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The present invention .is directed to poly(arylene ether)
copolymers, and in particular to poly(phenylene ether)—poly(organosiloxane)

copolymers and methods for the synthesis thereof.

Poly(arylene) ethers, and in particular poly(2,6-dimethyl-1,4-

5 phenylene) oxide, are engineering thermoplastics characterized by excellent
‘hydrelytic  stability, dimensional stability, and dielectric properties.

Poly(arylene) ethers also possess high glass transition temperatures, on the order

~ of greater than 200 °C, and high melt viscosity. -B‘eca.use of their high melt

viscosity poly(arylene)'etl_ze'rs require high melt processing temperatures, wﬁich

10 can lead to undesirable side-reactions such as degradation. Poly(arylene) ether-s

can also be brittle, and so are often blended with other polymers and copolymers.

Attempts to prepare blends, composites or copolymers of
. poly(arylene) ethers with poly(organosiloxane) polymers presents difficulties

15 based on the extreme incompatibility of the _poly(arylene) ether and
poly(brganosiloxaﬂe). Of these, methods for the preparation of copolymers bf

| poly(arylene) ethers with poly(organosiloxane)s have been extensiw}ely |
investigated. A number of routes rely on activation of either the poly(a[ylene)
ether-or the poly(s:loxane) moiety. For example, hthlat]on of a poly(arylene)
20 ether fo}lowed by rea(;tlon with a chloro-terminated poly(organosiloxane) in

solution leads to graft copolymers, as disclosed in JP 61,252,214 to Matsui et al.

This approach is pmhibiﬁvely expensive for industrial production based on the

‘costs of- hthlum reagents and the extremely pure condltlons required for any
. _solutlon lithiation process. Shea et al., in U.S. Patent No 4,814,392 report
25 copolymer synthesis by reaction of anhydride-activated poly{arylene) ethers with
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POLY( ARYLENG BIEER) FL T RN U5, SRINTTE. 206 & Bl S0 | Y

(3) M-A
5 3,606,137 to Clark et al.

A reactive extrusion process has been used for preparation of
poly(arylene) ether-poly(siloxane) copolymers from €poxy-, carboxy- or amino-
functionalized poly(arylene) ethers with epoxy-, carboxy- or amino-
functionalized poly(siloxane)s, in U.S. Patent No. 5,385,984 to Blohm et al.

10 Preparation of tri-block copolymers of poly(arylene  ether)-
poly(dimethylsiloxane)-poly(arylene ether) is disclosed by R.D. Allen and J .-L.
Hendrick, in Polym. Bull. Vol. 19, pp. 101-110 (1988). The co;noljmers were
prepared based on phenolic hydroxyl-silylamine condensation via reacﬁon of
tertiary amino-stopped polydimethylsiloxane (PDMS) with the phenolic end

15 groups of poly(arylene ether). These polymers are described as useful as

additives for polystyrene-based materials.

Alternatively, U.S. Patent No. 5,204,438 to Snow et al. and U.S.

Patent No. 5,281,686 to Blohm et al. disclose poly(arylene ether)-
poly(organosiloxane) copolymers produced by incorporatioﬁ of a silicon-

20 containing phenol or bisphenol into a poly(arylene ether) chain by oxidative
copolymerization with 2,6-xylenol. Graft co-polymers having up to about 20

mol% of poly(siloxane) may be prepared by this method. U.S. Patent No.
5,357,022 to Banach et al. discloses formation of block copolymers by

| copolymerization of 2,6-xylenol with a phenol-stopped poly(siloxane) macromer.
25 The macromer was prepared by hydrosilylation of an allylphenol derivative (e.g.,
eugepol, 2-methoxy-4-allyl-phenol) with dihydride-stopped polysiloxaneé. |

While suitable for their intended purposes, none of the preceding
processes is cost-effective or suitable for industrial-scale preparation of
poly(arylene ether)-poly(organosiloxane) copolymers. They use expensive

reactants and/or preparation procedures, and the intermediates continue to
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n (57) Abstract: A method conprising (a) synthesis of a poly(arylene ether)
havi ng structure (1), (b) solution functionalization of polynmer (1) to
form functionalized poly(aryl ene ether) having structure (g)gﬁ\ﬁe?@@@ Xis
a reactive functional group selected from the group consisSting o
anhydri.de, hydroxyl, epoxy. carboxyl, -R OH R CQ2R2, -R CH7=CH2, or vinyl,
and 4 is_hydrogen, X, or a mxture thereof; (c) reaction of ‘
functi onaM¥ ‘Hd‘“g%”’l y(arylene ether) (2) with a poly(organosielceXaagldgavi ng
structure (3); wherein x is zero or one and Y is a functional group
reactive with X, selected fromthe group consisting of -OH -CH3--CH2,

epoxy, ani nexhibitedhieanyl instab{B{-da o .0 forma poly(aryl ene

et her) - pol yggi | oxane) cqpol yner. %%’?‘%‘%@6%&%@& there xawensR need
PCT1US00127 $btheanitermetiiads focthe indvstEilly HerR)e iﬂ@ﬁf%ﬁ@'@ﬁbb&gﬁ'\@,&
COPOLYMERS %%Wg%ogiﬁﬁﬁahﬁ@\%m The present invention . ATt ed
to poly(arylene &ther)> copol yiere Yand i n pAFPEcul Evorableol y ppbenyimne
ether) - pol glizmageenissics,audneich condeyized 55 ansintBLingqdf ﬁ?r Lah synt hﬁsc:hs

t her eof . Po‘lg/}j](%gem eBe& et hers rﬁnd in particular g |Fy IPELS hyman 4. 5
phenyl ene) bleRfg é‘ﬁ‘f‘j‘]lﬁ’é\éfﬁ gne)ieahers oF tharmaset barabber forpmifvoiee! | ent
hydr ol yti ¢ #hedivel phcedi j , éﬁ%ﬁb’ i a die]ectric properties.

Pol y(aryl ene)@?t hel% S %ﬁgis[f)ge%i%gglgér (l?n g Eﬁ gg%p%rﬂdgﬁssw o flamsereiaidassy on
the order ¥id/grdawsmakeganentios dwing bugiinge! t vi scosity. Because of their
high nmelt viscosity poly(arylene) ethers require high nelt processing

t enperatures, which 10 can | ead to undesirabl e side-reactions such as
degradati on- Poly(arylene) ethers can also be brittle, and so are often

bl ended with ot her polyners and copol yners. Attenpts to prepare bl ends,
conposi t es JIMMAHBVORTHILINVENIYOM vl ene) ethers with pol y(organosi| oxane)
pol ynmers presents difficulties 15 based on the extrene inconpatibility of
the poly(arylene) ether' and poly(organosiloxane). O these, nethods for
the preparation of copolynmers of poly(arylene) ethers with

pol y(organosi | oxame)sst Ag¥& oP@e Presitt ﬁ%iti}{ﬁ? l¥ore is provided a method for the
synthesis of poly(arylene ether)-poly(siloxane)copolymers, comprising(a)

(2) solution functionalization of a poly(arylene ether) having the structure (1)

— - .
Q, Q4 Q, Q, Q, Q,

wherein each Q, is independently selected from the group consisting of halogen, a primary or
secondary alkyl group having from 1 to about 7 carbon atoms, phenyl, haloalkyl, aminoalkyl,
hydrocarbonoxy, or halohydrocarbonoxy wherein at least two carbon atoms separate the halogen
and oxygen atoms, each Q, is independently selected from the group consisting of hydrogen,
halogen, a primary or secondary alkyl group having from 1 to about 7 carbon atoms, phenyi,
haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least two carbon
atoms separate the halogen and oxygen atoms; Q; is a hydrogen, a hydroxyl, or a combination

thereof, and m is an integer having an average value in the range from about 3 to about 300,



i nvestigated. A nunber of routes rely on activation of either the
poly(arylene) ether-or the poly(siloxane) noiety. For exanple,.lithiation
of a poly(arylene) 20" ether followed by reaction with a chl rgﬂ;?r%?g@ted
pol y(organosil oxane) in solution |leads to graft.copolyners, “as dis sed
in JP 61,252,214 to Matsui et al. This approach is prohibitively expensive
for industrial production based on the costs of-lithiumreagents and the
extremely pure conditions required for any solution lithiation process.
Shea etwalguqoisd U. S. Patent No. 4,8314,392 report 25 coppCymssto/sgos hesis by
reaction of anhydride-activated poly(arylene) ethers with | 6 SEP 2004 WO
01/ 40353 PCT/ US00/ 27906 an amno term nated pol y(organosil oxane) in nelt
and in solution. The resulting copolyners are joined by either am de or
i m de |inkages. Readtifam fgfctiondigedmolfarylenereticndewds felsyfcury(Bne) ether with
an am no-term nated pol y(organosiloxane) is disclosed in U S Patent No.
3,668,273 to Kranz et al. and U S. Patent No. 5 3,696,137 to Cark et al.
A reactive extrusion process has been used for preparation of
pol y(aryl ene) et hex-polky(si|l@xan &g from epoxy-, carboxy- or
she) . werg Wi th epoxy-, carboxy- or am no-
entxhb. , 385,984 to Bl ohm et
Of pon( yl ene et her) -
: is disclosed by RD. Allen and
J. L. Hendrick, tp Pob . @9, pp@; lol-iio (1988). The
copol yners were prepared b Aenol i ¢ hydroxyl -silyl am ne
condensation via reaction of tertiary am no-stopped pol ydi net hyl si | oxane
(PDVB) with the phenolic end 15 groups of poly(arylene ether). These
pol ymers are described as useful as additives for polystyrene-based

mat eri al s ; t]V n ) 204,438 t o, Snow et . d U S
Pat ent NoWhéL;l%g);tr%ﬁl %“df*lé X“élagﬁc%ngra%gﬁeﬁ bﬂ %‘cﬁyo?éenp gﬁ?/r(aef P Wblenﬁtéorbtﬁ?f%&) nd X
pol y( or gaisagtdctyaiectionsd goly seced froodicgoupnpniising opahadridenepoky, @adblyil,con 20
cont al ni NGGHR30eb,8! - RIEARLRNYr vinff QiR NG LRGN af Bk MY or

haloalkyl group having from 1 to 20 carbons, or an aryl group and R” is a primary or secondary

al. 10 PreparaPFon
pol y(di net hyl si | oxg

alkyl group having from [ to 10 carbohs; and
(b) copolymerization by reaction of functionalized poly(arylene ether) (2) with a
poly(organosiloxane) having structure (3):

" [r s
4 N
Y—Ax'—?i—— ?i.—o Sli*—Ax—Y (3}
R R R
i

whrerein each R is indeﬁcﬁ.dénﬂy selected from the group c&nsisting of a primary or secondary

alkyl group having from

one to 12 carbons, a primary or secondary haloalkyl gro-up having from one to

twelve carbons, an aryl group having from 6 to 12 carbons, an aralkyl group

having from 7 to 18 carbons, and mixtures thereof; n is an integer having an

average value from about 3 to about 500 inclusive; A is d substituted or

unsubstituted aromatic group haﬁng from 6 to about 18 carbon atoms, or a’
. primary or secondary divaleflt saturated or unsaturated alkyl group hafri:ng from

1 to about 30 carbon atoms; x IS Zero or one; and Y is a functional gfoup reactive
~with X, selected from the ‘gro_up'consisti_ng of —OH, fCH2=CHz,.epoxy, amino,

carboxy, -C{O)CH,OH, and hydrogen, to form a poly(arylene ether)-poly(siloxane) copolymer,

wherein solution functionalization and copolymerization are a continuous process.
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copolynerization with 2,6-xylenol. Gaft co-polyners having up to about 20
nol % of pol y(sil oxane) may be prepared by this nmethod. U S. Patent No.
5,357,022 to Banach et al. discloses formati on of bl ock copol ynmers by
copol yneri zati on of 2,6-xylenol with a phenol -stopped p°H§($E§D%§ﬂF%
- macronmer. 25 The macronmer was prepared by hydrosilylationto n | phenol
derivative.(e.g., eugenol, 2-netho)y-4-allyl-phenol) with
di hydri de- st opped pol ysil oxanes. Wile suitable for-their intended
pur posesWhHE3Bf the preceding processes is cost-effectibeTmsemmssabl e for
i ndustrial -scal e preparation of poly(arylene ether)-poly(organosil oxane)
copol yners. They use expensive reactants and/or preparation procedures,

and the i nt er medh atbmEitninhpevilOnh islaihlo2R0sto MR %%]ﬁﬁ%féeﬁ 71 USCO/ 27906
exhi bit thqﬁqgh)gngtab'litgfdurin%_pnocessing. Accordi ngly, fhere remains a
need in the AT THFOPRER o Jhorrs thetipetipralizationiray|by - i selulidsl, endnmpelfmet ur e of
pol y(aryl esyethesit dudlisptapal ifyoegARAE] byoRaNBhESPRIMIASHS: &gxﬂa&%mx&f abl e
processing characteristics, and which can be used as engi neéring

t her mopl astics, or which can be blended with poly(arylene) ethers or

t hernoset or rubber_formulations to inprove processing and ot her desirable

properties such a$ FrbsrembodimengBAL ompiisei? Bely(Rolens pbrDefe(saeans) sppamerng
bur ni ng. sy VAR ofFa i - ASPBCtH of 4t e
invention, there is fﬂ}yg(\)/rllag%% mgiy%i{lidgc? eo)rvyht% elem%%:%’esnfi s)ag?)p%oq%%[(ﬁtgcrl yl ene
et her) - g8 Yithepvaikdicsuhstiulipmpositiopsmshe yyigyeupy af generiollindionted by

functi ongldwid)on of a poly(arylene ether) having the structure (1) OH (1)
wherei n each Ej is independently selected fromthe group consisting of

hal ogen, .a primary or secondary al kyl group having from| to about 7
carbon atons, phenyl, halodlkyl, anjnoalkyl, hydrocarbonoxy, or

hal ohydr ocar bonoxy $her ei n Jat @,east] t wo Farbon atons separate the hal ogen

and oxygen ato rMaasho? |/ wtlFn_sgl ected fromthe group
ap-../ 4 €]

consi sting of hydrogéh—ohghogen: #K{mary or seggpdary al kyl group having
froml to abou@f%iﬁav 6n at |3>Q§e ;ﬁL;Eakgalkyﬁ,rarninoalkyl,

hydr ocar bonoxy, or halohydroca&boﬁ y wherein at | east two carbon

L - m

wherein Q,, Q;, Q,4, X, and m are as defined above.

