@@ uﬁlﬁs lar ﬁiof ﬁli:ﬁi@iehopabeslpiﬁltyf arﬁ:ﬂ;cein@azqiohygaxylené\emhﬂunct i onal
copol ynmer of_, 2, 6-di et hyl pheno 2,6-xylenol; 2,6-X)_and ..

2, 2- bi s( 3, BOlFHEL HyHe AT ok 9%5 WP?%F‘&%&%G X et aﬁe?ﬁvﬁ‘bﬁl%’&htanm A
TMBPA)  was,iRhep@rfste RyePxdadabiv apeaps! ywrhaatsh@i¥idady Dabusae lonyéhe
presence of a copper am ne catal yst. The nonomer nixture consisted of 83
wei ght  perserstspeciacadly Rep BYpRedsF semal 1 Mg isghicaper ssptfically at least 3,

2, 2-bi s(3, 5:di : - o] T / pper and

ot her maté@ogéﬁﬁgpéﬁg6ﬁ5§%g%téyggﬁgmg%P%geﬁgﬁﬁgﬁgggﬁgk?éﬁg%ﬂq?h_the
reaction ninetasebopromu ngstotagtetih rapnaseueetisoseqryd ddiNMR hiotdefqsinei acet at e
(NTA) sol ution, |51 i f [ I I n : (FPE) resin
had an int??%%?émggé%%gﬁf%!%?ﬁghg#pg%éﬁgﬁbsgg’ﬁég%¥%%é§k%g?9§%5%?(dl /9),
measured in chloroformat 25C. The termpinal hydroxy groups of the

bi functional PPE were nethacryl ate-capped by reaction with methacrylic
anhydride (MAA; 1.1 noles per nole of free -OH groups) in the presence of
N, N- di met hyl am nopyri di ne (DVMA?; 0.2 noles per nole of free -OH groups) as
capping catalyst to yield a 53 wei ght percent solution of

nmet hacryl at e- capped bi functional poly(arylene ether) in toluene. The

bi functional poly(arylene ether) had an intrinsic viscosity of 0.09 dL/g
measured at 25C in chlorof orm COVPARATI VE EXAMPLES 1 AND 2 [0047]




[ 0051] A solder fleat test was conducted according to 11) C-TM 650-2. 4. 13.
Briefly, the specinen (50mm x 50m) was floated on the surface of the

nol ten sol der for 10 seconds and then renpved and exam ned. The | am nate
was Vi sualMoyeexamiined for blistering, shrinkage, distaitri@ngsereel ting. A
"pass" rating would be for a lamnate with no visual signs of blistering,
shrinkage, distortion, or nelting. [ 0052] The results are in Table 1
bel ow. They show that the Conparative Exanple 1 |am nate prepared with a
pol y(aryl emtheﬁx)stiﬂi@ﬂélﬂn@t‘aeane&bdmaies rfertbmﬁmylais@c'amiddwﬁ@ﬁmgnalratdi on of

3,116 ppm _a resi du hacr nhydrid concentr ti o ppm and a
di r net hyl aﬁpﬁﬁﬁy?qea?’ ﬁ‘ée E%?fc%fﬂ af“?(g]ﬁt%‘?ﬂ f&g gFﬁSf Fy 8 ]é’%%% “der fl oat
test, whergasol hewenmpasiak ineikx anpiues. 21tlia fMcrdbre p@é@’{ﬂﬁﬁ(ﬁdemmﬁihe ghe

pol y(ar yl ene ether) having a residual net hacrél ic_acid concentration of

1, 810 ppm a@f%@sﬁ%ﬂbﬂ HeFAHFYA Plcarmydr PYE eonteketat poh BBt '981pm and a
di net hyl an&m.%cb Qh&iﬁ‘enﬁ@w@hﬁa&ur%@@ divi@ZoRRIhRRe $8chd he sol der fl oat

test. Table 1 C. C Ex. 2 Triallyl |socyanura e (pbw) 100 100
MA- PPE (pbw) 100 100 2 5 b| s(t-butyl per 5-di net hyl- 3- hexyne bw
2 .02 2112 tert- [lef%hlgastogghgtpb?%%ts,ot yﬁ\Jlnctlonai poiy(aryle)r/le ether) 13/ (pbw

bifunctional poly(arylene ether) having the structure

o’ H | HC ' CH, | B o
(I:H3
H—0 (13 O——H
CH,
Qf H | HC CH, | H Qb
e —a — - b

wherein each occurrence of Q° and Q° is independently methy! or
di-n-butylaminomethyl; and sach occurrence of aand b is mdependently 0 to about
20, provided that the sum of a and b is at least 2, specifically at least 3, more
specifically at least 4. Bifunctional poly(arylene ether)s having this structure can be
synthesized by oxidative copolymerization of 2,6-xylenol and 2,2-bis(3,5-dimethyl-4-

hydroxyphenyl)propane in the presence of a catalyst comprising di-n-butylamire.

[0013] Poly(arylene ether)s can be prepared by oxidative polymerization of
monomers comprising a monohydric phenel, such as 2,6-dimethylphenol,
2,3,6-trimethylphenol, or a mixtare thereof. Many other suitable monchydric phenols
are known in the art, Polyfunctional poly(aryiene ether)s {that is, poly(arylene ether)s
having two or more phenolic hydroxy groups) can be prepared by oxidative
copolymerization of a monohydric phenol and a polyhydric phenol.  Suitable
polyhydric phenols include, for example, 3,3°,5,5 -tetramethyl-4,4’-biphenoi,
2,2-b18(3-methyl-4-hydroxyphenyl)propane,
2,2-bis(3,5-dimethyl-4-hydroxvphenylypropane,  1,1-bis(4-hydroxyphenyl)methane,
1,1-bis{4-hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane
2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyljoctane,



~0.205 Resin in lamnate (w% 49.6 50.2 Lam nate thickness (nm 1.5 1.47 r
MACH (ppm) in MA-PPE 3,116 1,810 MAA (ppn) inMA-PPE 269 231 DVAP (ppm) in
MA- PPE 10, 827 2, 102
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1,1-bis(4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl}-n-butane,
bis(4-hydroxyphenyljphenylmethane, 1,1-bis(4-hydroxy-3-methylphenyljcyclohexane,
1,1-bis(4-hydroxy-3,5 —dimethylph.enyl)éyclopentane,
1,1-bis(4-hydroxy-3,5-dimethylphenyl)cyclohexane,
1,1-bis(4-hydroxy-3-methyiphenylboycioheptane,
1,1-bis(4-hydroxy-3,5-dimethylphenyljcycloheptane,
1,1-bis(4-hydroxy-3-methylphenyljcyciooctane,
1,1-bis(4-hydroxy-3,5-dimethyiphenyl)cyclooctane,
1,1-bis{4-hydroxy-3-methylphenyljcyclononane,
11,1-bis{4-hydroxy-3,5-dimethyiphenyl)cyclononane,
1,1-bis(4-hydroxy-3-methylphenyl)cyclodecane,
1,1-bis(4-hydroxy-3,5-dimethylphenyljcyclodecane,
1,1-bis{4-hydroxy-3-methylphenyl)cycloundecane,
1,1-bis(4-hydroxy-3,5-dimethylphenyljcycioundecane,
1,1-bis(4-hydroxy-3-methylphenyljcyclododecane,
1,1-big(4-hydroxy-3,5-dimethylphenyljcyclododecane,
1,1-bis(4-hydroxy-3-t-butylphenyl)propane,
2.2-bis(4-hydroxy-2,6-dimethyiphenyl)propane
2,2-bis(4-hydroxy-3-bromophenyl)propane,  1,1-bis(4-hydroxyphenyl)cyclopentane,
1,1-bis(4-hydroxyphenyl)eyclohexane, 1,1,1-tris(3,5-dimethyl-4-hydrxyphenyl)ethane
1,1, 1-tris(3-methyl-4-hydroxyphenyhethane,
1,3,5-tris(3,5-dimethyl-4-hydroxyphenyl-1-keto)benzene,
1,3,5-tris(3,5-dimethyl-4-hydroxyphenyl-1-isopropylidenebenzene,

2,2,4 4-tetrakis(3-methyl-dhydroxyphenyl)pentane, 2,2,4 4-tetrakis(3,5-dimethyl-
4-hydroxyphenyl)pentane,  1,1,4,4-tetrakis(3-methyl-4-hydroxyphenyl)cyclohexane,
1,1,44-tetrakis(3,5-dimethyl-4-hydroxyphenylcyclohexane,
1,3,5-tris(3,5-dimethyi-4-hydroxyphenylybenzene,
1,3,5-tris{3-methyl-4-hydroxyphenyi)benzene,
2,6-big(2-hydroxy-5-methylbenzyl}-4-methylphenoi,
4,6-dimethyi-2,4,6-tris(4-hydroxy-3-methylphenyl}-2-heptene,
4,6-dimethyl-2,4,6-tris(4-hydroxy-3,5-dimethylphenyl)-2-heptene,
4,6-dimethyl-2,4,6-tris(4-hvdroxy-3-methyiphenylheptane,

9



Sol der float test @60C Fail Pass @288C Fail Pass EXAMPLES 1-5

[ 0053] Exanples 1-5 illustrate the effect the concentration of the solids
in the organi c phase and the concentration of the aqueous base have on the
ret enti orwofoosat®rs i n t he organi ¢ phase during the extrrcaciScaopp®CeSS.