Another embodiment may comprise a poly(arylene ether)-poly(siloxane)
copolymer synthesized from a functionalized poly(arylene ether) (2) wherein Q,, Q,, and m may
be as defined above, and X may be a reactive functional group selected from the group consisting
of R'OH, R'CO,R?, -R'CH,=CH,, or vinyl, wherein R" may be a primary or secondary divalent
alky! or haloalkyl group having from 1 to 20 carbons, an aryl group and R> may be a primary or
secondary alkyl group having from 1 to 10 carbons; and a poly(organositoxane) having the
structure (2} wherein each of R, A, and x may be as defined above, and Y may be -OH or-
C(O)CH;OH when X is-R'OH or R'CO,R?; Y may be vinyl or allyl when X is viny] or allyl; or Y
may be H and x may be o when X is -R'CH,=CH, or vinyl. When Y is -OH or-C(O)CH,0H and
X is -R'OH or R'COsz, reaction may be conducted in the presence of a co-reactant seiected
from the group consisting of a dianhydride, diepoxide or dialkylcarbonate. When Y is vinyl or
allyl and X is vinyl or allyl, reaction may be initiated using heat or a free radical initiator. When

Y is Hand X is allyl or vinyl, copolymerization may be conducted in the presence of a catalyst

such as platinum.

In a second aspect of the present invention, there is provided a poly{arylene
ether)-poly(siloxane) copolymer which is the reaction product of a functionalized poly(arylene

ether) having the structure (2)
5



atons separate the hal ogen and oxygen atons; B is a hydrogen, a hydroxyl,
or a conbination thereof, and mis an integer having an aﬁer‘qu gﬁfwe I n
the range fromabout 3 to about 300, 3 0 S E P 2004 WO 01/ $H3

PCTI USCO 27906 to form functionalized pol y(aryl ene ether) having the
structure (2) (2) wherein QL, Q, and mare as defined above, 4 is a

hydr ogen, X, or a conbination thereof, and X is a reactive functional
group selected fromthe group consisting of anhydride, epoxy, carboxyl,

-R OH, R C02R2, -R CH2=CH2, _or vinyl, wherein R is a primary or secondary
di val ent “al kyl orq,hal egl ky roup,hqvigg frgm1l to 20 carbons, or an aryl
group and R2 is a Rri e nda y walkyl group having froml to 10
carbons; and (b). N of functionalized

pol y(_aryl ene ehe ane@2 having structure (3)
F? 4R R V F Si
sel ected from t heqgr oup, conish 'Qstl ng1 y or secondary al kyl group
having fromone to 12 carbons? a prifimry or secondary hal oal kyl group
havi ng fromone to twelve carbons,, an aryl group having from6 to ].2

b , | kyl hayi 8 b
Shercor: vitbeEh AN o253 enditet Tl d bR B EBHREAR s o B bYEES e 00
ncl st Ve prlinay B Sbhibl! SlyPGroUff RHURY! hoiefL 11T -clitRPalibnd from-

6 to about car bon ‘at orYa ‘primary or secondary ‘dival ent . saturated
or- unsat phenpldhaﬂola;klyl gndagalkgdyydrotadmnoky t anddival aby ddcaduonony athearsin X i S
zero or one; and I.s a functional &}éup reactlve wWth X sel ect ed. from

the. grog@pt e@éhﬁ‘?’%?ﬁﬁ{?‘b@ ong-penatate-tiphalogeh,and amaes, alop. kaeh, Q. |

covsl yeaderBAe DAY HGBRR e elich 5 RANAELY SRR BB RS 'a"

contl NUOHSHPT S 858ut 74carbon atoms, phenyl haloa!kyl aminoalkyl, hydrocarbonoxy,

or halohydrocarbonoxy wherein at least two carbon atoms separate the halogen

and oxygen atoms; m is.an 'integerﬁt_laving an average value in the range from

‘about 3 to about 300; Q, is a hydr_ogér}, X, or a combination thereof; and X is a
+ reaclive functional _groop selected from the group cdnoisting of —R'OH,
R‘C'OZRZ, -R'CH,=CH,, and vinyl, wherein R* is a primary or secondary divalem.‘_[
- alkyl or haioalkyl group having from 1'to 20 carbons, or an aryl group and R?is a

prim_ary or secondary alkyl group having from 1'to 10 carbons -

with a poly(organosiloxane) having structure (3):

where:n eachRis mdependently selected from the group consustxng ofa pnmary '
or secondary alkyl group havmg from one to12 carbons, a primary or secondary-
haloalkyl group having from one to twelve carbons, an aryl group having from 6
fo 12 carbon,s, an aralkyl group having from 7 to 18 carbohs, and mixtures -
‘thereof, n is an integer having an averége_ value from about 3 to about 500. o

' ino!usi\fe; A is a substituted or un_sobstituted aromat_io group having from 6 to

ha



6 SEP 2004 WD 01140353 PCT/ US00/ 27906 An enbodi nent may provi de t he

i solation of the product poly(arylene ether)- poly(sitoxane) BOl yner,
wherein the functionalization may be in solution, and copoﬁy%ﬁ g@ﬁ4he5| S
and isolation nmay be effected by first solution and then " nel t

copol ymeri zation A further enbodi ment may conprise a poly(aryl ene

et her) - pol y(sil oxane) copol ynmer synthesized froma functionalized

pol y(aryl ene ether) wherein Q, @, 4, and X nmay be oriented in any of the
avai | abl e substitution positions on the aryl groups as generically
i.ndicated by structure (4) : A @-,F=1"Q Q@ ~I~-Q@ X Q@ mwherein Q,
@2, i d S n Corrprlse
a pol y(ai%ﬁll)éelggglﬁéét?fﬁpggﬁ;/{'gl ?gxﬁﬁgﬁﬁa%%r séﬁt@?ﬁ?%gﬁv@?@egﬁ F},fg

L u][lctlgna;)n@édfq@ediﬂladwwwmumﬁo@) tmkmf cmtmoqlﬂarb@ﬁ atemél m:@&gr? Be ash, -
efi ned above uncti ona gro sel ecte romthe :
gr oup con%rfeste}"ﬁigQ Togé—reﬁglféégﬁ ‘”‘& ['1 rﬁpﬂ RWdseinyl Br may be
a pfq erl@fwﬁ%ﬁ% My]dé,vg‘h@ al’kyl or haI oal kyI group having froml to
20 carbons,- an aryl group and R2 may be a pri mary or secondary al kyl group
havi ng froml to 10 carbons; and a pol y(organosil oxane) having the
structure (2) wherein each of R, A and x nay be as defined above, and Y
may be -OH or- C(O CH2OH when X is-R OH or R CO2R2; Y may be vinyl or allyl
when X is vinyl or allyl; or Y may be Hand x may be o when X is

-R CH2=CH2 or vinyl. Wen Y is -OHor-C(OCH2CH and X is -R OH or R CO2R2,
reaction may be conducted in the presence of a co-reactant selected from
the group consisting of a dianhydride, diepoxide or dialkylcarbonate. Wen
Yis vinyl or ally! and Xis vinyl or allyl, reaction may be initiated
using heat or a free radical initiator. Wen Y is Hand X is allyl or
vinyl, copol ynerization may be conducted in the presence of a catalyst

such as platinum

5b



In a second aspect of the present invention, there is provﬁd@éiﬁ 2UU%
poly(aryl ene ether)-poly(siloxane) copolyner which is the reaction product
of a functionalized poly(arylene ether) having the structure (2) X 5
6SEP2. 004 (2) wherein-each Q is independently selected fromthe group
consi sting of halogen. a primary or'secondary al kyl group having from1 to
about 7,carbon atons, phenyl, hal oal kyi, am noal kyl, hydrocarbonoxy, and
hal ohydr ocai bonoxy wherein at |east two carbon atons separate the hal ogen
and oxygen atons; each Q is independently hydrogen, hal ogen, : a prinmary
or secondary al kyl group having from1l to about 7 carbon atons, phenyl,
hal oal kyl , am noal kyl ; hydrocar bonoxy, or hal ohydrocarbonoxy wherein at

| east two car bon alromthird espestaf tie preecnhmvagien, thand povidgen netledEer e i S.  an

i nt eger. ' piﬁy I | e ran :from.about 3 to about 300;

. nﬂ%ﬂ&e@ , (%&%ggetf{e@ Hﬁgllgxa%g (;ig')grﬁgg?r,s, Cglﬁl[‘l%l(l% s a

. is a hydrogen, conbi natron ‘t reactive

functional group sebffiordd e : WL f OH, R CO2R2,
-R CH2=CH2, . ~and vinyl, V\heﬁrﬂnr}ég'fat?{srpgp%rp ?ﬁgé odrégtgéﬁg)nﬁé{f'%(ﬁt\l/%?%tnt :

al kyl or twefungdtionil groupp skiedted)fromdive roup cofistiag bbashydrideahyaiaiyl 9r oup
and R2 is_a pripnar cgpdary, al-kyl group having from1l-to 10 carbons -
with a p%?%ﬁ@é%-ﬁﬁ'&ﬂi)ﬁﬁg@'%g -@t&dﬁ%ﬁ'ﬂs afig) anghvimyl whemin R'ipai -O R- R~
. RJIn (3)piberebhs&asiuaiy Uil %mﬁn' f.rom t he grou nsi sting
of a -pri?rar %h%g? secon grﬁr?l%ﬁky 'g?@%@h@@bﬁ%}ﬁ%‘éﬁ‘%?@’?g“?é‘gogsﬁﬁons-, -a .
pri mary earbe@esdanryligbaplaid RUQuprihavy 00 sécsnaaep allyl ghd@b naving bons, - an
aryl group having from6 -to. 12 carbons, an aral kyl group having from7
to 18 calreent fo ahaukikcaress, with a poly(siloxane) having at least two functional '
- groups selected from the group i:oris_istirig of —~OH, —CH,=CH,, epoxy, amino,
carboxy, ~G(O)CH,OH, vinyl, allyi, and hydrogen, wherein the poly(sitoxane)
functional groups are reactive with ti_ié functional groups of the poly(arylene

ether); and

melt copoiymerization _of the poly(arylené' ether and the
poly(siloxane.
In a fourth aspect of the present invention, there is provided a method for
synthesis of poly(arylene ether)-poly(solixane) copolymers, comprising
(a) solution functionalization of a poly(arylene ether) having the

structure (9)

={= 1V == Q-
Q- /™ _/\/Qi <—‘/ 1 Oz\/_ NAQe L
¢ 2—0—{4 ,}—0--7—(\ 2. (5
Qz/\\.._J}Q{ \ IE\Q ; ' QZ/L—??Qt U
Q ‘
| _ “m

wherein each Q;is iﬁdependenily selected from the group consisting of h'alogen, _
a _priméry or secondary alkyl group having from 1 to about 7 carbon atoms,.
~ phenyl, haloalkyl, amirioatkyl, hydrocarhonoxy, and'halohydrocarbpﬁéxy wherein
” at !eést two carbon at;)'ms ;épéi}ate the halogén and o@gen atoms, éach Qz i§
independently selected from the group consisting of hyd'rogéh, halogen, a -
| primary or secondary: alkyl group having from 1 to about 7 éartr_bn atoms, phenyl;
5c



-thereof; n is an integer having an average value from about 3 to about 500
inclusive; Ais a substituted or unsubstituted aromatic ggogge‘bm? from6
to 5at 6 SEP 2004 about 18 carbon - atons, or a prinmary y

di val ent saturated -or unsaturated al kyl group having from1l -to about 30
carbon atonms; x is zero or one; and Y. is -OH or--C(O CHZOH, when X is
-ROHor RC2R2; Yis vinyl or t 5 allyl when Xis vinyl or allyl. 5b 6
6EF ZUUM In a third aspect of the present invention, there is provided a
met hod for the manufacture of poly(aryl ene ether-poly(siloxane)

copol y mepgjoalgidmiioatkyl, diduidaeboran by Maldhydiocibeioxy WRkiiakYleng et her)
having at least two functional groups selected fromthe group consisting

_of anhydhvel samwuat@m sepaspiedpe halagasand oxmqmatoms:@m a hydrogeR -2,

allyl, apd,vi oy rj n d| val ent al kyl or-
nal oai kybvgPsth andmsTriaation itepl Bl iscln 18688 Brviny' 4 eipdto and.
,R2 s agfuklih &fe/ra@fgesﬁﬁﬁadanwﬁiawdutwoouﬁ)f@awmactﬁrfma ala,ﬁréﬁe 10
car bons, with a pol y(siloxane) having at |east two functlonal groups
sel ect edeiiheohha\negg ogpueie {4t i ng of -0H, - CH2=CH2, epoxy, ami no,
carboxy, -G O CHZOH, vinyl, allyl, and hydrogen,. wherein the S
pol y(sil oxane) functional groups are reactive vmth the functional groups of -
t he pol y(aryl ene iger) and grel t opolynerization . .of the poly(arylene '

ether and the po‘!I oxapn Jf\/(_ﬁ h%u/is a@oect of the present invention,

.there is prowode'pf ’rbq ol yg ryl ene ether)
"- pol y(sooxaney, e@yﬁ%r S,
pol y(aryl ene ethe avl ng} t Ja" € r

3% Iutlo functionalization of a
ure (: T wherei-n each Q-is

I ndependently sel ected from tBe gr

secondary al kyl group having from

up. consisting of hal ogen, a prlnary or
to about- 7 carbon atons, - -phenyl,

hal oal kyl , ami noal kyl ; hydrocarbonoxy, and hal ohydrocarbonoxy wherein at

| east twm@aalxbcm a(ﬂgnsnoepaamt as tdedfirteal abeve,afl] exgdeydrayenp X.eacka Q i s

combmatlon thereof, and X is a reactive functional group selected from the _

" group consisting of anhydnde,‘hydroxyl_, epoxy, carboxyl-, —R'OH, R'CO,R?, -
R'CH,=CH,, and viny], wherein R' is a primary. or secondary-divalent alkyl or
haloalkyl group having from-1 to 20 carbons, or an aryl group and R’isa primary - -

- or secondary alkyl group having from .1 to 10 carbons; and

(b) copolymerization by reaction- of funcilonahzed poiy(arylene :

ether) (2) wuth a poly(organosiloxane) having structure (3):

Tor -
YATOTITO T ACY @)
"R ‘I R R.

n N

‘wherein each Ri is mdependently selected from lhe group consastlng ofa pnmary

or secondary alkyl group having from one to 12 carbons .a primary or secondary . |
haloalkyl group havmg from one to twelve carbons an ary1 group havmg from 6

to 12 carbons, an aralkyl group havmg from 7 to 18 carbons and mlxtures '
thereof nis an |nteger hawng an average value from about 3 to about 500

lnclus:ve Ais a substztuted or unsubstltuled aromatlc group having from 6 to .'

5d



i ndependently selected fromthe. group consisting of hydr ogen hal ogen, a
.primary or secondary al kyl group having from 1 to about t%]m_atom;
phenyl, 5c 6 SEP 2004 hal oal kyl, am noal kyl, hydrocarb oxy-

hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen
and oxygen atons, B is'a hydrogen, a hydroxyl, and a conbination thereof,
and mis an integer having an average value in the range fromabout 3 to
about 300, to formfunctionalized poly(arylene ether) having the structure
(4) 4 @~ at @ _JIJm wherein Q, O and mare as defined above, 4 is
a. hydrogen, X, or a conbination thereof, and X is a reactive functional

group selected fromthe roup consi sting of anhydrlde hydr oxyl. epoxy,
car boxyl , %Oﬂfd—é r?&ﬁl%o'% ‘%—Ema%ﬁg $esandaryiyalent ratirated poi mary. |
or Secon%gmtﬁlmé%iﬁﬂ&@b&ﬁ'hﬁ@%ﬂ%‘%'aw&% B2%] lgi”om 140 20 carbons,

or ‘an aryl group and i'5-a primary  or secondary cal RyMHrofFH9eng from
1 t;) 10 loaebéansi Ir’alsda (fb)]ckncmanglr:nﬁpl )nﬁ(ag;a@ Wﬁr)éa@éllle@t(ﬁzd- fbom thfla group ) h

uncti ona |ze 0 e et her Wi a pol y(organosi | oxane) havi ng
structur€ t"['j &T{Rya 18Hz . ERP@OR gryno.\Hasheny I'%)QH@H nadegdendent | y
sel ect edhj,(g,g_@ehhe group consisting of a primary or secondary -al kyl group
having fromodne to -12 carbons,. a primary or secondary hal oal kyl group
having from One to twel ve car bons an aryl group having from 6 '

to form a poly(arylene ether)—poly(saloxane) copolymer, wherem

solutlon functionalization and copoiymenzatlon are a continuous’ process..
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to 12 carbons, an aral kyl group having from?7 to 18 carbggggéﬁ[gb@ xtures
thereof; - nis an integer having an average -value '.fr to about -

500 inclusive; Ais a substituted or unsubstituted aromatic group, having
from6 to. 6d 6 S E P 2004 about 18 carbon atons, or a primary or secondary
di val ent. saturated or unsaturated al kyl group haV| ng from1l to about 30 .
car bon WO®M935X is zero or, one; and Y is a functional @F@G—ﬁ“?’é’@&il ve with
X. selected fromthe 'group consisting of -COH, -CH2=CH2, epoxy, am no, -
carboxy, -C(O CH2OH, and hydrogen, to forma poly(arylene.

ether) - pol y(si | oxanEhe polghiyiete ethiee)- pb]y(mlmdambb Qﬂgﬁlgﬁﬁéﬂs%@ﬁs%ﬁil'é%“ and
copol yneri zat.ion are iisycontl nuQus process 04 WO 0X/ 40353

PCTI USOQ Bebtins matepidls, asag eating agenis. gaﬁ}legs $‘éﬁba@ﬁa§um©@§ﬂ$¢ﬁeqsam,e usef ul
as ol di Ho- 100! BF ggglgﬁngfyﬂdgee&r f §ALL R wﬁatécé paébh tgbatﬁ@gr%@g) o4t

silica, quartz, _ |2| agents
corrpat i bldurf@cebalﬁ/\ﬂmﬁllbe apd| pratrisur Facea:auiplehéurhleﬂl aﬂlcartﬁlemﬂrthh For

copor ymerSliayERe, SheriPayEriatepe), CopRviteln ark curemeny areruloimeimeal | y
friendy hbhffacht® of BRvibShmEAtally FHEnERRES, 20k ?:telry(gﬁﬁheﬁéﬁm%?j)@éﬁﬁaw I's

conpatibl.e with the styrene-butadiene rubber po whi | e
t he pol y(afithegepelymesis ¢ampatible vdth thessysemerb lﬁadlémexmlb}oehpgmmi ofthiety to

the fill r S e al so

usef ul agﬁffowggﬁm éggt%ﬁnx ?&&t%ﬁ)gr mpfggéff(!’@ﬁgeﬁ%ﬂs e&;@mﬁ @Wnté’ For
exanpl e, theifiiker. The pylybinsterecethes)t pely]siloxayie) gopulyinedy ane aloRWefilRisS i N
partlcul ave use as nodi fiers or flane ret ardants for .

helhopi 2adtaves i U eRPORISBE P BFHERFR THESPFERERRED PR BCIFNENTS A

met hod f | ymer s ..,-':A
-conpri se?obz(g}g ?gﬁhé eﬂ{erpgbg;@%xlkﬁngxgx? &5 0!?12{\% “ﬁgdg i ea%ﬁh%%e&%% %II onal =
group s elimpaetinfadifienstos ; pEterdantsfdiIri@leDm(@HﬂgtdIbldads hydr oxyl ,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A method for synthesis of poly{arylene ether)-poly(siloxane)

15 copolymers comprises reaction of a poly(arylene etherj having at least one
functional group selected from the group consisting of anhydride, hydroxyl,

epoxy, carboxyl, —-R'OH, RiCO;Rz, -R'CH,=CH., allyl, or vinyl, wherein R! is a
primary or secondary divalent alkyl or haloatkyl group having from 1 to about 20
carbons, or an aryl group and R? is a primary or secondary alkyl group having

20 | from 1 to about 10 carbons, with a po_ly(siloxanej have at least two functional
groups reactive with the functional groups of the poly(arylene ether), the reactive
groups of the poly(silloxane.being selected from the group consisting of -OH, -
CH.=CH., epoxy, amino, carboxy, —C(O)CH20H, and hydrogen. Preferably, the

~method comprisesr |

25 | (1)  solution synthesis of a poly(arylene ether) having structure
(1): ‘



epoxy, carboxyl, -R OH Rl1C02R2, --R CH2=CHz2, allyl, or vi nyl, wherein R
is a prinmary or secondary divalent alkyl or haloalkyl Sgipa%@@% froml
to about 20 carbons, or an aryl group and R2 is a pri rra y dary

al kyl group having 20 fromi to about lo car bons, with a pol y(sil oxane)
have at. | east two functional groups reactive Wi th the functional groups of
the poly(arylene ether), the reactive groups of the poly(siloxane being
sel ected M’%P{V‘E‘H@ group consisting of -OH - CH2=CH2, epoXyeCEUSMI906
_Carboxy, -C(O CH2OH, and hydrogen. Preferably;  the method conprises 25,
(1) solution synthesis of a poly(arylene ether) having structure (1): 6 6
.S EP 2004 WO 01140353 PCT/ USO/ 27906 () solution functionalization of

pol y(aryl ene et her) “i d
the structure (2);
(2) with a poly@ .
-i-1--0 -SIi-Ax -Y ¥ toffo poly(ar(ﬂl)ene

et her) - pol y(si | oxane . anhd (f/) golation of the product

pol y(aryl ene et her) Yol yHs ne) Qtoolfl,zmsr Qi n a continuous process. In
a par ticularly preferred enbodi nent, Functionalization, copol yner
synthesis, and isolation (steps 2,. 3, and 4) are a -continuous process

ffected b | ut Piinc tsiobutidn fuakc t d
ef fected by sol ution (2dinc i foaictionalizolont dfPdlE@r Bﬁ{e%ﬁ?&‘%ﬁ@tﬂ]@%@an

devol atilizatiQ n rization andlsoa st.ep,
.synt hesi s éf’ B???elxéﬁﬁglpé’:]\‘gagﬁﬁ%é)?@e( ang Hasptraeture fedy phenyl ene ethers or

polyphenylene oxi des), is known, belng descrlbed for

R1R3R5|Y-AX’?

—
Q, Q, Q, Q, Q, Q,
Qy O 10) X (2)
Q Q Q 9 | a q
[ _im

(3) reaction of functionalized poly(arylene ether) (2) mth a
poly(organosnloxane) having structure (3):

?1 ?3' .'Fs
Y—A,—?ifo Sli—-o ?i—"AK—Y (3)
Ra Ry Re

n
to form a poly(arylene ether)-poly(siloxane) copolymer; and

(4)  solation of the product poly(arylene ether) pbly(siloxan’e)

copolymer, in a continuous process. In a particularly preferred embodlment

. functionalization, copolymer synthesis, and isolation (steps 2, 3, and 4) are a
-continuous process effected by solution functlonailzatlon solution co-

. polymerization, and devolatilization extrusion co-polymerization and Isolatmn

. The first step, synthesis of poly(arylene ether)s (also known as
,polyphenylene éthers or polyphenylene axides), is known, being descnbed for
example in U.S. Patent Nos. 3,306,874 and 3,306,875, and 3,733,299, which are

incorporated herein by reference. Preferred poly(arylene ethers) have the



exanple in U -S. Patent Nos_ 3,306,874 and 3, 306, 875, QS@@@Q whi ch
are incorporated herein by reference. Preferred pol y(a yS rs) have
the 7 6 SEP 2004 WD 01/ 40353 PCT/ US00/ 27906 general structure (i) wherein
each Q is independently halogen, a primary or secondary al kyl group.
having from1 to about 7 carbon atons, phenyl, hal oal kyl am noal kyl , -
hydr ocaY@8H#2393 or hal ohydr ocar bonoxy wherein at |east t%r@a?%ﬁ at onms
separate the hal ogen and oxygen atons; each @ is independently 5 hydrogen,
hal ogen, a primary or secondary |ower alkyl group having fromi to about 7

carbon at ralmtamthre fB) wldrein eaﬂn@@@idddpenﬂﬁﬂﬂ?%ldgém nﬁ{ary or

. hal ohydrocar Nnox kJﬁ/nerel at | east t car bo%atom; seg e the hal ogen
and oxyg?;@ﬁc‘‘E!l&%ﬁ’(b*?f SHORR §W§Efmﬁ’é(j@ ARLT PR 349®Sap emdxh@loalkyl he range

from ab ut are

not limte H{[‘}l Cf?ﬁ&mﬁxy : l% éPJop on%k% ﬁﬁﬂ%ﬁeas{lﬁ!’djg}ggﬂgl

2- et hyl tatoms separeteythe hakogeai aﬂdhcyxygenyatom ez&-h, Qarlsélinﬂa&;jm&eaﬁyyl and

the corr nd| n L | sopi but and 3-pe | .

Pr efer abﬁ}?%o g"ag %‘h&ﬁ?}“ Bf(?f Seeogcd EFY%‘?H%Y‘ ﬁﬁlha"t‘%g g‘ﬁ’d{!tl té car bon .

at ons, orabRieny | carbbs tatpie] ep*h@hw h&doallsl, n@irﬁn‘iéalﬁﬂd }%robiﬂ?)‘fﬁx? @ 15 B

I n structure (1) S preferably hydrogen a hydroxyl’, or.a mXture
t her eof . halohydroearbonawwhesein aideastdwosathomatpmssepardta thﬂnbala;gen and

poly( phe'MgﬁE&ﬁ afds! drtd BRY Mrﬁtggexgﬁ%ﬁ@g' rmno‘f& '(rzﬂuf:)% tﬁgﬁﬁﬂg ' COWDH se

a mxturé npounds, 1 nc F OXy
t er m nat eadbonbj;)mabeut mOEﬂemglayy l(aﬂénﬂ’]k)ﬂgroapimﬂlu@lbutlﬁ@n@t lﬁlﬂitﬁdar yl ene

th wh t h o] ted
Anyith 1t e el et len FRYh Rt iurY ORI IR PY D e, 88
generi caldipetidbagiesl, By, orsé-ﬁﬁ@hyfpﬁn(ﬁ)ancpﬁle%rféspgnd% Reptyl Broups;
isopropyl, sec-butyl, and 3-pentyl. Preferably, Q. is a primary alkyl radical having

«..
B
T ]
N

from 1 to about 4 carbon atoms, or phenyl. Most preferably, Q, is methyl and Q.
is hydrogen.

15 Q; in structure (1) is preferably a hydrogen, a hydroxyl, or a
mixture thereof. As is well known by those of ordinary skill in the art,
poly(phenylene ether)s having the general structure (1) generally comprise a
mixtures of compounds, including both monohydroxyl and dihydroxyl-
terminated polymers. Accordingly, a further embodiment uses a poly(arylene

20 ether) wherein Q, Q., Qs, and the hydroxyl groups may be oriented in any of the
available substitution positions on the aryl gfoups as generically indicated by

structure (5):

Q/=|.=\Q "01QF|"—'\Q
=~ <|7>_0 el

L dm
wherein Q,, Qz, Q3, and m are as defined above.