[ 0054] After capping the bifunctional poly(arylene ether), the resulting
tol uene solution (44.4% solids) was purified as follows: a 10 gram al i quot
of the solution was diluted to the required wei ght percent solids by adding
t ol uene ange-tiimestigii-2 14 e dhisEehwirexors-wadypbtuyDhedaneoi | bath at 80C for 30

ol Ut on vt BeCaBeE Y o DR arhOpHE TP kaa wel ght percent i the
aqueous phaeem@t®ﬁh&gp]S&hn@@ﬂﬁmnﬂmom@ﬁﬂﬁmpmﬂxinately 1 wei ght part of
aqueous sol uti on arts of toluene solution. R ght after addition of

t he aqueod%r%ﬁ%%éﬁﬁ?ﬁ%3gt zﬁﬁﬂﬂﬁgagﬁﬁken by hand for one nminute, and then
t he ntxtungu%@§4ﬁyhoﬁﬁ@kcmﬁdhﬁgh hmb@tkde, at 80C for 30 mnutes. After this
time, the mxture was taken ? t he 0|k bathE%FF processed in a |lab
centrlfugéﬁ%@ﬂ%4@®bﬂ?%ﬁ%ﬁiﬂﬂﬁﬁ%ﬁﬁyﬁﬁﬁﬁﬂgm PR MY80 i nutes. The sanpl e

was taken Qub;0f ri Hﬁr&:ﬁm KidfHOBy1ANa v i R8robWO-pBARS SnctRnE BRPaiRled by

pi petting out the top phase. The organi c phase was given a second or third

wash as i rititreatt el sdnert Powhdigentheths Ao/ hpic BlIPb coaReses B amelic

[ 0055] Th I nt by gas
chronatogsgﬁﬁ§9g%Lg9Pesu ?%ﬁ%fgﬁﬁ gﬁﬁﬁpﬁn$ﬂﬁ1%Zggwﬁgﬁg&ﬁﬁ€&6§_ I%t can be
seen from éfbeb] B8 adbifuhaiontheoly(etyéme iethar) g cpard dry quatlhecm@atﬂnéatmﬂaﬁe

|ncreases r.easin t ase, in this case
dytﬂgtégﬁﬂﬁﬁ %3%9? gféﬁé%$p4 %m%%ﬁm%@%ﬁ %?%e t ol uene ni xture.
In Exanple 1, where the concentration of solids in the organic phase is 15
wei ght percent mW@}mheomenﬂmnﬁnmﬂmmnhQPOMhEhaqﬂemuhmbae@nﬂgc4ﬂ@mﬂ 7 wei ght
percent, ? mater is found in the organic phase after a first wash,
and 451 p Vﬁgt et H& second wash. This val ue increases to 1564 ppm after
the first wash and 7048 ppm after the second wash when the concentration of
the solids is 40 weight pergent im’the ®rgani 8 phase and the concentration
of the aqueous base is 10.3-210.7/wei ght nt as represented by Exanple
5. Table 2

RS R7 R'f R6

wherein z is O or 1; cach occwrrence of R°and R’ is independently hydrogen, halogen,
unsubstituted or substitated C,-Cy; hydrocarbyl provided that the hydrocarbyl group is
not tertiary hydrocarbyl, Ci1-Ci, hydrocarbylthio, C;-Cyp hydrocarbyloxy, or Co-Cro
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and

oxygen atoms; and Y has a structure selected from

RS 0 R

|

N , C )

[ Jovemmnn V'3

, and O

|

Rl{)

<

j¢a)
Ot/ =)

wherein each occurrence of R®, R’, and R'? is independently selected from hydrogen

and C1-Cy; hydrocarbyl,
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Ex. 1 Ex. 2 Ex. 3 Ex. 4Ex. 5 WAsh No. 1 12 112 112112 Solids in organic
phase (wt% 15 20 25 30

WO 2009/029415 PCT/US2008/072959

10015} Polyfunctional poly{arylene ether)s can alsoc be prepared by a process
comprising oxidatively polymerizing a monohydric phenol in the presence of a
catalyst under conditions suitable to form a corresponding poly(arylene ether) and a
corresponding  diphenoquinone; separating the poly(arylene ether} and the
diphenoguinone from the catalyst; and equilibrating the poly(arylene ether} and the
diphenogquinone to form a poly(arylene ether) having two terminal.‘hydroxy groups.
An illustrative example of a corresponding poly(arviene ether) is poly(2,6-dimethyl-
1,4-phenylene ether) prepared from oxidative polymerization of 2,6-dimethylphenol.
An illustrative example of a corresponding diphenoquinone is 3,3°,5,5 -tetramethyl-
4,4’-diphenoquinone formed by oxidation of 2,6-dimethyiphenol. When this
preparation method is used, it may be necessary to purify the bifunctional poly{arylene
ether) to achieve a polydispersity index less than 2.2. An illustrative initial reaction
mixture composition for oxidative copolymerization of 2,6-dimethylphenol and 2,2-
bis(3,5-dimethyl-4-hydroxyphenyl)propane is as follows: 50192 parts by weight of
2,6-dimethylphenol, 109581 parts by weight of toluene, 503 parts by weight of di-n-
butylamine, 1175 parts by weight of dimethyl-n-butylamine, 264 parts by weight of &
diamine mix contaiping N,N’-dibutylethylenediammne and didecyl dimethyl
ammoniurn chloride, and 353 parts by weight of a catalyst mix containing 6.5 weight
percent Cu;O in aqueous hydrogen bromide. The polymerization reaction is
conducted by controfiing the temperature and oxygen concentration in the reaction
vessel. The concentration of copper in the polymerization reaction mixture is about
125 parts per million by weight based on the total weight of the reaction mixture, or
about 420 parts per million by weight based on the weight of poly(arylene ether)
product. The concentration of poly(arylene ether) product in the polymerization
reaction mixture is 29.8 weight percent based on the total weight of the reaction
mixture. The product bifunctional poly(arylene ether) has an intrinsic viscosity of

0.06 deciliter per gram measured in chloroform at 25°C.

[0016] Polyfunctional poly(arylene ether)s can also be prepared by a so-called
redistribution reaction in which a monofunctional poly(arylene ether) is equilibrated
with a polyhydric phenol, optionally in the presence of an oxidizing agent.

Redistribution reactions are known in the art and described, for example, m U.S.

11



40 NaCOH concentration in aqueous phase (%9 4.7 4.1 6.0 5.6 7.3 6.8 8.58.9
r 10.7 10.3 NaCH added vs. stoichionetric for MMOH (%9 75 75 75 75175

WO 2009/029415% PCE/US2008/072959

Patent Nos. 3,496,236 to Cooper ¢t al. and 5,880,221 to Liska et al. When this
preparation method is used, it may be necessary to purify the polyfunctional

poly(arylene ether) to achieve a polydispersity index less than 2.2.

[06017] The method' of preparing a capped poly(arylene ether) s applicab}'e o
poly(arylene ether)s having a broad range of intrinsic viscosities. For example, the
poly(arylene ether) can have an intrinsic viscosity of 0.04 to 1.0 deciliters per gram
{(dL/g), specifically 0.06 to 0.6 dl/g, more specifically 0.09 to 0.4 dL/g, stili more
specifically 0.09 t¢ 0.3 dL/g, even more specifically 0.09 to 0.2 di/g, yet more
specifically 0.09 to 0.15 dL/g, even more specifically 0.09 to 0.12 dL/g, ail as
measured in chloroform at 25°C. It will be understood that the same intrinsic

viscosity limitations can apply to the capped poly(aryiene ether).

[0018] Capping agents capable of reaction with poly(arylene ether)s to form
capped poly(arylene ether)s are known in the art. See, for example, U.S. Patent Nos.
4,562,243 and 4,634,742 and 4,665,137 to Percec, 4,063,402 to Percec et al,
6,306,978 B1 and 6,384,176 to Braat et al, 6,627,704 B2 to Yeager et al, and
6,962,965 to Yeager; and U.S. Statutory Invention Registration H521 to Fan. Among
the types of capping agents that can be used are, for example, halohydrocarbons (such
as chloromethylstyrene and allyl chloride), carboxylic acid halides (such as acetyl
chloride, acrvloyl chloride, and methacryloyl chioride), carboxylic acid esters (such as
pheny! salicylate), carboxylic acid anhydrides (such as acetic anhydride, acrylic
anhydride, and methacrylic anhydride}, carbonate esters (such as diphenyl carbonate
and bis{4-vinyiphenyl) carbonate), isocyanates (including diisocyanates), and

epichlorohydrin.

[0019] The molar ratio of the capping agent to phenolic hydroxy groups on the
poly{arylene ether) is chosen to balance the need for rapid and complete capping
(which favors high ratios) with the need to avoid introducing excess reagents that
increase the impurity burden in the washing step (which favors low ratios). It has
been observed that choosing a molar ratio of capping agent to hydroxy groups on the
poly(arylene ether) of 1 to 3, specifically 1.05 to 2, more specifically 1.1 to 1.5, strikes

a good balance between these competing demands.

12



175 1 75175 75 75 Water in final organic phase (ppn) 375 451 :1 479 |
528 | 629 il 1,101 554 1,928 1,564 7,048 EXAMPLE 6, COVPARATI VE EXAMPLE 3

WO 2009/029415 PCTAIS2008/G72959

[0020] The poly(arylene ether) is reacted with the capping agent in the
presence of a solvent. Suitable solvents include halogenated aliphatic hydrocarbon
solvents, aromatic hydrocarbon solvents, halogenated aromatic hydrocarbon solvents,
and combinations thereof In some embodimenis, the solvent is an aromatic
hydrocarbon comprising at least one aliphatic carbon-carbon double bond and/or at
least onc aliphatic carbon-carbon triple bond.  Examples of such aromatic
hvdrocarbon solvents comprising at least one aliphatic carbon-carbon double bond
and/or at least one aliphatic carbon-carbon triple bond inciude styrene, vinyl Ci-Cs
alkylbenzenes (such as vinyl toluenes), divinylbenzene, allylbenzene, 1-
ethynylbenzene, and the like, and mixtures thereof. In some embodiments, the solvent

18 toluene.

[00217 The reaction of the poly{arylene ether) with the capping agent 1s also
conducted in the presence of a capping catalyst. The type of capping cafalyst used
will depend on the type of capping agent used. For exampie, when the capping agent
is & halohydrocarbon, a carboxylic acid halide, a carboxylic acid ester, or a carboxylic
acid anhydride, the capping catalyst is typically a Bronsted-Lowry base (that 1s, a base
capable of accepting a proton from a terminal hydroxyl group of the poly(arylene
ether)). Bronsted-Lowry bases include, for example, alkali metal hydroxides {such as
lithium hydroxide, sodium hydroxide, and potassium hydroxide), unsubstituted and
substituied ammonium  hydroxides (such as ammonium hydroxide and
tetramethylammonium hydroxide), and amines (including primary, secondary, and

specifically tertiary amines such as 4-(N,N-dimethylamino)pyridine).