25 . The ratio of monohydroxyl and dihydroxyl terminated polymers
in structures (4) and (5) may be adjusted by variation in the reaction conditions

8



wherein Q, @, B, and mare as defined above. (5) 25 The rat ﬁ
nonohydr oxyl and di hydroxyl term nated polyners in struc u P(Zﬁ }énd (5)
may be'adjusted by variation in the reaction conditions 8 6 SEP 200 WD

01/ 40353 WEh1 ARGy 27906 by known nethods, for exanple adj f the
Telative quantity of catalyst present during formation, :ﬁ%ﬁﬁ&@/ ,6
wherei n higher quantities of TVMDQ result in h| gher relative quantities of

ronahyar ox D RR HERAR, $FE G IR adiiinent of the Seinsivesqeaniymnt catslyst maybe
anywhere l@r%tﬂamgfaﬁnﬂiﬁpbglmmymﬁ%b{f]}ﬁg,éﬁh@{]ﬁé W%Bﬁgelrggge

of about 1: 93 t]_‘o about 50:50, rore prefera
to about 2R hig eéﬁélﬁt%ﬂéaph’@ﬁefpfabhydmyl tm'mmat;d ﬁdm@Me pafitulf about

"10: 90. Pre I e from 15 to about 200

10 or ém i sfngéggf r¥1ﬂgtr8 f]tg &E&?gﬁy gWén%F Y@@F%F%at}}b’érﬁé}’ﬂeteéﬁﬂh

aver age nopebuhers ah aierintthe rasgrosf £

et o sl v, o gt 2, 500 DRy éédﬁ"g@é%@ tgi“%@%%éw

mol ecul ar PTEpHdera e rpngé of aliduyt from
about 6, 00@:ggGoabRuUt 269 O%n%or%e% ﬂc}mér at |rgngéchr rral%tography
(GPC). Since many 15 po y(siloxa 'gbgﬁ e a%%ehig ‘Hg

t enper at ur&&98 poly(arylene ether)s (about 300 C or greater), preferred
poly(aryl ene ether)s have a | ower nol ecul ar weight and thus | ower glass

transition tenperatu 0 to gllow as | ow processing
“tenperatures as poss?ﬁe&kﬁééggg gﬁ'ﬁéP(S&P %‘Eﬁf%ﬁo C@tlérﬁﬁabﬁgt200
pr ef ¥ abl yobal iswsutio that2he p?:)ly(azﬂeﬁete”m&qmy@ﬂh handa
g
o gy T o i 8 ST Nt
T’ conbi nat on h“%ﬁ‘g“*‘s iSRS Y el ol Bl BBl ol
in combi nation w rinet en
copol yner Fagge P@éboﬂfré)ﬂﬂeoﬁmrljwepnzfaratﬂylﬁ@m ﬁb@ut 6,000 to about 60,000 as

' determined by gel permeation chromatography (GPC). Since many

15 po]y(s:]oxane)s degrade at the normal processing temperatures of poly(arylene
ether)s (about 300 °C or greater), preferred poly(ary]ene ether)s have a lower
mo]ecular welght and thus lower glass transition temperatures (less than about

200 °C) to allow as low processing temperatures as possible (preferably below

about 300 °C, and most preferably below about 250 °C).

20 Both homopolymer and copolymer poly(arylene ether)s are

.included. The preferred homopolymers are those contalmng, for example, 2,6-

o dlmethylphenylene ether units. Suitable copolymers include random copolymers

containing, for exarnple such units in combination with 2,3,6-trimethyl-1,4-

phenylene ether units or copolymers denved from copolymerization of 2,6-

25 dimethylphenol with 2,3,6-trimethylphenol. Also included are poly(arylene

' ether)s containing moieties prepared by grafting vinyl monomers or polymers

such as polystyrenes, as well as coupled poly(ary]ene ether)s in which coupling

‘ agents such as low molecular weight polycarbonates qumones heterocycles and

| formals undergo known reactions with the hydroxy groups of two poly{arylene

30 ether) chains to produce a higher molecular weight polymer. Useful poly(arylene
ether)s further include combinations of any of the above.

9



25 di met hyl phenol with 2,3, 6-trinethyl phenol. Al so included are

poly(arylene ether)s contalnlng noi eti es prepared by g{ﬁﬁi ﬁb ﬂﬁyl )
nononers or polynmers such as polystyrenes, as well as coupled poly(aryl ene
ether)s in which coupling agents such as |ow nol ecul ar weight .

pol ycar bonat es, qui nones, heterocycles and formals under okeactions
With th@“ﬁ?&W@%y groups of two poly(aryl ene 30 ether) chg%ﬁ@ﬁ%@ﬁhoduce a

hi gher nol ecul ar wei ght pol ynmer. Useful poly(arylene ether)s further

i ncl ude conbi nations of any of the above. 9 0 SEP 2004 WO 01/40353

PCT/ USOQ 27905 V Po |Pp43e(aml@eeetbeﬁeay$typroaﬂyppepaaed by prciaiveconplingoflat i ve

| t d t
Parti cul adt lradtendiotepS R SRR ARG K OpiN B, TACt ALY BSHHE unds
are 2, 6- xyhdnedilyvailghle m@ﬁﬁiyd%msomﬁ@ydmpadnm@ LB-xyterdY GVRERM -

whereupon thed)'ol ynmer. may characterized

pol y( 2, 6- éaeldtCQyis mehhbérﬁmeé#é *%) rﬁeh)’drqgﬁa),z\@;eaaunqn Hee pplymenanay wher ei n

each Q= a S h en ety of
cat alyet - Saifatid SRt PV AR AR SR pHoR che AR apds KAES Volar
conpound srintetlid phepgplefwherei aads €), camdcmmez isanpthybdind tlsuether Qp is

conbi nat i rials. . Preferred catal ysts s ens 10

conprisin 5?’@%3? vg(ry h%gtsmgicgfagy %ﬂsysetgﬁnﬁraaﬁ L‘“BW“C%&ﬂqrﬁﬁf EPRtaining; zéqsg) ns, and

at | east PESPBHAAIsAeH astopper, ah 306, 875,
3, 914, 266, ﬂgngﬁg&gxgéta 341, Bv\,hl cS aré1 [ r?ggr porat%%ﬁeg?q?‘e?%agﬁgeﬁééﬁléfln

Manganese uemibnnrmmtanéu@emtmrar;ﬂm Stler materialg. i Preteryed catalyists syistarhs

ananl 15 RFRNTE e b Sl e S5 PR Eon i W btk b B "

al dehydesleagt diedaniiyey are algzeribed , inaliS. g @atanth)Nds 0xy306,899,3,806)874! Y| ene )
ether)s (1) (or_ (5) are then functjonalized, preferably in soI ution, to - "
for m f uncBiHARG6: e d??gr%ﬂlerfgh’éhhéﬁ énwpoes@te(i4§>y redeprnce; hersin. wher ei n

?allgr\i% tive 20
functlona @ﬁﬁ?‘%‘ﬁ é‘?tl%%&#e%%%eth gF gﬁhg!(g%??s gtewr{gﬁg gjrl?'%l%ﬁf '

* hydroxyl , manganese is present as complexes with one or more complemng and/or
15 chelating agents such as dialkylamines, O—hydroxyaromatlc aldehydes, o-

hydroxyazo compounds, and gamma-hydroxyimines.

Poly(arylene ether)s (1) (or (5) are then functionalized, preferably
in solution, to form functionalized poly(arylene ether)s (2) or (4), respectively,
wherein Q,, Q2, Q,, and m are as defined above. X is one of a number of reactive

20 functional groups, selected from the group consisting of anhydride, hydroxyl,
. epoxy, carboxyl, ~R!OH, R1CO.R?, -RICH.=CH,, allyl, or vinyl, wherein R:is a
primary or secondary divalent alkyl or haloalkyl group having from 1 to about 20

carbons, or an aryl group and R? is a substituted or unsubstituted primary or
secondary alkyl group having from 1 to about 10 carbons. Again, preferred

25 functionalized poly(arylene ether)s (2) have a lower glass transition temperature
- (less than about 200 °C) to allow as a low processing temperature as possible

(preferably below about 300 °C, and most preferably below about 250 °C).

Functionalization is generally carried out by solution or co-
| extrusion methods. Methods for synthesis of a functionalized poly(arylene ether)
30 (2) wherein X is anhydride, hydroxyl, epoxy, carboxyl, and allyl are known.

10



epoxy, carboxyl, ---RIOH RICQR2R2, -R1CH2=CH2, allyl, or vinyl, wherein R
Is a primary or secondary dival ent al kyl or hal oal kyl %rgﬁghié ng from1l
to about 20 carbons, or an aryl group and R2 is a subs

Unsubstituted primary or secondary al kyl group having from1l to about lo
carbons. Again, preferred 25 functionalized poly(arylene ether)s (2) have a

| oner gl ! ition tenperature (less than about 200 C) to allow as a
l ow processing ténperature as possi ble (preferably bel ow ¥#bEUS008T006C, and.
nost preferably bel ow about 250 C)." . Functionalization is generally

carried out by solutign or c extrusi on. nethods. Methods for synthesis of
a functionalized pol y{éadics P@M?éwbens@ﬂtez) (Mivattea consposind Hav, g%
F 140353

hydr oxyl, eR@é¥ions 10 .6 E P 200

PCT/ USOO 27906 Re P%@ggﬂeldﬂgﬁo?g&a ene %ﬁgg?waﬁe‘Wf K 23 ashydride] foavi ng
an acyl ftmntdnaﬂnrgdbmaghmme aamcpa:t giseloytdneyes, 'I%rténtgﬁ); tyvegé@ X is an
anhydri de, r&?xka gg@@}“j&e at I’l r}?‘%drl de acid as discl’o nOr uU. S
Pat ent No. ) ﬁ&g €nt He. 4i834i 39 doith obwhictPatent No.
.4, 814,5392, 1b0(bx|‘po@§tev1/rlqu-hfeaé@ce}§3rhﬂapor porated by reference herein. Reaction
‘of poly(aryl ene ether) (1) wt h a polynerizabl e epoxy- containing olefinic

conpound in the pres ce .of ee radical initiator yields poly(arylene

~ether) (2) vv_herei n X eaclipn (B‘? (Fvdens: etbsok (1) wishct poljzaqhéﬁgﬂ)}@gbg%?ryl ene
Ftshle;éo?:ogrc g?gﬁhher eFirilmg% él?l t((ainlglte ég‘g%,nee cffgﬁéﬁ@ r@ﬁf?ﬁigﬁﬁggqll(ﬂédsemﬂe)c
e i olherl i st vcpoysrovgr eyl o
Pat eRtY {Qgﬁl g‘@%‘"‘ aé?@‘scq%ﬁ?@ﬁari"g“ Ftr?eoyﬁo?aé(tﬂé%h‘ei’%l,ﬁﬂby reference.
Car deQy f unwdiidhois dhéorpdrapel hé@%ﬁfg?@?ggr%ég% @%%&%agﬁe %gf’é’k%l}’ﬂ@ﬁle% al. in

Pol yrer gm Part A-i
4,746, 708, e \H?FP,‘TFeQr Yi r‘iﬁ'érmﬁﬁaped aby ar glodyaghmehasitRin ﬁtcprgflerred

erbod! ment e AGRRIoTSRIAHNC bLoPaL LaAlRRlY HARISRCSLMS! Sil T Gla X TS 2

reactive functional -group selec
atent No. 5,096,979, which is incorporated herem by reference.

: Carboxy_—functmnahzed poly{arylene ether)s are shown by Chalk et
15 al. in J. Polymer Sci. Part A-1, Val. 7, 691-705 (1969) and U.S. Patent No.

4,746,708, both of which are Incorporated by reference herein.

A preferred embodiment comprises functionalized poly(arylene
ether)s (2) wherein X is a reactive functional group selected from the group
consisting of —-R!OH, R:CO,Rz, -RICH,= CH., or vinyl, wherein R is a primary

29 or secondary divalent alkyl or haloalkyl group having from 1 to about 20 carbens

an aryl group and Rzisa pnmary or secondary alkyl group having from 1 to about
10 carbons.

. Reaction of poly(arylene ether) (@) with glyc1d01 ylelds poly(arylene

.-ether) .(2) wherein X is- -‘R0OH, as disclosed i in US. Patent Nos. 5,128,421 or
25 hydroxyalkylation of poly(arylene ether) as descnbed in U.S. Patent No.

4,746,708.

Reaction of poly(arylene ether) (1) with fictionalizing compound
having at least one carbon-carbon double or triple bond and at least one ester

il



consisting of -R OH R C2R2, -R CH2=CH2, or vinyl, wherein R is a primary
20 or secondary dival ent al kyl or hal oal kyl group having fromi to about 20 -

carbons, an aryl group and R2 is a primary or seconda.rﬁ @%E@l ggﬂQUp havi ng
from1l to about 1 carbons. Reaction of poly(arylene ether with .

glycidol yields poly(arylene -ether). (2) wherein X is P-cg&gyu di scl osed .
in U SWORH{4833 Nos. 5,128,421 or 25 hydroxyal kyl ati on of f’éz?@ﬁen' e
ether) as described in U S. Patent No. 4,746,708. Reaction of poly(aryl ene

ether) (1) with fictionalizing conpound having at |east'one carbon-carbon
double or trip bgn nd ap |1 t pne.ester S E.P . 1/ 40353
PCT/ usogrcz@rjeicgrnﬂib(dawaléﬁl%lE'E‘%f@a‘?’ﬁ?m ’Frﬁe‘&%’z?ﬁa a%‘éF‘é’ggéigpi@%gmoosz,
as disc ' at ent No. 4,888, 397. Reaction of poly(arylene ether)
(1) an g?fe?ﬁi}i&#él#%ggznder basic - conditions yields poly(aryl ene ether)

I

(2) wherein X allyl. OQher nethods for 5 nt hesi f..pol y(aryl ene ether)s -
(2) wherein X is eaymoxapépalﬁéw&%ewrb%w §ﬁ¥ﬁﬁs?'6‘?§?4¥'6ﬁ§rba§}%oa, 366.

React i on of..pol y( I ' ki 7y itRbAY foconpounds
yi el ds ﬁBﬁlé'(tg’Wﬁéﬁéx gt% ?fﬁ‘%&% é%@r g’nw&ely‘%slﬂ% %;?PF ?stﬁ giiqglgelﬁosed in US .
Patsent thés# @B pbBilaryléneGithe)s (spwirendinsX in albtl iace dischsed inJEdNP Sy
poly(arylene ether) functionalization, poly(arylene ether) redistribution
with fu-ﬁiﬁﬂﬂaﬁ%ﬂpﬁéﬁo%@(ﬁol ics is preferred, as disclosed by DL M Wite,

in Journal of Organic Chem stry, Vol. 34, p. 297 (1969) and in Journal of
Pol ym Sci ence, P&daction \éﬂilpo%y(aryle;le @6Ber) 1QY With amylbgntyl containingin Aert,

in Macronol ecul es, Vol. 28, 7967 15 (1995)., Redistyibufign typi.cad |y occurs
. bet ween campoupdayigidsroly@ndene ﬁ'}’@%]a(é)f Elbfds VP aﬁﬁ%fﬁcg?sqdﬁl%aﬁ% ngrt

sol vent [ a | orof orm ‘toluene, or the like, in the presence of
an oxi d???%@é’eﬂ&i’ﬁgﬂ as a copper salt (for exanple copper nitrate "\)

trihydrate conplex with N-nethyl imdazole), a peroxi d(E (tor ﬁ@%(a | e
berizoyl per oxi de) Ofothe severalnsmabetie mesheris| used tor poly(arylene,sther)| - 4, 4

functionalization, poly(arylene ether) redistribution with functionalized
phenolics is preferred, as disclosed by D. M. White, in Journal of Organic
Chemistry, Vol. 34, p- 297 (1969) and in Journal of Polym. Science, Part A, Vol.
- 9,p- 663 (1971); and by H. A. M. van Aert, in Macromolecules, Vpl. 28, 7067
15 (1995). Redistribution typically occurs between a poly(arylene ether) and a
functionalized phenol in an inert solvént, for example chioroform, toluene, or the -
like, in the presence of an oxidizing agent such as a copper salt (for example
copper nitrate trihydrate complex with N-methyl imidazole), a peroxide (for
example benzoyl peroxide), or a quinone [for example 3,3',5,5-tetramethyl-4,4'-
20 diﬁhenquinone (TMDQ)]. Redistribution may be used to form poly(arylene )
ether)s wherein X is -COOH, vinyl, hydroxyalkyl, hydroxyaryl, or ester as, for -
instance, described in the U.S. Patent No. 5,880,221.