[0022] The type of capping byproduct used will also depend on the type of
capping agent used. When the capping agent is a halohydrocarbon or a carboxylic
acid halide, the capping byproduct will typically be a halide ion (such as chloride ion).
When the capping agent is a carboxylic acid ester or a carbonate ester, the capping
byproduct will typically be an alcohol (such as methanol, or phenol}. When the
capping agent is a carboxylic acid anhydride, the capping byproduct will typically be a

carboxylic acid {such as acetic acid, or acrylic acid, or methacrylic acid).
[0023] One example of a poly(arylene ether) capping procedure is the reaction
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[ 0057] These exanples illustrate the effect of varying of the ratio of the
organi ¢ and aqueous NaOH phases. For each extraction, the organi c phase was
a capping reaction mxture in toluene containing 42 weight percent solids.
For Conpawatiwersanpl e 3, the aqueous NaCH phase contminedoessovekght
percent NaOH. For Exanple 6, the aqueous NaCH phase contai ned 9 wei ght
percent NaOH. I n Conparative Exanple 3, 2.5 weight parts of the organic
phase are extracted with one weight part of the aqueous NaOH, whereas in
Exanpl e 6, of%mpatipedboltlaeyi@rgant)crvith nbttisiceyiay ahekide ac taping dgbntanehepar t  of

t he agueous NaCOH. . T xtraction procedure af Ex l es . 1-5 was uysed. The
resul ts ar EPeR Piast M atiaEg yé”“é‘.’o)l?mdme 255088 c?@%aﬁn S EBEHP FSm Tabl e 3

t hat increﬁﬁhﬁgcﬁﬁgﬁgﬂgﬂmhﬁqgm@mgxgkg@nic fraction being extracted from2.5
parts to 9 parts of organic m xture for one part of aqueous NaOH adversely

affects the residual anmounts of nethacrylic_anhydride, nethacrylic acid,
and water. |t &Qﬁzﬁe‘\%ﬁe@apmﬁ%fﬁaftr?& l’rl@%%a%@f%@vf %&%}3@%@@%@ in
Exanpl e 8 @fdrekvithasthpdingdndeds ihe2pBic@cs ubs kantitahl ¥ @pSat efitalyRamet hose
amounts in Exanple 7. In addition, the amount of water retention in the

or gani ¢ ph#BINE SCASUHSMAREE A] FHShER dbherPara aakemp AV WEPTISHEEX SRl e 7.
TeDLe s § pe Al e AR o U HD L
ether) and solvent. The concentration of base in the basic agueous solution can
specifically be 5 to 15 weight percent, more specifically 10 to 15 weight percent,
based on the total weight of the basic aqueous solution. Note that the agqueous wash
method disciosed in U.S, Patent No. 6,897,282 to Freshour ef al. uses agueous sodium
hydroxide at a maximum concentration of about 1 normal, corresponding to about 4
welght percent sodium hydroxide — a substantially lower base concentration than used
in the present method. As mentioned above, it is very surprising that the capped
poly(arylene sther) can tolerate exposure to such concentrated base solutions without

suffering substantial decomposition.

[0025] The Freshour patent aiso teaches that a higher poly(arylene ether)
concentration in solution during washing is desirable because it is associated with
decreased concentrations of residual impurities in the isolated poly(arylene ether).
Specifically, a solution concentration of 50 weight percent poly(arviene ether) was
favored over a solution concentration of 21 weight percent poly(arvlene ether).
However, the present inventors have observed that using high poly(arylene ether)
concentration in solution can lead to emulsification of the aqueous and organic
phases, making separation of those phases very difficult. The present inventors have
found that better results are achieved by proceeding contrary to the express feachings
of the Freshour patent by using a relatively low poty{arylene ether) concentration m
solution. Specifically, the present inventors have found that good impurify separation
is achieved and emulsification is avoided when the capping reaction mixtare
comprises 5 to 25 weight perceni, specifically 8 to 20 weight percent, more
specifically 12 to 18 weight percent, of the capped poly(arylene ether) during the

washing with the basic agueous solution. In many cases, 1t is desirable to use a
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after Wash 1: phase after :Wash 2 Organic phase after Wash 1 Organi ¢ phase
after Wash 2 MACH (ppm 26,984 6236771, 9061, 741 MAA (ppm 4,502 E2561, 266
1,737 1,689 DVAP (ppn)
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higher concentration of poly(arylene ether) during the capping step, so the method
can, optionally, comprise adjusting the concentration of (e.g., diluting) the capped
poly(arylene ether) in the capping reaction mixture to 5 to 25 weight percent prior to

the washing with the basic aqueous solution.

[0026] The base used in the basic aqueous solution can be any base effective
to improve the extraction of capping-related impurities from the capping reaction
mixture. Suitable bases include, for example, alkali metal hydroxides, water soluble
primary organic amines, water soluble secondary organic amines, water soluble
fertiary organic amines, and combinations thereof. In some embodiments, the base is

an alkali metal hydroxide, specifically sodium hydroxide.

[0027] The present inventors have also observed that the efficiency of the
washing step is improved when conducted at elevated temperature. For example,
washing the capping reaction muxture with a basic aqueous solution can be conducted

at a temperature of 60 to 95°C, specifically 70 fo 90°C, more specifically 75 to §5°C.

[0028] The present inventors have also observed that the efficiency of the
washing step is improved if the ratio of the basic agqueous solution viscosity to the
capping reaction mixture viscesity is 0.5:1 to 3:1 at the temperature at which washing

15 conducted,

[0029] Yet another way in which the present method can differ from the
washing method of the Freshour patent is in the volume ratic of poly{arylene ether)
solution and agueous wash. Freshour et al. used water/solution ratios of 1:1 to 2:1 and
expressed a preference for the higher ratic because it was associated with lower
concentrations of impurities in the iseolated poly{arvlene ether). However, the present
inventors have found that efficient extraction can be achieved when the weight ratio of
the capping reaction mixture to the basic aqueous solution is 2:1 to 25:1, specifically

3:1 to 20:1, more specifically 4:1 to 20:1.

[0030] Within the constraint that the basic aqueous solution comprises at least
1.2 moles per liter of base, the base concentrafion can also be specified in terms of a

meolar ratio with the capping agent. For example, the present inventors have observed
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4,464 1,8181,851 1,712 1,845 Water (ppm) 1119 11, 05530,672 6,626-57, 003
EXAMPLES 7- 10 [ 0059] These exanples illustrate the effects of
aqueous phase conposition (water versus aqueous NaOH) and organi ¢ phase
sol i ds comgcemimadsion on residual water and cappi ng reggerissogdsdypr oduct s,
as well as the quality of phase separation. The extraction procedure of
Exanpl es 1-5 was used. The quality of the separation of the organic phase
and aqueous phase was determned visually and is reported as "Decanted

wel | ", or thngapitee phase a@émli§inf hodd inhwtiede, and ém]nlas’b aqudoss §adutivackan The
concentration of MACHNMAA, termned.on a dry

pol ymer baSPeTEs Higivesk Ejdarngg‘)m Ogﬁé tP@s%@ pﬁrr%m tegawfdﬁmT%??I ¥ bel ow.

[0060] It G@Reileqseath: fifeemilabine sdmbhat m&gm&ié%owc&mammﬁproﬂmves
essentially all the DVAP, the retention of water in the org agj hase is
Faidy

rel ativel yrllsiganpise reapip e & e HEica e RIS 65T @PRAE RESAL daies > However,
the concent gl Onulls k&b S Sidual nM%é’ %gfh bS ah SlALE W elty 1 i Bhes 0 the ot her

hand, extracting wth aqueous sodi um hydroxide is nore effective in
renmovi ng Weaﬁdqwﬂ@t—m fisacidhaoreasrdiicilly doneenmples Pommele OORAPYEEr el ati vel y

hi gher, and so.i s, the LeL& cpﬁml?tg R b%@taﬁﬁedug s&iﬁgorpéﬁas gﬁan%‘t%% Qaseli} addi tion,

organi ¢ phase %orm; an enulsron w t e aqueous I't can al so be seen
f r om Exanpinesa@neeid.d ® @.hatolisner ew crfg%théeﬁ(frﬁ@einﬁr sitecidnalbf0.8861 9.8s in the
organi ¢ phase from,15 percent adversely affects the extraction
process asmglﬁﬁl?eééqoé% ﬁuivﬁlom ee% S%se in residual MAOH and MAA, and the
increase in water retention. Table 4

[0031] In some embodiments, the capping step is carried on a polymerization

reaction mixture that comprises an oxidative polymerization catalyst metal, such as
copper or manganese. In other words, the method can comprise oxidatively
polymerizing a monohydric phenol in the presence of a solvent and 2 catalyst metal to
form a polymerization reaction mixture comprising the poly{arylene ether), solvent,
and catalyst metal. In some embodiments, solvent is removed from the
polymerization reaction mixture prior fo the capping step. The catalyst metal can be
removed from the polymerization reaction mixture prior to the capping reaction.
Alternatively, the catalyst metal can be removed by chelation after the capping
reaction and before the basic aqueous washing step. Alternatively, the catalyst metal
can be removed by chelation concurrently with the basic aqueous washing step. Thus,
in some embodiments, the basic aqueous solution further comprises a chelant.
Examples of chelants include polyalkylenepolyamine polycarboxylic acids,
aminopolycarboxylic acids, aminocarboxylic acids, polycarboxylic acids, alkali metal
salts of the foregoing acids, alkaline earth metal salts of the foregoing acids, mixed
alkali metal-alkaline carth metal salts of the foregoing acids, and the like, and
combinations thereof In some embodiments, the chelant is an alkali metal salt of
nitrilottiacetic acid. In some embodiments, the chelant is used in an amount of about
1 to about 15 moles per mole of catalyst metal. In yet another alternative

embodiment, the catalyst metal can be removed after the basic aqueous washing step.

{0032] Independent of when the chelation of catalyst metal is conducied, the

aqueous chelant solution may be separated from the capping reaction mixture via a
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process comprising a liquid-liquid separation techmique such as decantation or
centrifugation. =~ When centrifugation is employed, the force generated by

centrifugation may be 1,000 to 15,000 g—forces, specifically 2,000 to 10,000 g-forces.

[0033] When the f)oly(arylene ether) is synthesized in the presence of a
polymerization catalyst comprising copper, the isolated capped poly(arylene ether) can
comprise less than or equal to 15 parts per million by weight of catalyst metal,
specifically 0.1 to 8 parts per million by weight of catalyst metal, more specifically 0.1
to 5 part per million by weight of catalyst metal, based on the weight of the isolated

capped poly(arylene ether).