After functionalization, the next step requires reaction of
functionalized poly(arylene ether) (2) with a poly(organosiloxane) having
25  structure (3):

p[E
Y—Ax—?i—o Sl»i—-o Sli——A,-Y (3)
R2 Ry Re

n
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20 di phenqui none (TVMDQ]. ' Redistribution may be used to form poly(aryl ene

ether)s wherein X is -COOH, vinyl, hydroxyal kyl, hydroxy%‘y$ER)|’2[E}§1t er as,

for instance, described in the U 'S Patent No. 5,880,221 After

functionalization, the next step requires reaction of functionalized

pol y(aryl WOLPUPRA ) (2) with a pol y(organosi | oxane) havi ngPCPEISEN21366 ur e

(3): RIR3RS Y-A, ,-- j i-G-0s-A,--Y (3) RQi R2jR6 n 12 6SEP2004 WO

011 40353 PCT/ US00/ 27906 wher e n each Ris | ndependently a prinmary or

secondary avhereingashR Isdudenenidently aq_mrﬂnztny ok2ecoidaep alkygiid yﬁé‘){ng

secondary %%gcl? A?rﬁroup havi % from {3 wel ve car bo ar§/rf group

having fro W SN 9F Se9em ale ﬁ]ﬁa lﬁ’é@r@l@hﬂmgﬁromdl&tmr bons,

or m xturemh@rmbgnfraq{ dup [ an i nteger.
PO ety Ray g RO b to 12 BisBoRBus Apld) Bfburhor o

havi ng an ?ﬁer agﬁ_ val ue fromabout i o a
pref erabl y fm ﬁ'tté’ Wﬁgoamlauu'eaghemlfué’mferabh@ R @& agethym about

1 to about | r.ef er abl n.is a I nt eger havi ng
an averagep\ll'g{3 9 ey‘?(%geg ro%%ﬁta‘@rﬁ? XBiGt frepy apart dstoyaboniy ¢ he
above for majona,GPQ mcluswa, mubesprdfetfabtlz Ris mﬁﬁbgéﬂﬁdﬂﬁgan%bef%% d}“ah% up

havi ng fro 6 to out 185%?/ n atons, Qr a primry or I val ent

sat ur at ed mabgu RAOEFOIRe RaQiingjusiveand mostpreferabdy) rea ralmo n

at ons; Xlﬁlté r%a&in ‘)g naﬂ,,% Lve.wi.th X 5
sel ect ed from% he grggét}gavcony StHII‘STs’ll q%ﬁp@ﬁ%?.a g§9 ingpsiye.

carboxy, -C(OCH2OH, or, when x is_zero, hydrogen. Reaction of (2) with
(3) forms a pol y(ar it &he @pﬁérfpnp@h/(s],lzbﬁamﬁubﬁnultmr uildithstitatedt of

Fg' gggh!{ Oggﬂf?ﬂ%tﬁéé% %tﬁ%vfr&r S0 ¥oEhh 6f 5% %nl a otntlse, orragggnznra?')rrno%'bom !

ST secondary dlvalent saturated or unsaturated alkyl group havmg from 1 to about
30 carbon atoms; x is zero or one; and Y is a functional group reactive with X,

5 selected from the group consisting of —OH, —CH2=CHa, epoxy, amino, carboxy,
—C(O)CH:OH, or, when x is zero, hydrogen. Reaction of (2) with (3) forms a
poly(arylene ethgr)-po}y(silbxane) copolymer. The amount of poly(siloxanej (3)
used for copolymerization is in the range from about 1 to about 80, preferably
from about 5 to about 50, and most preferably from about 10 to about 30 mole

10 percent based on the amount of poly(arylene ether) monomer units. Use of more
than about 5 percent by weight of poly(siloxane) results in lubrication of the
screw during extrusion, which can adversely affect the extrusion and/or molding
‘process. This difficulty is reduced by performing the copolymerization in solution
and, for instance, a CSTR type of reactor.

15 Various initiators may be used to facilitate copolymerization. For
example, tertiary amines such as imidazoles, quaternary onium salts such as
tetramethylammonium chloride, or mineral acids such as hydrochloric acid may

" be present for catalysis of the reaction of a carboxy-modified poly(arylene ether)
(2) wherein X is —COOH, with an epoxy-modified poly(siloxane) (2) wherein Y
20 is an epoxy group.

One preferred siloxane (3) has X substituted by the reactive
functional groups ~OH, —C(O)CH.OH, or -OH wherein x 1 and A is a substituted

13



fromabout 5 to about 50, and nost preferably fromabout io to about 30
nol e 10 percent based on the ampunt of poly(arylene ether) nononer units.
Use of nore than about 5 percent by weight of poly(silgx&fep PEgults in
| ubrication of the screw during extrusion, which can adversely affect the

extrusion and/or nolding process. This di fficul ty is r%g%ﬁ?dwgig gerform ng -
t he cop®) 8@ds3zation in solution and, for instance, %

reactor. 15 Various initiators naybe used to facilitate copol yneri zati on.
For exanple, tertiary am nes such as imdazoles, quaternary oniumsalts-
such as of Qﬁfs&bﬁhﬂmﬁé@mﬂqmmqﬂlgnoupe when ¥ e 0H ai d@OsB.&hImsthese

O by Rnesty e BhaSE R g S Ao B R
epoxy- ng lon@%‘tilﬁ DI h r{c?elfdmﬁ Y2,zﬁ,§ | tbitaSdHbBRANY atiRitide 016

preferre xane ("3) ha substltute e reactive functional groups-
- OH C(b»ma drepo&demfer example adigl mriyl gtharbef bisphemol A608 £ P 2004

Y0 91 403 TN 98 e MR, s i gD
s P ety g ol st 1
exa%l e frsiibg yeadtod ﬁwfir%@ %‘PStK“t%f f)gs’a‘i)’éﬁﬂ@)i gﬁﬁ%‘ﬁ’ﬁ‘at@ f or
exanpl e (lRihY lof AiIRRRCA inléhffeRiate Witk 4 ﬁﬁ@ﬁox?lsft&gﬁeg@@g ryferleRARkY ty

exi sts, reaction 1s con t st epw se, onat e first

be react mtmmamdy,wuymymsmpmdqmlyamm eptbbg/)(may Gixsiriag reaictdd withch by

ot Hir) - sy oury e AR Gngh L Bat b e SR R | &%

react Ed ifﬁéﬁné’dl&fé Wi Qxﬂﬁiﬂéﬁw pulygsileeine si Variais)estdrofitatiwmg by )

reaction of the fornmed- internediate wt h a hydroxy- stopped ol y si | oxane) .
Vari ous eatalyststsuitabledar vseiinaghese eeagtipns prekneyn ir Hiq arty mgl PHns are

v R SR S AT ot

t et raal kY ni‘um es or phosphonium sa
tetraal stltsimshhe neteaaikglphdephonium halides.

15 | Another preferred siloxane (3) is substituted by the reactive
~ functional groups vinyl or allyl when X is hydroxy, vinyl or allyl.

Copolymerization is initiated using heat or a free radical initiator, for example

peroxides such as dicumylperoxide. Grafting may occur on poly(arylene ether)

methyl groups and/or irregular units composed of bonds sensitive to a radical

20  reaction (partimlarly where X is hydroxy). Grafting to vinyl-poly(siloxane)s can

 be further facilitated by using poly(arylene ether) functlonahzed mth an

unsaturated bond such as vinyl or allyl group L}

Still another preferred siloxane (3) is a hydrido-substituted siloxane

wherein Y is hydrogen and x is 0 when X is —R*CH,=CH: or viriyl. Other

25 polyorganosiloxanes having at least two Si-H groups are -also useful. '

Copolymerization can be conducted in the presence of a catalyst such as platnum

or pal]adlum

The above-described steps of poly(arylene ethér) synthesis, Y
functionalization, and copolymerization may occur in solution, in the melt, or a

30 combination thereof. Prior art processes have generally required isolation of

14



45 Anot her preferred siloxane (3) is substituted by the reactive

functional groups vinyl or allyl when X is hydroxy, vi nyI %{?@)}F
Copol yneri zation is initiated using heat or a free radi ca | n|t|

exanpl e Weoonedes such as dicunyl peroxide. Gafting nmay OfEH{IsEUR7906
boly(arylene ether) nethyl groups and/or irregular units conposed of bonds
sensitive to a radical 20 reaction (particularly where X is hydroxy)

G af ting ! eah Mtbrredi{eid DEABLLRRC YAridiE {LAHLGOST Qﬁﬁgﬂ({é‘g&}ﬁa{tﬁgﬂg S oyl

pol y(aryl ene ether) functionali ze
or allyl gtlgepasation Oﬁlmlrﬂaeylem ether)sethets fumxtofalizbd d&rivatives, an\ﬂ]ﬂlens(
en i's

hydrid wh Y d
: é&zous-ég‘?#‘“%m 5 T MBher oIl o fo el L mhodirent, | saxhesisp S, -
groups ar eﬁﬂaitmaahmfdﬂ copolﬁ@@@fdfﬁﬁﬂdﬁédmegﬁﬂfiggt ﬁ%ﬁjﬁ}ﬁl S %@B&g&;gi@cr i bed

presegce of a iatal yst sugb l ati num or
.steps”of pBF JRANFIRRECEM 9“t§§ﬂ1§h@lspﬁthe indemnediatds, zat i on, and

copol yneri zati on may occur in solution, in the nelt, or a 30 combination
thereof. Prior art pA&GH r U|re i sol atj on of 14 6 S E
b 5004 WD 01/ 40365 PeSerERED, Sfang E’Bﬁ;(g‘h{léé}en"’g@%hs@ &S Senls
Vari ous i sioeqesd tingem:llnriaqdeme etiher)asoﬂmﬂl@biﬁrﬁﬁfem@ﬂ&o%@ﬂﬁﬁdaﬁibno\fessd
pol y(aryl qpﬁ et Q&ﬁﬁ' ﬁlg\ gl tionali,ze derl vatives, and
copol yners ar et Sy RPhte 3§‘°[5‘r andr slutigRnernolmer foymatiesi sccurs
~ functi onalsegaentially.c Thelsphii; rf@érifﬁid a tion
4 y 188, P SopOBRE B Blon. H 80 freffertioe.

OCCU{ Vi a l.ine process wi t hout 1so

- Accotdi ngl‘?aaﬁf’{le?f the CEBPl}’P'&ﬁfy (Eheefinahdsolation uefi tre thy(}aeﬁbﬁesétﬁ@f ), ‘the

Vhasel | pRBlgtaey sepplvatirlis B0 chfobd A8 8 e v ibripmentaden o tion
occurs @lfb@nghabﬂhpr methosds| and).nngqmte@lpitatg)ﬂ hgp@gpg'-%?g gFahﬁﬂnt r eat ed
a

t ffect th | The f |
o1y ary1 SEpRR] FBRe BlaldieGeead TEish ypaeats vtk roclarmmimnpecartadidgout i 1
a devol at varisusgombiinaiess idiapdhest RREHTRE hacl‘gsalhgvl.%eﬁlngm? I‘ISCSI nlletz ation,

Spral% dryi %a w ped film
Instances preferred. In these techniques it is highly preferred that catalysts (e. £

metal catalysts) removal be completed in the prior process steps as any catalyst
remaining in solution will necessarily be isolated in the poly(arylene ether)-

poly(siloxane) copolymers.

Devolatilizing extruders and processes are known in the ért and typically

| 20 involve a twin-screw extruder equipped with multiple venting sections for solvent

~ removal. The devolatilizing extruders most often contain screws with numerous

types of elements adapted for such: operations as simple feeding, devolatilization

and liquid seal formation. These elements include forward-flighted screw

elements designed for simple transport, and reverse-flighted screw and

25, cylindrical elements to provide intensive mixing and/or create a seal. Particulaily

useful are counterrotatmg, non-intermeshing twin screw extruders, in which one

screw is usually longer than the other to facilitate efficient flow through the die

of the material being extruded. Such equipment is available from various
manufacturers including Welding Engineers, Inc.
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evaporators, flake evaporators, and flash vessels with nelt, punps,

I ncl udi ng various conbinations involving these nethods ag ?j seful and
in some 1 5 instances preferred. In these techniques it 6 Ei g?ﬂlﬁﬂ?{preferred
that catalysts (e.g., netal catalysts) renoval be conpleted in the prior
process_steps.as any catalyst remaining in solution wll L1y be

| sol at e\HQ%BP%?é poly(aryl ene ether)- poly(siloxane) copolrfﬂgl?@.ﬁa?g%

Devol atilizing extruders and processes are known in the art and typically
20 involve a twi n-s %x%der eigui ped with nultiple venting sections
for sol vent rehARIE® THRQGMANL Qaﬁsn&?mmwm%@ncqmmo In screws
with nu 651 He @g@gg _ . Latl o L pl e

f eedi ng,npege @I.aéfto?sloi zat i%‘ﬁ{rﬁg%?hlai qui tggzglftﬂffno?}&tna |1§§.esrt ée'sgﬁlm{ﬁ S

i ncl ude fconventgation,gthe dngjor ecpartedk ibetsolvandi ineembued shymdvapbratieport, and

-flight,ad dy 25, i ndrical el | i de i i
i g aRiFSTARY el i AR Chndihby i anfuE S ke matantabong.
non-si nt exgRBHLN §ob e, mbse Py&fef@myﬁetﬁe rafgeRbaNa IR lhaﬁif{&ﬁbﬁteyéw,l y

| onger than the other to Tacilitate efficient flow throug die” of the -
mat er i al apdyenelevated peessusy for eqmpladnthe rangedrommibeut edmabant pgibar,

manuf act i s el dj i I Inc. 15 6,S E P 2004, WQ 01/ 40353
PCT/ Usoo%é‘%ageﬁﬁl‘w bﬁ@%ﬁ@&%@’ ol 50 2panf 50 Fgﬂ’h Prfpeiesndration s
~ pre- concésliovéd by dépslatilipdtiorevapasianitoreffovehe adidant dolpsrst. _

devol atilization extrusion steps. During pre- concentration, the major part

of the solvent is repoved. by evaporation, _preferably_ at an el evated -

tenperature, fdr2Bxa tivg” t¢ ecompletely, iselating, (thes poly(aeyleme Lethetdoc, nore
r gper ab ' @@gﬂ AU : ARRG ted
Br gts)sur e? leyc()énde)!x&glﬁ%l i%{n Ité E’;B rangeog‘? gerég%g%% to a tgu[?@%%gaﬁlﬁgﬁor e £y
pr ef er abpyly{aryléns ethaglepolytsilaxaoe) copalymeydntthé Saimerprotess. chne eneoat i on i s
f ol | owed devol ati | ization rusi on t0 .renmpve fhe residual, ,sol vent. As
- an alter H‘g@f'f:\}'?él(ngalggk,dfee eéiio Vltﬁ)s(t%’lea(i‘?vr?gatﬂﬁ _nﬁoex%](“éie;ﬂ %lmo‘é&qhéflflmcﬂﬁ
pol y(si | exandersanaphleote usede Possibly variAsdriSintRideanaldasiihg th8ne or

devol atilized pol y(arylene ether)-poly(sil oxanez copol ymer "in the same
process. Mg rgsi@sdhto the devolatilizing extruder or melt feeding the poly(arylene

15 ether)-poly(siloxane) copolymer from the devolatilizing extruder into a second
compounding extruder as well as combinations of these. The one or more resins
can vary widely and can also include additives common to such compatibilized
blends. Such additives include impact modifiers, lubricants, flame retardants,
pigments, colorants, fillers, reinforcing agents, carbon ﬁberé and fibrils, and the

20 like.