[0034] The method can comprise more than one aqueous washing step. For
example, in some embodiments the method further comprises washing the capping
reaction mixture with water. It will be understood that the term “water” includes tap
water, deiomized water, various other purified waters, and water to which small
amounts (<1 weight percent) of salts and/or other modifiers have been added. In some
embodiments, the water has a conductivity of 0.05 to 1 microsiemens at 25°C. As
another example, in some embodiments the method comprises washing the capping
reaction mixture with an acidic agueous solution. Use of an acidic wash is
particularly effective for extracting amine impurities, such as the A-(INN-
dimethylamine)pyridine catalyst used with (methjacrylic anhydride as a capping agent.
Suitable acids include, for example, hydrochloric acid, sulfuric acid, formic acid,
acetic acid, propionic acid, oxalic acid, citric acid, and the like, and mixtures thereof.
As ased herein, the prefix (methjacryi- comprises acryl- and methacryl-. For example,
the term “(meth)acrylic anhydride” includes “acrylic anhydride” and “methacrylic
anhydride”. In some embodiments, the acid is acetic acid. The acid concentration in
the acidic agueous wash can be 0.2 to 1 mole per liter, specifically 0.25 to 0.8 mole

per liter, more specifically 0.3 to 0.6 moles per liter.

[0035] The time use for each of the agueous washing steps will depend on
factors including the poly(arylene ether) concentration in the capping reaction
mixture, the capping agent type and concentration, the capping catalyst type and

concentration, the agueous solution composition, the washing temperature, and the
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type of equipment used. Typical wash times are 1 to 240 minutes, specifically 2 to
180 minutes, more specifically 5 to 60 minutes. Normally the wash is conducted
under mild agitation conditions to pfevent the formation of an emulsion. Normal

agitation power mput is 0.5 to 25 kilojoules per kilogram of solution.

[0036] In some embodiments, the capping reaction mixture is extracted with
an aqueous solution comprising an alkali metal hydroxide, an aqueous solution
comprising acetic acid, and water. Washing with the aqueous solution comprising an
alkali metal hydroxide can be conducted before washing with the aqueous solution

comprising acetic acid, which in turn can be conducted before washing with water.

[0037] In some embodiments, the capping reaction mixture is extracted with a
first aqueous solufion comprising an alkali metal hydroxide, a second agueous
solution comprising an alkali métal hydroxide, an aguecus solution comprising acetic
acid, and water. Washing with the first and second aqueous solutions comprsing
alkali metal hydroxide can be conducted before washing with the aqueous solution

comprising acetic acid, which in turmn can be conducted before washing with water.

70038] One embodiment comprises washing the capping reaction mixture with
& first aqueous solution comprising an alkali metal hydroxide, a second agueous
solution comprising an alkali metal hydroxide, and water. Another embodiment
comprises washing the capping reaction mixture with a first aqueous solution
comprising an alkali metal hydroxide, a second aqueous solution comprising an allzali
metal hydroxide, an aqueous solution comprising acetic acid, and water. Another
embodiment comprises washing the capping reaction mixture with a first water wash,
an aqueous solution comprising an alkalf metal hydroxide, an aqueous solution
comprising acetic acid, and a second water wash, Another embodiment comprises
washing the capping reaction mixture with a first aqueous solution comprising an
alkali metal hydroxide, a second aqueous soiution comprising an alkall metal

hydroxide, a first water wash, and a second water wash.

[0039] Equipment that can be used for the aqueous washing steps, includes,
for example, liguid-liquid centrifuges, decanters, counter-current extraction
equipment, and combinations of the foregoing equipment.
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Organi ¢ Fphase enul sified Decanted well Organic phase enmulsified EXAMPLES
11- 14, COVPARATI VE EXAMPLE 4 [ 0061] These exanples illustrate the
results of extractions perfoinmed on a toluene m xture conprising 25 wei ght
percent puwioypergbane et her), 28,032 ppm MAOHMAA, 2, 25&tapmdeBise and 5 ppm
Nat The oxidative coupling catal yst was renoved by chelation prior to
extraction. Conparative Exanple 4 represents a sanple that was precipitated
usi ng i sopropanol as an antisolvent; it was not subjected to extraction
prior to preci gbal)iTes.sathakeipheshaus bk hgedXirractipenwasdiugenga. fBir each

exanpl e and residyal concentrations af  NMACH DVAP, and ' in the
organi c ph%i‘?@lpiﬁﬁ IWEFH EELaReRs Eﬁ?n‘g’ﬁt?& %P%&F%@Pe B%‘E?@?Ht""g?dt;lfaoc‘ﬁ?s metric"
refers to hesshl ehiieratifihatveenRictdecdie Ghtaditeah be vkt Bt sdatuval ent's of
met hacrylic acid, wherein the total equivalents of nethacrylic acid are the

sum of t heWABINgsStgE.  THeb HHRIeQIIE "aeh B sepd cetichide.fopyprmitct 2shHet he

capping reaghi on.and by bh RS LBAEIR! 68 REdEXEESRsTRIRAGL Yo GoaRhydri de
used in the capping reaction. In Table 5, "Acetic acid" refers to an
aqueous sohliethafiveborishest thagpiefese. B pasidegchar 4 jopriinughs geeds clifierd, and

water. In %ﬁﬁ&ﬁﬁ§ﬂt;¥¥&f&£hgg$ﬁﬁgﬁ ) dei oni zed water, For each washing
step, one wei'ght unit of aqueous  phase was used for seven units of capping

reaction mxture. The washi ng steps were conducted according to the
procedure of EX&fipl]dde meghod includes 0062} tiFtrepned paligvishoshethay 2t4id sequence

used in Example 1 hg@%ﬁ% ﬁa'gam gmﬁ&%ge&s&’sre%qm%lﬁmwﬁa@ &

subst ant i al””anoun s6di-um ion Temmins 1n the organi ¢ phase.
Exanpl es 1&2nmmek dodathotdmpmeontec Suiefd ©iad mblagnt rettoiomebile BvARatdmthgs odi um
with Exarrptlaxetm%i%n,besi,p?% r'lelg,ef\Ifijpg'é e?ﬁm atevz%)&a&i%g,t if?zgce M%%I}‘%h, Tﬁabslhe S Step
devolatilization (for example, using a flash vessel with a melt pump}, and
combinations of the foregoing methods. In some embodiments, the total isolation

method comprises devolatilizing extrusion.

[00421 One specific embodiment is a method of preparing a capped
poly(arviene ether), comprising: reacting a poly(arylene ether) with a capping agent in
the presence of a solvent and a capping catalyst to form a capping reaction mixiure
comprising a capped poly(arylene ether), solvent, capping agent, capping catalyst, and
a capping byproduct; wherein the poly(arviene ether) is the product of oxidatively
polymerizing monomers comprising 2,6-xylenol and 2,2-bis(3,5-dimethyl-4-
hydroxyphenylypropane; wherein the capping agent is (meth)acrylic anhydnde;
wherein the molar ratio of (meth)acrylic anhydride to hydroxy groups on the
poly(arylene ether) is 1 to 3; wherein the solvent is toluene; wherein the capping
catalyst is 4-(N,N-dimethylamino)pyridine; and wherein the capping byproduct is
{meth)acrylic acid; adjusting the concentration of the capped poly(arylene ether) in the
capping reaction mixture to 5 to 25 weight percent prior to the washing with the basic
aqueous solution; washing the capping reaction mixture with a basic aqueous solution
comprising 5 to 15 weight percent of sodium hydroxide to yield a first purified
solution comprising capped poly{arylene ether) and solvent; wherein washing the
capping reaction mixture with a basic aqueous solution is conducted at a temperature

of 60 to 95°C; washing the first purified solution with an acidic aqueous solution
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comprising 0.2 to 1 mole per liter acetic acid to yield a second purified solution
comptising capped poly(arylene ether) and solvent; wherein washing the first purified
solution with an acidic aqueous solution is conducted at a temperature of 60 to 95°C;
washing the second purified solution with water to yield a third purified solution
comprising capped poly(arylene ether) and solvent; wherein washing the second
purified solution with water is conducted at a temperature of 60 to 95°C; and isolating

the capped poly(arylene ether) by devolatilizing extrusion.

[0043] Another embodiment is a (meth)acrylate-capped poly{arylene ether)
prepared by the method of the preceding paragraph and comprising less than or equal
to 2,500 parts per million by weight of (meth)acryloyl groups as (methjacrylic acid or
(meth)acryloyl anhydride, and less than or equal to 1,000 parts per million by weight
of 4-(N,N-dimethvlamino)pyridine.

00447 The invention extends to a (meth)acryiate-capped poly(aryiene ether)
prepared by the above methods and comprising less than or equal to 2,500 parts per
million by weight of (meth)acryloyl groups as (meth)acrylic acid or (meth)acryloyl
anhydride; and less than or equal to 1,000 parts per million by weight of
4-(N N-dimethylamino)pyridine, specifically less than or equal to 500 parts per
million by weight of 4-(N,N-dimethylamino)pyridine, more specifically less than or
equal to 200 parts per million by weight of 4-(N,N-dimethylamino)pyridine, still more
specifically less than or equal to 100 parts per million by weight of
4.(N,N-dimethylamino)pyridine. The low levels of impurities distinguish this
(meth)acrylate-capped poly(aryiene ether) from prior art (meth)acrylate-capped
poly(arylene ether)s.

[0045] The invention is further illustrated by the following non-limiting

examples.
PREPARATIVE EXAMPLE 1

[0046] This example describes a general procedure for preparing a solution of
a bifunctional poly(arylene cther). A bifunctional copolymer of 2,6-dimethylphenol
(2,6-xylenol; 2,6-X} and 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane
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(tetramethylhisphenol A; TMBPA) was prepared by oxidative copolymerization in
toluene in the presence of a copper amine catalyst. The monomer mixture consisted
of 83 weight percent 2,6—dimethyiph.enbl and 17 weight percent 2,2-bis(3,5-dimethyl-
4-hydroxyphenyl)propane. - The catalyst copper and other water sofuble components
were either allowed to remam in the reaction mixture or extracted with an aqueous
trisodium nitrilotriacetate (NTA) solution. The resulting bifunctional poly(arviene
ether) (PPE) resin had an intrinsic Viécosity (IVy of about 0.09 deciliter per gram
(dL/g), measured in chloroform at 23°C. The terminal hydroxy groups of the
bifunctional PPE were methacrylate-capped by reaction with methacrylic anhydride
(MAA; 1.1 moles per mole of free -OH groups) in the presence of
N,N-dimethylaminopyridine (DMAP; 0.2 moles per mole of free -OH groups) as
capping catalyst to yield a 53 weight percent solution of methacrylate-capped
bifunctional poly(arylene ether) in toluene. The bifonctional poly(arylene ether) had

an intrinsic viscosity of 0.09 dL/g measured at 25°C in chloroform.
COMPARATIVE EXAMPLES 1 AND 2

[0047] These examples illustrate the importance of reducing the levels of
residual methacrylic acid, methacrylic anhydride, and capping catalyst in the isolated

bifunctional poly{arylene ether).

[0048] The samples designated Comparative Example 1 (“C. Ex. 17) was
prepared from the 53 weight percent solution of methacrylate-capped bifunctional
poly(arylene cther) in toluene described in Preparative Example 1. The methacrylate-
capped bifunctional poly(aryiene éther} was isolated from the 52 weight percent
solution by precipitation with methanol (3 weight parts methanol per 1 weight part
solution). After precipitation, the slurry was filtered and the cake was rinsed once

with methano! before drying in an oven.

[0049] Comparative Example 1 starting with a similar bifunctional copolymer
of 2,6-dimethylphenol and 2,2-bis(3,5-dimethyl-4-hydroxyphenyl), but the capping
and precipitation procedures were different. The methacrylate capping of this batch
was done using 1.7 mole methacrylic anhydride per mole of poly(arylene ether) -OH

groups and 0.2 mole DMAP per mole of -OH groups. The capped bifunctional
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polymer was isolated by antisolvent precipitation with isopropanol. The weight ratio
of isopropancl to solution was 3:1. After precipitation, the shury was filtered and the
cake was reslurried in isopropanol. The second slurry was filtered and the resulting

cake was dried in an oven. -

F0050] Léminates were prepared by impregnating glass cloth (17.78
centimeters (7 inches) by 19.05 centimeters (7.5 inches)) with a toluene solution of
resin. After mixing the resin solution for 30 minutes, the resin solution was heated to
65°C for 15-30 seconds. After two cycles of dipping the glass cloth, the glass cloth
was dried overnight by evaporation to obtain about 50 weight percent, impregnated
curable composition (i.e., a “prepreg”). Laminates were produced by stacking several
prepregs, compression molding for four minutes at a temperature of 150-180°C at a
pressure of 13.34 kilonewtons (3000 pounds), and cooling for three minutes in a hot

press. The average thickness for each laminate was determined using a micrometer.

[0051] A solder float test was conducted according te IPC-TM-650-2.4.13.
Briefly, the specimen (50mm x 50mm) was floated on the surface of the molten solder
for 10 seconds and then removed and examined. The laminate was visually examined
for blstering, shrinkage, distortion, or melting. A “pass” rating would be for 2

laminate with no visual signs of blistering, shrinkage, distortion, or melting,

[0052} The results are in Tabie 1 below, They show that the Comparative
Example 1 laminate prepared with a poly(arylene ether) having a residual methacrylic
acid concentration of 3,116 ppm, a residual methacrylic anhydride concentration of
269 ppm, and a dimethylaminopyridine concentration of 16,827 ppm failed the solder
float test, whereas the Comparative Example 2 laminate prepared with a poly{arylene
ether) having a residual methacrylic acid concentration of 1,810 ppm, a residual
methacrylic anhydride concentration of 231 ppm, and a dimethylaminopyridine
concentration of 2,102 ppm passed the solder float test.
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Table 1
C.Ex. 1 C Bx. 2

Triallyl isocyanurate (pbw) 100 100
MA-PPE (pbw) . 100 100
2,5-bis(t-butyl peroxy)-2,5-dimethyl-3-hexyne (pbw) 2.02 2.02
fert-butylcatechol (pbw) | 0208 0.205
Resin in laminate (wt%) 49.6 502
Laminate thickness (mm) ' 1.5 1.47
MAOQH (ppm) in MA-PPE 3,116 1,810
MAA (ppm) in MA-PPE 269 231
DMAP (ppfn) in MA-PPE 10,827 2,102
Solder fioat test

@ 260C Fail Pass
@ 288C Fail Pass
EXAMPLES 1-5

[0053] Examples -5 illustrate the effect the concentration of the solids m the
organic phase and the concentration of the aqueous base have on the retention of water

in the organic phase during the extraction process,

[0054] After capping the bifunctional poly(arylene ether}, the resulting toluene
solution {44.4% solids) was purified as féilows: a 10 gram aliquot of the solution was
diluted to the required weight percent solids by adding toluene and the diluted solution
was put in an oil bath at 80°C for 30 minutes. The required amount of deionized water
and 50 weight percent NaOH solution were added to obtain the desired NaOH weight
percent in the aqueous phase; the typical addition was approximately 1 weight part of
aqueous solution per 7 parts of toluene solution. Right after addition of the aqueous
phase, the mixture was shaken by hand for one minute, and then the mixture was put
back in the oil bath at 80°C for 30 minutes. Afier this fime, the mixture was taken out
of the oil bath and processed in a fab centrifuge at 3,000 rotations per minute (rpm) for
30 minutes. The sample was taken out of the centrifuge and the two phases were

separated by pipstting out the top phase. The organic phase was given 2 second or
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on dry polyner wei ght EXAMPLES 15-18 [ 0063] These exanples illustrate
the results of extractions performed on a toluene m xture conprising 25

wei ght peweoentsipohy(aryl cne ether), 27,989 ppm MACH 1-#ghAisz@gbdssppm DVA?,
and 4 ppm Na". The oxidative coupling catalyst was not renoved prior to
extraction, and the chel ati-on step was conbi ned with one of 27

third wash as indicated, following the same procedure described above.

[0055] The resulting organic phases were analyzed for water content by gas

chromatography. The results are shown in Table 2.

[00567 It can be seen from Table 2 that the retention of water in the organic
phase increases with increasing concentration of the aqueous base, in this case NaOH,
and increasing concentration of the solids in-the toluene mixture. In Example 1,
where the concentration of solids in the organic phase is 15 weight percent and the
concentration of the aqueous base is 4.1-4.7 weight percent, 375 ppm of water is
found in the organic phase after a first wash, and 451 ppm after the second wash. This
value increases to 1564 ppm after the first wash and 7048 ppm after the second wash
when the concentration of the solids is 40 weight percent in the organic phase and the

concentration of the agueous base is 10.3-10.7 weight percent as represented by

Example 5.
Table 2

Ex. 1 Ex.2 Ex. 3 Ex. 4 Ex. 5
Wash No. i 2 vl 21212
Solids 1 organic phase 5 20 25 30 40

{wto)

NaOH concentration in
agqueous phase (wi%)
NaOH added vs.
stoichiometric for 75 075 75 075 7S 7S 75 L IS LTS5 0 TS
MAOH (%)

Water in final organic
phase (ppm)

4.7 | 4.1 6‘{)%5.6 73 68 | 85189 1107103

375 | 451 | 479 1 528 | 629 [1,101] 554 |1,928/1,564{7,048

EXAMPLE 6, COMPARATIVE EXAMPLE 3

[0057] These examples illustrate the effect of varying of the ratio of the
organic and agueous NaQH phases. For cach extraction, the organic phase was a
capping reaction mixture in toluene containing 42 weight percent solids. For
Comparative Example 3, the aqueous NaOE phase contained 3 weight percent NaDH.
For Example 6, the aqueous NaOH phase contained 9 weight percent NaOH., In

Comparative Example 3, 2.5 weight parts of the organic phase are extracted with one
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t he agueous extraction steps. The washi ng steps were conducted according to
the procedure of Exanples 1-5, Table 6 sunmarizes the extraction seguence
for each exanple and the residual (nethacrylic acid + nethacrylic anhydride
( MAOHHVAAND 2daofobhals di met hyl ami no) pyri di ne (DVAP), and eidasuskevsiotreseor gani
phase after extraction. In Table 6, "NTA" refers to the chcl ant
nitrilotriacetic acid, which, when present, was used in an anount of 1.2
nol es per nole of copper ion in the polynerization catalyst. [ 0064]

|t can be &g farood thhegresyl ¥aOk nwiterbdsein6Exdngtie & §ipwits ar the ermdnigs t he one
for Exanples, 6 11-14 is observed, i i.n h r c he oxidative
pol yneri 2 aPFEH° 3’%%@%?&)‘5%%31]%8%& ﬁg@é 2 gﬁoa§ géog&}%ts%ﬁapﬁ‘égé% IFggct I on
process. TdUBampREDAlasafed. HEheaudutiatuieweovidadph Taige 8at al yst and byproduct s
prior to functionalization of the PPE or prior to extraction can be

edvani agsously gy e TRl ec S, SeP o UGS RIRSE T e
1,639 fraction being extracted from 2.5 parts to § parts of organic mixture for one part of
aqueous NaOH adversely affects the residual amounts of methacrylic anbhydride,
methacrylic acid, and water. . It can be noted that the residual MAOH and MAA
amounts in Example § after Wash 1 and Wash 2 are substantially greater than those
amounts in Example 7. In addition, the amount of water retention in the organic

phase is substantially greater in Example & than in Example 7.

Table 3
C.Ex.3 Ex. 6
2.5 parts organic: 1 part O parts organic: | part
aqueous-NaOH aquecus-NaQH
Initial | Organic phase | Organic Organic Organic
organic | after Wash 1 | phase after | phase after | phase after
o phase Wash 2 Wash 1 Wash 2
MAOH (ppm) | 26,984 623 677 1,906 1,741
MAA (ppm) 4,502 1,256 1,266 1,737 1,689
DMAP (ppm) | 4,464 1,818 - 1,851 1,712 1,845
Water (ppm) 1119 11,055 30,672 6,626 57,003

EXAMPLES 7-10

[0059] These examples illustrate the effects of aqueous phase composition
(water versus aqueous NaOH) and organic phase solids concentration on residual
water and capping reagents and byproducts, as well as the guality of phase separation.
The extraction procedure of Examples 1-5 was used. The guality of the separation of
the organic phase and aqueous phase was determined visually and is reported as
“Decanted well”, or “Organic phase emulsified” when an emuision is formed. The
concentration of MAOH+MAA, and that of DMAP were determined on a dry polymer
basis {indicated by *}. The results are listed in Table 4 below.