P

In a particularly preferred einbodiment, functionalization,
copolymer synthesis, and isolation (steps 2, 3, and 4) are a continuous process
effected by solution functionalization, sclution co-polymerization at low
temperature followed by solution. polymerization at high temperature and

25 pressure, and finally melt copolymerization. Preferably, melt polymerization and
isolation of the copolymer are performed by devolatilization. Thé sequence of
low and high temperature solution co—pdlymerization, followed by
devolatilization extrusion serves to increase the degree of copolymer formation.

Accordingly, after poly(arylene ether) synthesis, a solution of the

30 poly(arylene ether) (1) is treated so as to result in solution functionalized

16



nore resins may be fed into the devolatilizing extruder although addltional
extruders may al so be used. Possible variations incl udeq;g_}; G dng the
one or nore resins into the devolatilizing extruder or t feeding the

pol y(ar ymaneideas=et her) - pol y(sil oxane) copol yner from the devgbsgderzhdesi N
"extruder into a second conpoundlng extruder as well as conbinations of
t hese. The one or m)re resins can vary wdely and can al so include
addi tives colly n.to ch co altl bilized blends. Such additives include
i npact nodP? le”t Eﬁ%t gspo ventsdor effeetave functiopalnatinrs are khowapfor,

fillers, r@&a'ﬁfl E(ﬁlé}g séﬂéﬂ&ﬁucﬁngé ?ﬂ@r&f‘opﬁr 1'.301 %}ged ﬁgarchquB%Rger%gﬁ‘gi 20 l I ke. ]

I n apartlcula y [)referre ment, func
synt hesi s, isgwefer ation (steps 2, 3, -and 4) are a continuous process
effected by sol ution functionalization, solution co-polynerization at |ow

tenperature. follo ol n. | ymey.i zation at _hjgh terrperature and

.25 pressure, and fi ng?lg)}oﬁelcﬁ @&qrp%g%/rpgéppoﬁs s dpiited. pePelution

pol yner i zatopolymerizaticiolsgieneralbf effdiged 2PRNYH tlﬁretg iRehd Pﬁgédfr@ﬁ out
enper a

devol atilizati The sequence of | ow and I on
- co- pol yner?‘kﬁl?ilﬂﬂtmti(bﬂ@d abyreagemuatthe rma fnqneahmnaltombaﬁt YOS bag

increase tRe, deg! mat i on COI’dI n fter poly(aryl ene
et her) syn?ﬁem s, &ﬁlegg?ﬁ% gﬁ{%%&%aﬁt&m ‘F'?Pﬁﬁ’é Hé‘a)Pr(3$5)‘1f¢’§3‘-t(treat ed
so as to mestypically inthetranpe froms kbengbi126Abbht Boddurf, 2004 WO 01/40353

PCT/ US00/ 27906 pol y(arylene ether (2). Solvents for effective

functionalization arlga ﬁaol\é\fn flor exa | e i nert solvents such as
chl orof orm tol uene,*™& Pﬂ’iﬂHEBﬂf@d@ YmgFigatien ocgursiaitwiorsteps, 8dirst,i on

copolgy ner 16w heRipedaturs, ]Bﬁr@rehmklﬁéﬁdmcﬁé’%b'édrﬂf‘ g’%ﬁf@%ﬁgﬁ% Weat I%But 300

~generally effected at tenmperatures in the rangé
C, and at hpglwgﬂqrﬁéﬁlreﬁtqméfh@lngeteﬂmmmmmenlsmeathly i:tmleh-ange figgAct i on

typt cal 1y SPAEEEE% MeBFiddR ZBA AR AL LA G oo 100FT ety
~sol uti on goprefealbly i thid ﬁhg@cﬁﬁﬁﬁahdhttl"% FH&RS1.2 D! "fle second solution '
copolymerization is at a higher temperature and/or pressure, preferabiy in the
15 range from about 150 to about 350°C, and more preferably in the range from
about 200 to about 300°C. Pressure is in the range from about 2 to about 100
bar, and preferably in the range from about 10 to about 50 bar. Precise

temperatures and pressures will depend at least on part on the reactants.

Solution popolymerization is then preferably followed by melt
) 20 copo]yrnerization and finally isolation of the copolymer Melt copolymerization
_ and isolation are most preferably performed 51multaneously by devolatilization
extrusmn co-polymenzanon This step is preferably. performed at temperatures
in the range from about 150 to about 350°C, using a screw speed in the range
from about 50 to about 1000 rpm and residence time in the range from about 10
25 ‘seconds to about 15 minutes. A high degree of copolymer formation occurs in.
‘some instances during a single extrusion step. This indicétes that the conversion
tp poly(arylene ether)-poly(siloxane) copolymer initiated in the solution sieps can

be further increased in the extrusion step.
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10 | ow tenperature, |ow pressure step, and a second, high %ja@“gﬁrature.

and/ or hi gher pressure step. The | ow tenperature step |%$E e Il*y in the
range from about 20 to about io00C, and preferably at about 60 to about

| o0oC. Pressure is preferably in the range fromabout i to about-1.2 bar.

The secgnd solution copolynerization is at a higher te d/ or .
pressurgfoﬂ{‘@?@r ably in the 15 range from about 150 to %@%@@@@and nor e
preferably in the range from about 200 to about 300C. Pressure is in the
range from about 2 to about joo_ bar, and preferably in the range from

about io to about 5&hpabovendeseriked proasssestaredsitable fordheformation ofjepend

t-| t QF : | | ' ' | Sat
or of o abt SOPERMIEGeBURBFBtSHaRe) SBbUbnids P88 MIRESTAT B on o
t hef copogwh_efeirlx E&bﬂsta }gdpabyb kearboxg) ésne_nrl, hydraxyalict, hr?tyl,a{rﬂiﬁm ot anjrl%freﬁpbl %/
i s st opad TR Bl GligRinalF (2L Aheraif Tobsrh 601 SFpingn byRLNGe iMn abous
150 'to aRpitox3RIRG, wa}&eyﬁ,ggylsﬁy%x%@ggmiﬂlﬂgg?ﬁﬁnge from about 50 to

about woo Tpmand-resid finme in the rang rom about |lo 25 ,seconds to -
about .15 minutes. A high degree of copol yner forpation occurs in sone
i nstances during a 4haties esdiodimieshcemppisesiiesopalimenieseachian prhduct

conversi o t - b 0 r.knjiti.ated in
ho. soi urPbi Spactsiied BOERIRLY <y () HARR XCREANECI s BV L' §
E P 2004 3#6ppdd pOI3Es3loRsid) (M REI0Y Ehénglb Siscedepolyniaizaviondebyadray e

sui tabl e f?{igaéhe rTormation of %gl (al%l er:‘%neth r)-pol y(sil oxane)

copol ymerka nmsshapigay | & Jaixty P}lsb? 1} angh, gralt fopolangrs, js gsrgrallyar hoxy,
esteg, hg&r ggkyl, vinyl, amno, or allyl group, and reactive
pol y(sil ane;s (2) wherein Y is an epoxy, am no, hydroxy, vinyl, B ‘)
hydroxyal kyl , hydroxyaryl, hydroxyacyl, or allyl group. Another enbodinent =
conpri ses the copol fnether emhwdiment geropuises thefcopo ¢ resgtibhguoduct

I I h ' ' P! | iyl f:
ol (o | AR inaife Byl tond e & WhsBah XY o BHERBRHOR, & ¢ co
radi cal neftharhydroxpalii/x iorisdebxyargestoppdd pobf(silexnrR) (gErehéimeienal |y
A is an alkyl or aryl group, and Y is a hydroxy group. Copolymerization in this

10 case occurs in the presence of a co-reactant as discussed above.

- Another embodiment comprises the copolymeric reaction product
of an ester-modified poly(arylene ether) (2) wherein X is a carboxy ester group, N _
with a with a hydroxyalkyl- or hydroxyaryl-stopped poly(siloxane) (3), wherein
Y is a hydroxyalkyl or hydroxy aryl group. Block copolymers result where X is an
15  end group as shown in (2). Formation of graft copolymers occurs when X is

present along the poly(arylene ether) chain.

A still further embodiment compﬁses poly(arylene ethef)-
polyorganosiloxane copolymers produced by hydrosilation of an allyl-
functionalized poly(arylene ether) wherein X is allyl, with a hydride-containing

20 - p_oly(organosilbxane) wherein x is 0 and Y is hydrogen. Linear block copolymers
are produced from poly(arylene ether)s (2) having allylic groups at the téﬁninus
of the polymer chains. For generation of linear block copolymers poly(arylene
ether)s containing 1 to 2 allylic functions and polyorganosiloxanes containing 1
to 2 Si-H groups per polymer chain are preferred. Alternatively, if poly(arylene

25 ether)-polyorganosiloxane graft copolymers are desired, poly(arylene ether)s

18



'S5 produced Anot her enbodi ment conprises the copol yneric reaction product
of a hydroxyal kyl -nodi fi ed poly(aryl ene ether) (2) anr ' 5%([)3 A
hydroxyal kyl, w th a hydroxyal kyl - or hydroxyaryl -st pgb I ?p@i | oxane)
(3), wherswonoposss 1, A is an alkyl or aryl group, and Y iﬁcﬁnﬁﬁﬂ?ﬁﬁé’
yroup. Copolynerization in this 10 case occurs in the presence of "a -
co-reactant as discussed above. Another enbodi nent conprises

t he: copol y 1+67 | - an estersnodi fied poly(aryl ene ether)
(2) wher ej nn@ff(i tiﬁls’ﬁ’gggfédrfgégxagryggtﬁéc%oﬁ{os € uSGi ﬁhSSWFmﬁlﬁwds@mapﬂed or

hydr oxyar yl by tkayeve rpotes( Fidhodiagemetlationh of € rbo])yg%ixfleﬁe hé’%?jéﬁhg?%hor |

hyd I .. Bl ock I rs result where S an p as

shown 1 n_ (Sretpalithipsm, Fasodcsrhe sl birhalkl foloweddry liyiationr sfend al ong

t he pol y(arpdl ] I il f - di,nment, co i ses

pol y (par );CI( e riﬁ?g&ﬁ}é reg@ @E]%ﬁryg%’;h n o‘?lblﬁl %)% glril%' gg%lg ﬁ%é&?%‘l?lg&%@mgﬁéss are

hydrostiati cehed by Jhii, etaldn Mna:Ielez:Hdmiml'l;e(chnmbgﬁq;}gﬂa@[r:32’}%%4_938% nXis
| :

allyl, wt n,de- .al nisng_ 2 0 rganosi | pxane) “wher e s o and
Y i hydr oggﬁﬁ%gﬁmé%@? i SEheShtoRen boBiE3 o asberrpoimopmmpstopimne

et her)s (2pnt bsst oge af & pbi tanerghat) cbhfai ) | yoer chai ns.
For gZanegaFi 0. g, L hepr y@bzlixgc copglt);ne[ﬁas:hgg ar §Itgé1%5r}izltvﬁ§|g¥gu%H?rai ni ng
1 to 2 all PMY'EY 6 Peﬁfgfws SFansy gemsining gmeater cthanas 8idd drovps gerSi - H
groups per nsleyilBhis g N are preferred. Alternatively,. if poly(arylene 25

et her ) - pol yorganosi | oxane graft copol yners are desired, poly(arylene
etherbs 18 6 S E P 2004 _WD 01/ 40353 PCTI US00/-27906 contai ning grafted

al 1 ylPc functions ar #hadlark copebanemsteay he fommuylatel WithRAHeESE mbYe KARUN
routes inc | . i [ a pply(arylene ether) with an '
el ;anzl : t hFHgn[LS(Qg‘s I&ug}érsﬁggg&ggf)w(ﬁﬁ' %EEI&PPFWQSOM%@} examples ofmuchf t he
pol y( aryl exdditivesmcludetfameradidabtd) pldseie; ; aryg ene

gt hgg)syare %@Iﬁ?@;descl'ri bel(-j b;ﬁtl S ?i%Sﬁg’tze%’]ﬂ?ﬁl\%‘%&%‘é&%ﬁ%ﬁﬂem,

Technol ogy®* rmaplastie resgts inghysling poly( pheydere atlier)s of sitaxesekiopked

pol y(ary! ahermbbettigreline ngﬁgﬁﬂi@ﬁﬁ% Ioéfe‘g}:%rgg%tzl{éﬁleldgg oF acr)lla)t/é gsrtglrse.ne

ether) containing greater t

15 .‘ The poly(arylene ether)-poly(siloxane) copo!yrﬁers are useful as
molding materials, for example as resins for electrical applications, inclu&ing
encapsulants or resins for printed circuit board laminates. the copolymers may
further be used as as treating agents for fillers such as fumed stlica, quartz,

| particulate glass, or clays, or as sizing agents for glass, to promote compatibility

20 between the polar surfaces of the filler, e.g., the silanol groups of glass), and the

| polymeric matrix. For example, fumed silica treated with poly(arylene ether)-
oy poly(siloxane) copolymers are extremely useful for ehvironmentally benign tire
applications, as the poly(arylene eﬂzer) portion of the copolymer is compatiblé
7 with the styrene-butadiene rubber portion of the tire, wﬁile the poly(siloxane)

25 - portion of the copolymer has a very high affinity to the filler. |

| The poly(azylene ether)—poly(silo‘xane) copolymers are élso useful

as additives to other th'erinbplastic or eléstomeric resins. For éxample; .li'n-ear
poly(phenylene ether)-polyorganosiloxane c0poljmers in particular hé\}e ;1$e as
-impact modifiers or flame retardants for ihermoplastic blendé. When used as

30 additives for poly(arylene ether) resins, the resulting blends genera]ly'have better
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nol ecul e or pol yorganosi | oxane containing greater than 2 Si-H groups per

nol ecul e i s used. -10 The bl ock copol yners may be forrrul@t@@ﬁ?vi@[mlpne or
nore other fillers or additives to further nodify their properties.