[00601 It can be seen from Table 4 that exiraction with water removes
essentially all the DMAP, the retention of water in the organic phase is relatively low,
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and the separated phases are easily decanted. However, the concentration of the
residual MAA+MAOQH is relatively high. On the other hand, extracting with aqueous
sodium hydroxide is more effective in removing MAA and MAOH, but the residual
concentration of DMAP is relatively higher, and so is the retention of water in the
organic phase. In addition, organic phase forms an emulsion with the aqueous phase.
It can also be seen from Examples 8 and 10 that increasing the concentration of solids
in the organic phase from 15 to 30 weight percent adversely affects the extraction

process as indicated by the increase in residual MAOH and MAA, and the increase i

water retention.

Table 4
Ex. 7 Ex. 8 Ex. 9 Ex. 10
Solids 1 organic phase 15 15 30 30
{(wt%)
Wash No. 1 1 1 1
NaQOH added vs. stoich. 0 100 0 100
for MAOH (%)
MAOH + MAA (ppm) * 268,313 8,313 263,570 10,760
DMAP {ppm) * 0 2,167 0 2,027
Water in final organic 1,225 4,564 1,629 17,121
phase {ppm)
Decanted Organic Decanted Organic
Quality of separation well phase well phase
emulsified emulsified

EXAMPLES 11-14, COMPARATIVE EXAMPLE 4

[0061] These examples illustrate the results of extractions performed on a
toluene mixture comprising 25 weight percent poly(arylene ether), 28,032 ppm
MAOH+MAA, 2,259 ppm DMAP, and § ppm Na”. The oxidative coupling catalyst
was removed by chelation prior to extraction. Comparative Example 4 represents a
sample that was precipitated using isopropanol as an antisolvent; it was not subjected
to extraction prior to precipitation. Table 5 shows the extraction sequence for each
example and residual concentrations of MAOH+MAA, DMAP, and Nz~ in the
organic phase after extraction, on a dry polymer basis. “Stoichiometric” refers to the
stoichiometry between the NaOH and the total equivalents of methacrylic acid,

wherein the total equivalents of methacrylic acid are the sum of the moles of
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methacrylic acid produced as a byproduct in the capping reaction and two times the
moles of excess methacrylic anhydride used in the capping reaction. In Table 5,
“Acetic acid” refers to an agueous solution consisting of 0.2 moles per liter of acetic
acid, and water. In Table 5, “Water” refers to deionized water., For each washing
step, one weight unit of aqueous phase was used for seven units of capping reaction
mixtare. The washing steps were conducted according to the procedure of Examples

™

1-3.

[0062] The results show that the sequence used in Example 11 most efficiently
extracts MAOF+MAA, however, a substantial amount of DMAP and sodium ion
remains in the organic phase. Examples 12 and 14 both produce efficient extraction

of DMAP and sodium, with Example 12 being more efficient at extracting

MAOH+MAA.
Table 5
Step Aqueous Phase  |MAOH + MAA| DMAP |Na (ppm)
No, (ppm) * (ppm) * *
: 1 75% stoich. NaQH 14,951 1,517 -
Ex. 11 2 75% stoich. NaOH 2,442 1,170 1,600
3 Water 1,552 780 544
1 75% stoich. NaOFH 8,764 2,013 o
Bx 12 2 75% stoich, NaQOH 2,837 1,823 -
) 3 Acetic acid 2,784 0 339
4 Water 2,330 0 64
1 150% stoich. NaOH 4,042 2,633 -
Ex. 13 2 Acetic acid 5,639 1,313 1940
3 Water 3,144 78 518
i Water 101,121 599 -
Ex. 14 2 150% stoich, NaOH 31,592 700 -
3 Acetic acid 5,159 0 a15
4 Water 3,172 0 45
C.Ex. 4 NA NA 3,666 1,241 27

* hased on dry poelymer weight
EXAMPLES 15-18

[0063] These examples illustrate the results of extractions performed on a
toluene mixture comprising 25 weight percent poly(arylene ether), 27,989 ppm
MAOQOH+MAA, 2,554 ppm DMAP, and 4 ppm Na’'. The oxidative coupling catalyst

was not removed prior to extraction, and the chelation step was combined with one of
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the aqueous extraction steps. The washing steps were conducted according to the
procedure of Bxamples 1-5. Table 6 summarizes the exiraction sequence for each
example and the residual (methacrylic acid + methacrylic anhydride (MACH+MAA),
4-(N,N-dimethylamino)pyridine (DMAP), and Nz’ in the organic phase after
extraction. In Table 6, “NTA” refers to the chelant nitrilotriacetic acid, which, when
present, was used in an amount of 1.2 moles per mole of copper ion m the

polymerization catalyst.

[0064] It can be seen from the results in Table 6 that a similar trend as the one
for Examples 11-14 is observed, implying that the presence of the oxidative
polymerization catalyst does not have a large effect on the extraction process. Thus,
removal of the oxidative coupling catalyst and byproducts prior to functionalization of

the PPE or prior to extraction can be advantageously avoided.

Table 6
Step No. Aqueous Phase MAQOH + DMAP  Na(ppm) *
MAA*(ppm) (ppm) *

i | 75% stoich. NaOH 31,477 1,639 -

Bx. 15 | * NTA :
2 75% stoich. NaQH 2,610 1,891 1,320
3 Water 1,012 1,620 519
1 75% stoich. NaOH 38,751 1,041 -

+ NTA

Ex. 16 2 75% stoich. NaOH 1,830 1,120 -
3 Acetic acid 2,049 113 339
4 Water 1,946 0 189
1 150% stoich. NaOH 3,656 2,482 -

Ex. 17 tNTA

' 2 Acetic acid 3,957 901 1,050

3 Water 2,823 441 663
1 Water + NTA 105,543 790 -

Ex 18 2 150% stoich, NaOH 3,073 1,065 -

' 3 Acetic acid 3,511 193 1,080

4 Water 2,574 0 391

* hased on dry polymer weight
EXAMPLES 19 AND 20, COMPARATIVE EXAMPLES 5 AND 6

[0065] These examples illusirate the effects of the liquid-fiquid extraction on

the unsaturated capping groups, specifically the extent to which extraction with
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aqueous sodium hydrexide hydrolyzes methacrylate capping groups on a poly(arylene
cther). All examples started with a toluene solution of a bifunctional PPE having an
intrinsic viscosity of 0.09 dL/g that had been capped using methacrylic anhydride,
wherein the oxidative coupling catalyst and catalysis byproducts had been removed
prior to capping. The toluene solution contained 25 weight percent poly(arylene
ether). For Comparative Example 5 and Example 19, the oxidative coupling catalyst
and catatysis byproducts had been removed by chelation prior to capping. For
Comparative Example 6 and Example 20, no chelation was conducted. For
Comparative Examples 5 and 6, no washing was conducted. For Examples 19 and 20,
the washing steps were conducted according to the procedure of Examples 1-5.
Specifically, Example 19 was washed sequentially with 75% stoichiometric NaOH,
75% stoichiometric NaQOH (again), and water. Example 20 was washed sequentially
with 75% stoichiometric NaOH and nitrilofriacetic acid, 75% stoichiometric NaOH,

and water,

100661 For all examples, the poly(arylene ether) was isclated by evaporation of
volatiles in a vacuum oven. The weight percent methacryloyl capping group
(-C(=0)CHCHL=CH,), based on the total weight of the poly(arylene ether), was
determined using "H NMR. The results, presented in Table 7, show, surprisingly, that
the extraction with the concenirated sodium hydroxide solution does not adversely
affect the methacrylate capping groups. (The apparent increase in capping group
concentration for Example 19 versus Comparative Example 5, and for Example 20

versus Comparative Example 6, is not statistically significant.

Table 7
MA-Cap (wt%)
C.Ex. 5 7.68
Ex. 19 8.19
C.Ex. 0 7.05
Ex. 20 7.24

f0067] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and
use the invention. The patentable scope of the invention 1s defined by the claims, and

may include other examples that occur to those skilled in the art. Such other examples
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- based on dry pol ynmer wei ght EXAMPLES 19 AND 20, COVPARATI VE EXAMPLES 5 AND
6 [ 0065] These exanples illustrate the effects of the liquid-liquid
extraction on the unsaturated capping groups, specifically the extent to
whi ch extwacbhésansans t h 28 aqueous sodi um hydr oxi de hydicglnszesormeidhacryl at e
cappi ng groups on a poly(arylene ether). Al exanples started with a
tol uene solution of a bifunctional PPE having an intrinsic viscosity of
0.09 dL/g that had been capped using nethacrylic anhydride, wherein the
oxi dati ve meupéidad tciad altlyiatthandpeat @b yaing i yipy dducitsichad cheentsribaroved pri or

to capping, The.rol uene sol ution contained .25 weight percent .pgl y(arylene
ether). Foi® Bdnf ?rag?r\l}em '15%I1én%13%%aﬁj%?acﬂﬁ1né’ ‘iTfoqFWe&fi&lﬁ?jSﬂ‘illg%e%oupI i ng
cat al yst anghceal aliansng ByRriadbehsihagitherss nerpwedifal cheladd ehtheri or to
cappi ng. For, Conparative Exanple 6 and Exanpl e 20, no chel ati on was
conduct ed. ¢1#8¥ Conparative Exanples 5 and 6, no washi ng was conducted. For
Exanpl es 19 and 20, the washing steps were conducted according to the

procedure of Exargsegl kited SRegd, T paalk| yoplibxaimpl end Soas ryvashed sequentially
Wi th 75% stoichionetric NaQH, 75% stoichionetric NaOH (again), and water.
Exanpl e 200GRBOWSS REETsBGirEHenca It Jioi PHEP5 4 ISV Sridtt el RZEIFEnd

nitrilotriggpetdien aGhehdiclai0ShBik&NaPlfh & NaGdorRbeiEREnce, the term[ 0066]  For
all exanples, the poly(arylene ether) was isolated by evaporation of

vol ati | es fremdhy aeagenh vbertioTHekaiaefstense Coenthenenfisting |teyl BespPieng gr oup
(- C(=0) CH( é&?é@}efeﬂe ed on the total weight of the poly(arylene ether),
was determ ned usi ng -1 NVMR The results, presented in Table 7, show,
surprisingly, that the extraction with the concentrated sodi um hydroxi de
sol uti on does r6EcSadieramatsy distipect hardie apetisisivgl oft @ cagpiing ¢ifoliss. (The
apparent i N I ratlon for Exanple 19 versus
Conparat i v%%éﬁgan%éeﬂge%%g%gﬂgg&@%r%ﬁgﬁg%h\?g{reg‘us Conparative Exanple 6, is

not statistically significant.) Table 7 MA-Cap (W% C. Ex. 5 7.68 Ex, 19
8.19 C. Ex. 6 [0070] The use of the terms “a” and “an” and “the” and similar referents in the

context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. Further, it should further be noted
that the terms “first,” “second,” and the like herein do not denote any order, quantity,
or importance, but rather are used to distinguish one element from another. The
modifier “about” used in connection with a quantity is inclusive of the stated value
and has the meaning dictated by the context (e.g., # includes the degree of error

associated with measurement of the particular quantity).
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7.05 Ex. 20 7.24 [0067] This witten description uses exanples to
di scl ose the invention, including the best node, and also to enable any
person skilled in the art to nmake and use the invention. The patentable
scope of the invention is defined by the clains, and may i nclude ot her
exanpl es that occur to those skilled in the art. Such other exanples are
i ntendedCiladb&:within the scope of the claims if they have structural

el ements that do not differ fromthe literal |anguage of the clains, or if
t hey i nel ugde uj val ent. structural, el ements with i.nsubstantial differences
o t ol R ofrEhting b Sl Gh R Mo BB Al I el fed pat om s,
patent a ILcatian, and otper ref er.ences ar incor$qggte her%jn by =

r ef er encE2FTRG hEPY CBATIS RS WEBRSTRRNS 851 1 RPATtH Y 108sBhE dpp! i cat i on
contr adi g4shi cab Mk ld B AMabping rbREbR rﬂiﬂru%é&nﬁdﬁ}ﬁﬂ{g%)ééﬁﬁ&' sefenence, the
ten, fromthe present application takes precedence oveér tﬁe conflicting

t er m f r optheNesalveob cprmng egknt.ahppliopeetalyst, and a fQOEY bulirdducginges di scl osed
herein are inclusive of the endpoints, and the endpoints are independently
combi nab | : ; : : R, 1B, and "an”
and "t heﬁg%é glie%%@g?g%%%?neﬁ %%en&@g%@%é%fk@f tH ﬁ%?&%%i%%g&t 1hogmi nvention
(especi allb weight pbreent o & &xse tofyiditie f gpurdwidnglutloaicnsipriaing chppdde construed to

cover bot he singular, and th lural , uynl ess ot herw se indicated herein
o0 el o POiReRe ) Bl S0 o nBe B st R cSrieh o PR e be ot cq
that theatg8t squebhd Slution'is 86RNkted ARerhP@athiksT d0ab®isA (doiraQiheftgNRee any

order, quantity, or inportance, but rather are used to distinguish one

el ement FappngisettivemixTine ambihiefbasic atudswa solutgeareinsed ormweighbmtiokf h a
quantity h%:5§%L%§éve of the stated value and has the meaning dictated by
t he cont%x (8:g., it includes the degree of error associated with
nmeasurenment of the particular quantity). CLAIMS: 1. A nethod of preparing

a cappedigptdtngahedappel miiferyiencoatng) sk tyal iscdstoimi megthadpol y(aryl ene et her)
with a capping agent in the presence of a solvent and a capping catalyst to
forma capping reaction mxture conprising a capped pol y(aryl ene ether),

b ehopi oo BeaSe RO R 8 ek Bl R BB 1 10" Po
15 meighFKﬁ@gggﬁkrgh(%ggﬁg%ﬂk@ighqbq.apurified sol ution conprising capped

pol y(aryl'ene ether) "and sol vent; wherein the washing the capping reaction
m xture with a basic aqueous solution is conducted at a tenperature of 60

to 95 C ; 1 wherein. the capping . feaction mxtur.e and the basic.aqueous
o uti on arereagnet el EAPRE G Bt wlifn RSk AN £ M he
capped pelydiapyiceneagiddeioly(Riyldeteticd) durbgltiad WashidEew B ehe basic aqueous

solution.

4. The method of claim 1, further comprising adjusting the concentration of the
capped poly(arylene ether) in the capping reaction mixture to 5 to 25 weight percent
prior to the washing with the basic aqueous solution. '

5. The method of claim 1, wherein the base is selected from the group consisting of
alkali metal hydroxides, water soluble primary organic amines, water soluble secondary

organic amines, water soluble tertiary organic amines, and combinations thereof.

6. The method of claim 1, wherein the base is an alkali metal hydroxide.
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2. The néfﬁbd of claim1, wherein the mol ar ratio of cappi ng agent to

hydr oxy groups on the poly(arylene ether) is 1 to 3. 3. The net hod of
claim1l1, wherein the capping reaction m xture conprises 5 to. 25 wei ght

per cent capped poly(arylene ether) during the washing with the basic
aqueous sol ution. 4. The method of claim11, further conprising adjusting
the concentration of the capped poly(arylene ether) in the capping reaction
m xture to_5 to 25 i ght percent prior . to the washing with the basic
agueous s oFuWEhedw?thO%Agf ‘Sﬁ*ﬁbﬁﬁ@t%%ﬁ therwashinening canpies BRAIMHBIGHE 81 sel ect ed

f rom the yaLi0uR.EONMIRING cOfaRldid b 1SR RYALANLAGS battBhileoBO! UDI € primary
organi c am nes, water sol uble secondary organi c am nes, ter sol uble

terti ary solugamhss afshesgosapndnd telvapatg onstidhmixaofe has@.seddnd viveddiggd of cl aim
1, wherein.the base .is_.an alkali ne hydroxide.. . 7.  The nethod of
ciaim L, “RAEPECH ¢ REOREEH g ‘t’lﬁcé’s‘é%l%%}“ﬁégﬁoé‘gé’ﬁcﬁﬁfydﬁ POt h a basi ¢
aqueous solution is conducted at a tenperature at which the basic aqueous
solution has a first viscosity and the capping reaction mxture has a

- second vi s8oBiamgtheddf slikisr &i wheaein sl @ppngtagentfis s acidiaglwkideyando t he second
viscosity,is.0.5,1.to 3:1. .. The nmethod of.claim?1l, reiLn_the capping
agent 1 s "IFTOUR [ VAR pavI<Rs solgfitn GHEP Een 91%@8%55%&5%81‘1@%8?&%

conpr i se$et felctTsBuivileRNfra M) tviefeiPeduiiQerd 7Rl BRI DS B 6f BE mWMdioyal ent
free acid, wherein equivalent free acid is the sumof the noles of acid

pr oduced agxl paodiged ot praduct Hdhe egppinggersiastand five Hehes W molseel t he nol es of
excess c i t. 9. The nethod of claim8, wherein the basic agueous
solution%ggﬁg%ﬁ%gg qg'base in an anount of 0.6 to 1.5 noles per nole of
equi val ent free acid. 10. The method of claim1, wherein the basic
aqueous solution further, conprises a chel ant. 11. The method of claiml,
further corpHiednegodst daim ferhorpaIlmpasicAREOw SHHRyaMPEsEEnbIseih t he
presence Qfm2usOlMedto ﬁ@ﬂx&eﬁﬂ%?&d&f%&&ﬁe& ?reég i1 @ pol ymerization
reaction mXxture conprising the poly(arylene ether), solvent, and an

oxi dative polynerization catalyst netal; and further conprising chelating

t he oxi dati pol i zatio atal yst. netal prior to the washing the
cappi ng 1 b TERHRSA o Qe trarrpadichast st solien Siriher CBPTsRE et hod of
claim1, ueiiher conprising oxidatively polynerizing a nonohydric phenol in
t he presence of a solvent and a catalyst netal to forma pol ynerization
reaction m xture conprising the poly(arylene ether), solvent, and an
oxi dative ?I réeri a ifq .ca{lal yst netal; and further conprising chel ating
the_capping [o dP?é? FFERM the washi ng the capping reaction mxture with a
basic aq ittt cggllpyztsilng gXidativeiy polymerizing a monohydric phenol in the presence of a

solvent and a catalyst metal to form a polymerization reaction mixture comprising the

poly(arylene ether), solvent, and an oxidative'-polymerization catalyst metal; and

~ further comprising chelating the oxidative polymerization catalyst metal prior to the

washing the capping reaction mixture with a basic aqueous solution.

12. The method of claim 1,

further comprising oxidatively polymerizing a monohydric phenol in the presence of a
solvent and a catalyst metal to form a polymerization reaction mixture comprising the

poly(arylene ether), solvent, and an oxidative polymerization catalyst metal; and

further comprising chelating the capping catalyst after the washing the capping reaction

mixture with a basic aqueous solution.

32



13. The method of claim1l, wherein the nethod is conducted in batch node;
wherein the nethod further conprises washing the capping reaction m xture
with water, an acidic agqueous solution, or a second basic aqueous sol ution;
and wherein the washing the capping reaction mXture with water, an acidic
agueous solution, or a second basic aqueous solution is conducted in the
sane equi pnent as the washing the capping reaction mxture with the basic
aqueous solution. _ 14. The nethod of claim1, wherein the nmethod is

conduct ed ¥ thsinsthod akclapu s, whiieap dhhmethedieetnsdcedin brich moderyiregnwashi ng

t he cappi r | i | ' | di olution, or a
second bé‘g? rgeglggg%lglgers%gﬁ%ﬁ F%ﬁws glng\‘@éfgarrpgim% { %Cgio\%anglﬁﬁéaﬁ ﬁzﬁa(%:%{pp ng reaction
m xt ure widic sqpieets sodutiaC bd secaslieisaciebiy dodition9 indwb@smnte Rasiisg agueous
solution js conducted in different equipnment than is used for the washing

t he cappi%cqpéa’étfr‘:%ﬁﬁmﬁﬂwa%f%wmwﬁtrh@l #adic aqueye sUEtb opfiserpnd bagis.  The

met hod of, 6Ll Wik o el Bilihes j 1191 Bk [ ed fromthe
group coﬁgistfng S?Mgijgﬁa%%*?g%ﬁgﬂéi%igéggﬁggspra%ﬁngﬁﬁgghﬁﬁ%ed film
evapor at irearfiof mdkemrewipdalbdsonguédrashlutdienol atili zati on, and conbi nati ons of
t he foregoi ng net hods. 16. The method of claim1, wherein the total

i solation method conprises devolatilizing extrusion.  17. ‘The nethod of
claiml, fanthRim&BBRbF shbite 1 WaBhtiighd ReHGARPLARIERAH é&%ﬂ%ﬁ%é&;w th

wat er . 18. The net hod of c1aln11, further conprising washing the capping
react i on vhexginide mpthnd drthee cethpriszs teshis g €l eapping reactio®mitnee wih hatkrof ¢l ai m