Typi cal exanples of such additives include flane retardants, plasticizers,
flow pronoters, inorganic fillers, or other thernoplast] | | ncl udi ng -
pol y( pheayréedéd et her)s or siloxanes or thernosetting regﬁﬁégg%%?m%s

epoxi es, polyesters, naleimdes or cyanate esters. 15 The poly(aryl ene

et her)-pol y(sil oxane) copolynmers are useful as nolding materials, for
exanpl e ag dorspasbloprepertes, swh apinpaett stoengthi axui/@difg@'neelma}d@ub}int s or
resins for printed circuit board |am nates. the copolyners may further be
used as é‘élng'é Wﬁ@'ogﬁﬁﬁ’c"gr 7 qrﬁué‘ng{gch as fumed silica, quartz,
particul ate glass, or clays, or as sizing agents for glass, to pronote
conpatibility 20 befierReqfioniohnthaullisgeateddsy tHecfolloWing noa-mitinge

silanol groups of glass), and the ‘polyneric matrix. For exanple, funed
silica treyamgdessi t h pol y(aryl ene ether)- pol y(siloxane) copolyners are
extrenely useful for environnentally benign tire applications, as _ -
t he' pol y(aryl ene ether) portion of the copolymer is conpatible wth the
styrene-but adi ene rubber portion of the tire, while the poly(siloxane) 25
portion of the copolynmer has a very high affinity to the filler. The :
pol y(aryl ene ether)-poly(sionaneﬁ§€@@§L§§ers are al so useful as additives
to other thernoplastic or elastoneric resins. For exanple, |inear '

Be | hpadtaranaligion PPy g ARRER cORARbyIRARL R 1 PPC b Gnd. Vihen

used as 30 additives for poly(arylene ether) resins, the resulting bl ends
gengral |y have bet tlara fypi€al praedifedorthofimtivaalincionsbe/ milgisyiene 0

and or | SihnoRa e Robralthe B NTHSERE chl) Bssah T Rl ERe S
further i} UsletabEdnhel %00 o Witideirel OSepdrately, 10 HI9 b phenol, e.g.,
103.5 g of 2-(4-hydroxyphenyl) ethano! (abbreviated EtOH in Table 1) is
dissolved in 200 mL of methanol and added to the poly(arylene ether) solution.
10 0.1 wt% (based on poly(arylene ether)) of 3,3',5,5'-fetramethyl-4,4'—
diphenquinone (TMDQ) is added, the reaction is continued for 1 hour, another
3 g of TMDQ is added, the reaction continued for one hour, and then another 3
g of TMDQ is added. After the last addition of TMDQ, the reaction mixture is
stirred at 60 °C for additional 3 hours. Half of the mixture is then poured into 15
15 liters of methanol to form a precipitate and stirred for 15 minutes. The methanol
phase is decanted, and another 15 liters of fresh methanol is added to the

remaining precipitate. The second half of the reaction mixture is then added to
the methanol mixture. The obtained shurry is stirred 30 minutes, the methanol
phase is decanted, and the remaining powder washed is washed twice with 5
20  liters of methanol. The powder is dried under vacuum at 80°C overnight.
| '- ‘_Fﬁl-lc‘tionality content anid molecular weight are determined by 1H'-?NMR and GPC
(chloroform using polystyrene standards). ' ' B

Other phenols used for poly(arylene ether) functionalization via
‘redistribution reaction include 4,4’-bis(4-hydroxyphenyl) valeric acid (VAL) and
25 (4—hydro$cyphenyl) acetic acid (ACET) (which provide a carboxylic acid functional

20



‘Functionalization of Poly(Arylene ether)s by Redistribution 5 in a typical

procedure for the functionalization -of a poly(arylene t
redi stri bution, goo g of the poly(arylene ether) is di ss_gl 3%@%@,45“ rring

in4lit ol uene at 60C for 2 hours. Separately, to 9
«a-‘phenol,ﬁ_rozqlg"].(‘)“,*g3 103.5 g of 2-(4-hydroxyphenyl) ethanol (5 }rlles\ol/(?lggg%l Et OH

in Table i) is dissolved in 200 m. of nethanol and added to the

pol y(aryl ene ether) sol ution. 0.1 W% (based gn poly(aryl ene ether)) of
3,3 ,5,5 &retlp%)né{lqawﬁarﬁ&*meﬂw i%ﬁ@l@wlﬂ@%addbﬂﬂm (mdadtion is

conti nued . 3 aYta g i e react,ion continued
for one h JrB?ldgn%B?'E%% ano'? ﬁiéc;u;%). Sﬁ g%lé-%g qgggtg%?é] tcgp%efq{e(_:alnal&
addi ti on girepam®@ by wsingenrire ar lesx pherol derisdtiver sxlative 60 the f@hoasdof i onal 3

‘h . Half.of the nixt i $,1he d into 15 15 lit f neth |t
form a pr doMapeue Bhed: ; Table f rmhsarzas e pipmerties ifromctionaleed s

v

decamnt ed, p@ﬂbﬁ(a?gﬂ@ﬁ@@ﬂ]éi:ﬁdsieﬂeﬁ%@ﬁxé B&@&Ranol is added to the
remai ning precipitate. The second half of the reaction mxture is then

added to the nethanol mixture. The obtained slurry is stirred 30 m nutes;

t he net hanol phase is decanted, and the renmaining powder washed i s washed
twce with 5 20 liters of nethanol. The powder is dried under vacuum at 80C
overnight. Functionality content and nol ecul ar wei ght are determ ned by

1H- NMR and GPC. (chl orof orm usi ng pol ystyrene standards). O her phenols
used for-poly(arylene ether) functionalization via redistribution reaction

“include 4, 4'-bis(4-hydroxyphenyl) valeric acid (VAL) and 25

(4- hydroxyphenyl) acetic acid (ACET) (which provide a carboxylic acid
functional . 20 S E P 2004 16 PCT/ US00/ 27906 groups), -and

Ziyallyl-6-nmethyl phenol, eugenol and 2-allyi phenol (VINYL) (which provide

"4l ly] functional groups). Higher or lower functionality content can be

prepared. by using nore or |ess phenol derivative relative to the amunt of
poly(arylene ether). Table i summarizes the properties of functionalized 5
pol y(arylene ether)s used in the Exanpl es below. 21
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6SEP2004 WO 01/ 40353 Tabl e 1 PCTI US00127906 Sanpl 1V of Mwm Mh of Phenol

M~ Wn of - Funct. Funct. e PPE*PPEUsedProduct Typenol /gOIEIQgJDS%Q)Q)lb—i

. Si 4656100/ 24800VAL18300/ 5600CO0H10 S24656100/ 24800Et 99 26
S34656100/ 24800Et OH18500/ 53000H34 S44040000, 120100ACET16400/ 2800C00H20
S54040000/ 20100Et OH15500/ 25000H24 S64040000/ 20100ACET15?%§/6§%§@§8€-¢33 B3
58141 3WSDIPUIPACET7800/ 1700CO0HL3 S946. 56100/ 24800VI NYL NYL81

“I'V: Intrinsic viscosity of the poly(arylene ether) (nl/g), neasured in
chloroformat 25 C. Exanple 3. A Solution Synthesis of Poly(Arylene

et her) - Phalj¢Epoxysi | oxane) 5 Copol ymers 30 g of carboxyl ated pol y(aryl ene
ether) (MN= 3.6500 g/ m)l 120 gm)l COO—Vg poI y(aryl ene et her) prepared as

descri be a0o SSPI i of—t UCI e—and 3 g Of
t he epox ﬁ?’?@élm(ﬂlﬁ(c?ﬁgwg | o) ﬁ@)“ IJ( Vb@é arc de urE:, two bei ng
term nal | *aver 8 of polynetizatijpg 1l = 65) s added. 'Ihe .
m xture has hea?’z)(lj:“dtc I%o C and rriff ed g‘F"‘g‘c our § '{Y\,ﬁ}q.' s!‘EIr“PVgnc at 1 oo
rpm The|] '8t uene was {renoved by gvaporatjon, the rdsidue was
S1 46 = 156100/24800 | VAL |18300/5600 | COOH 10

S2 46 56100/24800 | EtOH |19200/5700{ OH 26

S3 |46 56100/24800 | EtOH |18500/5300| OH 34

54 40 40000,/20100 | ACET | 16400/2800 | COOH 20

S5 40 40000/20100 | EtOH |15500/2500 | OH 24

S6 |40 | 40000/20100} ACET |[15800/2200 | COOH 33

S8 14 13400/2400 ACET | 7800/1700 | COOH i3

S9 46 .56100/24800 | VINYL | 15500/2100 { VINYL | 81

*IV: Intrinsic viscosity of the poly(arylene ether) (mL/g)}, measured in

chioroform at 25 °C.

Example 1A. Solution Synthesis of Poly(Arylene ether)-Poly(Epoxysiloxane)
5 Copolymers '

30 g of carboxylated poly(arylene ether) (MW = 16500 g/mol, 120
pmol COOH/g poly(arylene ether) prepared as described above 81, Table 1) was
dissolved in 140 mL of toluene and 3 g of the epoxidized poly(dimethylsilokane)
(5 epoxy groups per chain, two being terminal, average degree of polymerization

10 = 65) was added. - The mixture was heated to 100 °C and reacted for 2 hours with
lstirring at 100 rpm. The toluene was removed by evaporation, the residue was
" dried under vacuum, and then subjected to extraction with heptane using a
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dried under vacuum and then subjected to extraction with heptane using a
22 6 SEP 2004 WO 01/40353 PCTI'USOO 27906 Soxhl et extract SE)P $B(fours.
The extract was dried under vacuum and the poly(sil oxang cont ent

det erm ne . The reaction yielded 21% copol ynmer fornation based on
wei ght . E%‘?rfxallhlé}-%. Hi gh Tenperature/ Pressure Sol ution Syntfd&/300727o06 '

Pol y(Aryl ene 5 ether)-Pol y(Epoxysil oxane) Copolyners |Inmediately after
- reacti-on, part of the product of Exanple 2A, was poured into nethanol to

i nduce pr ecSexlilett extractdhforpisehoist e maéti‘ﬁ§ﬂﬁed-“mhﬁa§“m§ Hﬁqlganol
and dried unci\}e;%.vacu m 8 g of this material was dissolved i.n B of
o HQHHGE ceatent determinaddysk Bk cThe reaction yieldeder edpolgmzé0 C

tol uene in B

(1o bar prepsatoddRb@BENeidnd stirred at 50 rpmfor 0.5 hour. The
reaction m xture was cooled To the roomtenperature, the toluene was

renoved by evaporation, . the residue was dried under vacuum and then
:subj ected to extraction with heptane using a Soxhlet extractor for 15
hours. The extract was dried under vacuum and the pol y(sil oxane) content

det er m ned gy, BT Biohl ' =] 4% copgl yoer _for mati on.

Exanpl e 2A. Sgll %1? i10r°1 g%ht ?@?ﬁ’gp%‘ﬁ‘}%rgﬁs r gﬁg’@‘%‘% ﬁ@gﬁ‘%&] 9{ RH{YMEYI?BQane)
Copol yier s egltery-Refly(Bpoxysitdxany) Gopolypwry (ar yl ene et her) used in Exanple 2
was dissolved in 140 nL of toluene and 1.5 g of an a, co-bi sanm no- st opped

20 pol y(di met hyl sil @xane). age degree of. pol rizati on =10) wa
| addgd.y(Thle m'it ufle %‘é““r@é%{e@éae‘i%g%%] ’i’ﬁﬁt?fégep%ggm%fofﬁm@g z\)ﬁwass
stirring apoloel imo mefimol abUAARCHPIESTRNSH. blvh@)ﬁ?&fqpﬁaieo. taﬁt@g%{egy due
ac '

was dried undEr vacuum . and then subjected to ext on W he
usi ng a SoXiashed wath srethanehand giriedh wider Pacuumt. r &g ofathigratbrigloehs vacuum

ggod/o Eggor’;ﬁe}ﬁ%%v'gﬁﬁg?ﬁ r?‘fﬂg)g%gﬁggéﬁgggb%m%rg%uﬁg s a'ini[egg steo Clyelacc:)t%rl, ed to
10 heated to 240 °C (10 bar pressure developed) and stirred at 50 rpm for 0.5 hour.
The reaction mixture was cooled to the room temperature, the toluené waé
removed by evaporation, the residue was dried under vacuum, ‘and then
subjected to extraction with heptane using a Soxhlet extractor for 15 hours. The
extract was-dried under vacuum and the poly(siloxane) content determined by

15 FTIR. The reaction yielded 34% copolymer formation.

Example 2A. Solution Synthesis of Poly(Arylene ether)-Poly(Aminosiloxane)
Copolymers

30 g of the carboxylated poly(arylene ether) used in Example 2 was
- dissolved in 140 mL of tolu'el_le and 1.5 g of an a,@-bisamino-stopped
20 poly(dimethyl siloxane) (average degree of polymerization = 10) was added. The
- mi_xtu.re was heated to 100.°C and reacted for 2 hours with stirring at 100 rpm.
The toluene was removed by evaporation, the residue was dried under vacuum,
and then subjected to extraction with hepténe using a Soxhlet extractb-r for 15
hours. The extract was ‘dried under vacuum and the poiy(siloxane) content
- 25 determined by FTIR. The reaction led to 39% copolymer formation.
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WO 01/ 40353 PCTI USOCQO 27906 Exanpl e 2B. Hi gh Tenperature/ Pressure Sol ution