18, wherein th i di | uti i 0.2 to 1 nol it
of an acith rosth RS AR B TR b R PR it B el et ed from
the groupyRBigitsd tapindf readtivd MORRIOWIH vAtédan SHILUELGUaSHIdE0d, ]l € acid,

acetic acid, propionic acid, oxalic acid, citric acid, and m xtures thereof
21. The MmEtWEPagF adredumsaiBtionkaoadurtedia ditfergnt equipeant ghands dsed fopthe The
met hod of i rejn. y | ction mxture is extracted with a
first aqt}x]eagh@kg% %%P@S“?rg%&rﬁﬁ?!ﬁ?f‘%g’ﬁﬂgﬁ‘i@%ﬁ Herar Sﬁ%? Oxi de, a second
aqueous solution conprising an al kali netal hydroxi de, water 23. The
nmet hod of %égin1l, wherein the capping reaction mxture is extracted with -

an aqueous h_;?t‘flﬁthoé 8?7?)1!31% t n‘_ﬁh"dﬁnéﬁ‘?@f“ﬂ isgdatign methedisisalected fromyheous
sol uti on LM ISisHfls 8E&NVofatiBEIng ex@Bon, spray drying, wiped film evaporation, flake

evaporation, flash devolatilization, and combinations of the foregoing methods.

16. The method of claim 1, wherein the total isolation method comprises

devolatilizing extrusion.

17. The method of claim 1, further comprisi;gig washing the capping reaction mixture

with water.

18. The method of claim 1, further comprising washing the capping reaction mixture

with an acidic aqueous solution.

19. The method of claim 18, wherein the acidic agueous solution comprises 0.2 to 1

moles per liter of an acid.
20. The method of claim 18, wherein the acid is selected from the group consisting of
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wat er . 24. The nmethod of claim 1, wherein the capping reaction mxture is
extracted with a first aqueous solution conprising an al kali netal

hydr oxi de, a second aqueous sol ution conprising an al kali netal hydroxide,
an aqueous sol ution conprising acetic acid, and water. 25. The net hod of
claim1, wherein the capping reaction mxture is extracted with a first

wat er wasiydreahlonig ey sl vl WkdOfbrggeid, Scait aid, prdgadidic BEHAdx Ay dEXT de, an
aqueous sol ution conprising acetic acid, and a second water wash. 26.
The net heirisfcd) aidmxtughdeeph t he capping reaction nmixture is extracted
with a first aqueous solution conprising an al kali netal hydroxide, a
second aqueous solution conprising an alkali netal hydroxide, a first water
wash, and aisBeonethwdbeslaiasis, whered theldugd Fekbiactf. cl aim 1, further
conprising washing the purified solution with an aqueous sol ution sel ected
fromthe group consisting of basic aqueous sol utions, acidic aqueous

soputions, santhdBbAbd of claifb, WillSeiflBldObotls AR Tt 'Sl RGOl vent s

sel ected from't group consisting o e, xylenes, styrene, vinyl

Cl- Coal | ¢y, j Vi 8l z&he, 1-ethynyl benzene, and
nixtures%ﬁﬁgfggggﬁﬁmhgg¥Cﬁ%hggﬁgggg?ﬂgfg%ggﬁﬁg a capped pol y(aryl ene
et her), conprising: ‘ '

) a srggond aqugous solution comprising an alkali metal hydroxide,

water,

23. The method of claim 1, wherein the capping reaction mixture is extracted with

an aqueous solution comprising an alkali metal hydroxide,
an agueous solution comprising acetic acid, and

water.

24. The method of claim 1, wherein the capping reaction mixture is extracted with

a first aqueous solution comprising an alkali metal hydroxide,
a second aqueous solution comprising an alkali metal hydroxide;
an agqueous solution compriéing acetic acid, and

water.

25. The method of claim 1, wherein the capping reaction mixture is extracted with

a first water wash,
an aqueous solution comprising an alkali metal hydroxide,
an aqueous solution comprising acetic acid, and

a second water wash.
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reacting a poly(arylene ether) with a capping agent in the presence of a
sol vent and a capping catalyst to forma capping reaction m xture
conprising a capped poly(aryl ene ether), solvent, capping agent, capping
catal yst, and a cappi ng byproduct; wherein the poly(arylene ether) is the
product of oxidatively polynerizing nononers conprising 2,6-xylenol and
2,2-bis(3,5-dinethyl-4- hydroxyphenyl)propane wherein the capping agent is
(neth)acrylic anhydri wherein the nolar ratio of (nmeth)acrylic anhydride
to hydr oxy2@ridgpas erfézalpoi Y(ergm Eesappingryaction mixorais eifrested withhe sol vent
i s tol uene; mherein the capping catalyst is 4-(N, N—dinethylanino)pyridine
and wher @ifirstageequsspiufign ByppoTing en Elsalf metdh padrogides aci d; adj usting the
concentration of the capped poly(arylene ether) in the capping reaction

m xture ta%eé)ntd%ﬁgéju%blgﬁén B&hS8Gha B LIREN hed RGaM@AR{Y Nng with the basic
aqueous sol ution; washing the capping reactionh mxture with a basic aqueous
sol ution conpr|S|ng 10 to 15 wei ght percent of sodium hydroxide to yield a
first puﬁﬁﬁ%%ﬁ%@W%*r%ﬁ~conpr|3|ng capped poly(aryl ene ether) and sol vent;
wher ei n washing the capping reaction mxture with a basic aqueous sol ution
I s condugteehmtwaertveigper ature of 60 to 95 C.; and wherein the capping
reaction m xture and the basic agueous solution are used in a weight ratio
of 2:1 to 25:1; washing the first purified solution with an acidi c aqueous
solution conprising 0.2 to 1 nole per liter acetic acid to yield a second
purified saf. Lﬁheomﬁthqﬁwqtﬁqlemnig ferhp eampo Fipg avaghiag shepurefied sahuios otithent :

wherein “ﬂﬁgkﬁ oh£’nsée&% Hﬁ%h%ed sou%tignopkth an aﬁidig a uegps solution
i s conduc a'te era ure "or etk t0 5@'% ﬁ%ﬁa %ﬁé % purified
soIut|onagh&nmu@mﬁﬁmg@mywe&d athird purified sol ution conprising capped
poly(aryl ene ether) and sol vent; wherein washing the second purified

sol ution mith water is. conducted at a tenperature of 60 to 95 C.; and

i solating 4 %ﬁéﬂd &géiargﬁa et e%;eri% oenpgg JeuRlgd gigre'gigu e&s}a Ogof N 30.

A (neth)acryla e- cappe ne et her repare aim
29 and C@rfmlumengzld:msstyrhmj varyl @q@alalldyﬂaeazeﬁﬁ@ cpalmpﬂaepﬁnemllyibeﬁzenley wei ght
of (et h) groups, wherein t (met h)acryl oyl groups are the tota
(neth)acry?g 1§W€ﬁﬁswpn Q%WFSQ§“?Eeth)acrylic acid or (neth)acryl oyl
anhydride; and |less than or equal to 1,000 parts per mllion by weight of
4- (N, Ndi et hyl am no) pyri di ne. 31. The nethod of claim?29, wherein the
cappi ng readgiA orthndaf prapadonsicapredpbly(dslecapibed, pohyfanygl ene et her),
sol vent, capping agent, capping catalyst, and cappi ng byproduct; and
wher ei n trbestibgs ipolyérqyiemmsths@ ijthi oreppog sigettsn die wateace ahdsdlhant 20d 80 15
wei ght percent of d unihg i de

capping catalyst to form a appmg reaction mixture comprising a capped poly(arylene

ether), solvent, capping agent, capping catalyst, and a capping byproduct; wherein the

poly(arylene ether) is the product of oxidatively polymerizing monomers comprising

2,6-xylenol and 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane; wherein the capping

agent is (meth)acrylic anhydride; wherein the molar ratio of{meth)acrylic anhydride to

hydroxy groups on the poly(arylene ether) is 1 to 3; wherein the solvent is toluene;

wherein the capping catalyst is 4-(N,N-dimethylamino)pyridine; and wherein the

capping byproduct is (meth)acrylic acid;

adjusting the concentration of the capped poly(arylene ether) in the capping reaction

mixture to 5 to 25 weight percent prior to the washing with the basic aqueous solution;

washing the capping reaction mixture with a basic aqueous solution comprising 10 to

15 weight percent of sodium hydroxide to yield a first purified solution comprising



capped poly{arylene ether) and soIVent; wherein washing the capping reaction mixture
with a basic aqueous solution is conducted at a temperature of 60 to 95° C,; and
wherein the capping reaction mixture and the basic aqueous solution are used in a

weight ratio of 2:1 to 25:1;

washing the first purified solution with ar acidic agueous solution comprising 0.2 to 1
mole per liter acetic acid to yield a second purified solution comprising capped
poly(arylene ether) and solvent; wherein washing the first purified solution with an

acidic aqueous solution is conducted at a temperature of 60 to 95° C;

| Washing the second purified solution with water to vield a third purified solution
comprising capped poly(arylene ether) and solvent; wherein washing the second

- purified solution with water is conducted at a temperature of 60 to 95° C.; and

isolating the capped poly(arylene ether) by devolatilizing extrusion.

30. A (meth)acrylate—capﬁed poly(aryléﬁe ether) prepared by the method of claim 29

and comprising

less than or equal to 2,500 parts per million by weight of{methjacryloyl groups, wherein
the (meth)acryloyl groups are the total (meth)acryloyl groups present as (meth)acrylic
acid or (meth)acryloyl anhydride; and

less than or equal to 1,000 parts per million by weight of 4-(N,N-
dimethylamino)pyridine.

31. The method of claim 29,

wherein the capping reaction mixture consists of the capped poly(arylene ether),

solvent, capping agent, capping catalyst, and capping byproduct; and

wherein the basic aqueous solution consists of water and the 10 to 15 weight percent of

sodium hydroxide.
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