Synt hesi s of Poly(Arylene ether)-Poly(am nosil oxane) Copal
| medi ately after reaction, part of the product of Exanﬁlgéﬁei\ﬁglr pour ed

into methanol to induce precipitation. The precipitate .was filtered, 5
washed with nethanol and dried under vacuum 8 g of this ymtgidephectes .
di ssol VE@ U933 ni of toluene in a Soo-nL pressure stainless steel reactor,
heated to 240 C (ro bar pressure devel oped) and stirred at 50 rpmfor 0.5

hour. T LRN 1k I 0 . [ 0Qm .t enper [ the tol uene
wes remoSiBY 480 sEel 1B R B e s SRR R e T hen

10 . subj ebeedPbly(eminatlokame)@dpolimpeisine usi ng a Soxhl et extractor for 15
hours. The extract was dried under vacuum and the pol y(sil oxane) content .

determined by FITR The.reaction yielded 8% copolynmer._formation. Exanple
2C. Melt Extrusion ﬁ{eﬁggégaﬁerpﬁwgww& t%?ﬁ@?‘%‘@ﬁé@?ﬂﬁﬁ%‘ﬂ%&ane)
Copol yﬁerﬁ%%%d%@&r%ééthtaﬁﬁl ftﬁhyd@deybfé&?pie;ﬁtﬁ{) TR %@éﬁ%@nﬁgg gﬂ?&%&,ﬁer S

pr epar ed described in e_exanples 2A and 2B extru In a PRI SM
ext ruder washwesh withe meshatiali and daeslc rndexd vaenutab| 8 @ .of thie materiadedaspr oduct s -

hept ane. rssofBed i, 42 HETHE RetuBRt i 4, S0o bR Hr i st 18 PhetBronane)
cont ent vwe‘ataﬁ@ﬁ@ E@guﬂ{ar sﬁbﬁevéflbge% 597ed @€ 5hQ PP fOP 6.8 Ry Mer

formation. 24 6- P 2004 WO 01/ 4035 2: Mni-extruder Prism 16TSE.
PCT/ USOQO The 0eagiermixizge wih ceelefl-tol dentosgnidempreaiire 2tte ®18enewasengt h

25D - Zo '}%m]dveasgy Cevapora_tion, the residue was dried under vacuum, and then
10 subjected to extraction with heptane using a Soxhlet extractor for 15 hours. The
extract was dried under vacuum and the poly(siloxane) content determined by L)

FTIR. The reaction yielded 80% copolymer formation.

Example 2C: Melt Extrusion Synthesis of PolY(arylene ether)-
Poly(aminosiloxane) Copolymers

15 3bog_ of the poly{arylene ether)-poly(siloxane) copolymers prepared
as described in the examples 2A and 2B were extruded in a PRISM exinider
under the conditions described in Table 2. The extruded products were dried
under vacuum and extracted using a Soxhlet extractor with heptane for 15 hours.
The extract was dried under vacuum. Poly(siloxane) content was determined by J
20 FTIR. The reaction led to 88 % copolymer formation.
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bi anet er 16 mmZone 2: 275 C Speed300 rpnZone 3:235 C Vacuwgﬁmgeeder: 130
C Exanple 3." 3 g of a poly(arylene ether) derivative I mary
am no groups (Mv = 17200 g/ nmol as neasured by GPC in chl orof ormusing PS
st andar dswod940d5/ g pol y(aryl ene ether) prepared by the praegdsiesigscri bed
-5 above) was dissolved in 14 nL of toluene and 0.15 g of the epoxidized
pol y(di net hyl si |l oxane) was added. The m xture was heated to 100 C and

al | oned t oTLBRES- forﬁnp%mdﬁgﬁaﬁ%iﬁsyg at oo rpm The tol uene was

removed by evaporation, ‘dri ed under vacuum and then
subj ect ed. [g¢ gett 15

"~ ae [
hours. The| extract was dérélrft-agﬁg s Fiﬁ%@% t he pdl y289FGxane) cont ent

det er mi ned on—ed—to-9 % copolyner |formation. Fxanpl es

C(J.\ll.l UTT LI |

'1-3 il lust} rgwtlﬁggthpolﬁﬁl?ar yl ene et her 266?}(& | oxane) |cop®% 9@er formation

depends on he Ccnbl Aat i fa¥al nf f unct Lonalities nr esent an eaCh conponent
.and the rea]éﬁrB‘FFeEondl t16JRET Conver si ohZoBeRhe copol yrmdr sapede 15
conti nuousfly—increased. by sequentjial reaction under thnee sets of feaction
condi ti ons;SBgedst , sol|@darPmeact | on aj ZoAE3E under at o s C pressure;
second, olution readtion at higher tenperature (240 ¢ and hi gher
pressure; |dVatuumird, [mettsedtrusion. Wesderal [ T hr e€ <tq1%[ formed
i medi at elly_subsequent] to each other,]no precipitatio er the second
step is necessary and the reaction 20 solutiton s transferred—dirrectly to a
. devol atilization extruder. Hi gher conversion 25 6 SEP 2004 WD 01/40353

PCT/ USOO 2%%06%331_ be obtained in a.devolatil.ization extruder conpared to a
cl assi cal ro+ extruder, due to better mass transfer in the presence of
a-sol vent. Exanple 4. Melt Synthesis of Poly(aryl ene ether)-Poly(siloxane)
Copol ymers by Reactg % of E’ﬂdlﬂ’[?fﬁ@ne Etﬂé?‘) 9@3@&1@9 oSN ilhSy amino

effectlveness of single-ste or mat
groups {(Mw = 17200 g/mol as measured by GPC in chloroform using PS

standards, 19 NH./g poly(arylene ether) prepared by the procedure described
5 above) was dissolved in 14 mL of toluene and 0.15 g of the epoxidized

poly(dimethylsiloxane) was added. The mixture was heated to 100 °C and
allowed to react for 2 hours with stirring at 100 rpm. The toluene was removed
by evaporation, the residue was dried under vacuum, and then subjected- to
extraction with heptane using a Soxhlet extractor for 15 hours. The extract was

10 dried under vacuum and the poly(siloxane) content determinéd by FTIR. 'fhe
reaction led to 9 % copolymer formation.

, Examples 1-3 illustrate that poly(arylene ether)-poly(siloxane) copolymer
formation depends on the combination of functionalities present on each
compongnt and the reaction conditions. Conversion to the copolymer can be

15 . continuously increased by sequential reaction under three sets of reaction
conditions: first, solution reaction at 100 °C under atmospheric pressure; second
solution reaction at higher temperature (240 °C) and higher pressure; and third,

- melt extrusion. Where all three steps are performed immediately subsequent to
each other, no precipitation after the second step is necessary and the reaction

20 solution is transferred directly to a devolatilization extruder. Higher conversion

25



pol y(aryl ene ether)-poly(siloxane) copolyners by reactive extrusion, and to
conpare the reactivity of different grades of functionalized poly(aryl ene

ether) and reactive silicones, dry conponents in the hngdi cated in
Table 3 were dry bl ended and extruded under the condi%ngngpszga& in Tabl e

2. Co-reactants 10 conprising 2,5-dinethyl-1,5-di(t-butyl)peroxide hexane .
( DHBP) W@ 0p/4IB55-t et ra car boxyli ¢ anhydri de benzene (DI A “155%7936 | ow

mol ecul ar wei ght epoxy (EPI COTE 828, available from Shell Chenical Co.)

were used in sone Exanples. Results are presented in Table 3. 26 6 SEP

2004 WO 8%8‘%%%@;%;1?%}%%@73%&9&1 efrudePeotip@rél 8 a Mdss & Jolythe? N O

ter) zlzz
extruder, due to better mass transfer in the presence of a solvent.

Example 4. Melt Synthesis of Poly(arylene ether)-Poly(siloxane) Copolymers by

Reactive Extrusion.

5 : In order to determine the effectiveness of single-step formation of
: poly(arylene ether)-poly(siloxane) copolymers by reactive extrusion, and to
compare the reactivity of different grades of functionalized poly(arylene ether)
and reactive silicones, dry components in the amounts indicated in Table 3 were
dry blended and extruded under the conditions shown in Table 2. Co-reactants
10 comprising 2,5-dimethyl-1,5-di(t-butyl)peroxide hexane (DHBP), 1,2,4,5-tetra ’D :
carboxylic anhydride benzene (DIANH), and a low molecular weight epoxy -
'(EPICOTE 828, available from Shell Chemical Co.) were used in some Examples.
Results are presented in Table 3.
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-a0C) 00 OOLoLM 00a0%.Or, coMJ ) t 14 0 Or ' .NNNNc' 700co xxxxxxba 00 xxx
aab5 +NN!)." . Q0CTC T/ )YMI 1A )C)Ca)d ) ) PCT/ UsOO 27@6%@') %004 WO
01/ 40353 PCT/ USQQ 27906 As may be seen fromthe data in*“Ta 3 anpl es
AA and 4DVEEH#MSIrate that reaction wll occur between tIrCTOSNRYIE

hydr oxyl groups of poly(arylene ether) and the epoxy groups of

epoxypol y(sil oxane)s. These sanples further indicate that phase separation

phenonena Pmyaypb@;eemﬂomﬁodatamﬁbdﬂ 4 Hxﬁn@lbﬁ@hmiﬂmﬁ RBRSIrAAP that al:f?t#
Ie 4D, 1V = 12), results

nmol ecul ar ht 5 éa | ene. et her
in | ower c"\é\)’ﬁ PEFU; Bihveaq e gﬁma&phﬁ 10Xy g"P OM@MW@N] andathel epoxoup
content t hasy IOQQF@HSJpSW1F6&aﬂ@¢ g'ﬁiesc %gk?ﬂdlﬁpﬁld‘?&ate %} éll"a(?ﬁ a??ﬁ@. | l)\\//v -

40). Hi gher phenol i ¢ cont ent . ray stronger

mr)1| ecul ar Piesogmna pwwéaafraylsmn@m mlc)ndwpolyhmr ﬁqnmﬁmm a@l@ﬂc\i\yﬁﬁlghlﬁ]wgkﬁ[, such
t t n r n r
~copol’yor PP ERE BB EenpED, S0 1 81, SRS Jeiud i vesisoar sreions asranExampl es

»copolymer
4E and almost 8 times higher phenolic end group content than high molecular weight

poly(arylene ethc;) (Example 4A, IV = 40). Higher phenolic content may lead to

| stronger repuision of the low molecular weight poly(arylene ether) by the dpo!ar

poly(siloxane)s, such that reaction between the functional groups is hindered and lower

10 copolymer formation is obtained. Similar results are obtained from Examples 4E and
4K.

Comparison. of Examples 4B and 4C show that reaction of
unmodified poly(arylepe ether) and vinyl stbpped poly(siloxane)s results in
' radical grafting under the extrusion conditions. The presence of peroxxde
15 accelerates the grafting reaction, as evidenced by both molecular weight increase
and extractable decrease observed for Example 4C. Since the products were
soluble in chloroform, higher extent of crosslinking reaction can be excluded.
Use of peroxide in the copolymerization of poly(arylene ether) functionalized
with vinyl groups with allyl-Poly(siloxane) did not increase reaction rate
20 (Examples 4N and 40).

Comparison of Examples 4E, 4F, and 41 indicate that copolymer

formation occurs most readily between poly(arylene ether) derivatized with
carboxy! functionalities and hydroxyl-functionalized poly(siloxane) (Examplé

4F), and least readily between poly(arylene ether) derivatized with carboxyl

25  -functionalities and epoxy- functionalized poly(siloxane) (Example 4I). The
extent of copolymerizal_:ion between poly(arylene ether) derivatized with carboxyl
functionalities "and amino-functionalized poly(siloxane) (Example - 4E) is
‘intermediate. With respect to carboxyl-amino copolymerization, the extent of
copolymerization - is increased with increasing molecular ive'ight\n of the

30 poly(arylene ether) (Examples 4E, 4K and 4L). Use of an epoxy co-reactant
' provides greater acceleration of the reaction between poly(arylene ether)

29



4K. Conpari son. of Exanples 4B and 4C show that reaction of unnodified
poly(aryl ene ether) and vinyl stopped poly(siloxane)s reégeﬂm@b radi cal
grafting under the extrusion conditions. The presence

accel erates the grafting reaction, as evidenced by both nol ecul ar vve| "ght
[ ncreawoe\lz%qsfxt ract abl e decrease observed for Exanple }@‘mﬁ{)ﬂ@ﬁ]ﬁt he
product’s soluble in chloroform higher extent of crosslinking
reaction can be excluded. Use of peroxide in the copolynerization of

I .
glol zl(ary ?‘(J@itﬁoxanet}' gﬁ?bkgltn% %ﬁscejaag\glrk ca’tct ?l)c{)llrl\a?g%gﬁégmgé?&hxaf]es 4N and

40) . Cor(paairples 4L afidadpl.es 4E, 4F, and 41 indicate that copol yner
formati on occurs nost readily between pol y(aryl ene ether) derivatized with

(Bcanpl e amy.  andiressmeiadt ek 2Bbba ot HpBvidr beRtPREL:  2ea
with Carjﬁj}ﬁ?}y}@ﬂe Ethes) dmmd %ﬂmlq)hamhydré:qﬂgm@sadnd epbxyairp(ps | oxane)

(Exanpl e The extent pol yner.i za oly yl epe et her)
Gerd vat oS isoane I RAmBle ot REHSRTION 65 ERENBIS il SOHb AR ErAgL

pol y(si |0?>fl%ﬁ%x}faﬁ§ﬁ‘mn(g;ﬁn§§%dogﬁygdﬁfe% 'Eﬁi’ér?ﬁfﬁth W&ﬂpﬁ?zﬂﬂ@?ﬁd&&zlar

car boxyl no “co he extent "of copofynerization 1Is
i ncr eas ageight fandntfmmatmm@;tynﬂoamntame}é&(bﬁherﬁametﬂeeuho othémngteene et her)

( Exanpl 4E, 4K e tyant rovi eater
Scoel or dleggAtasion peitinol Eplen g BRRRERY: R AATCHBRme I WEEBERH 550" o
01/ 4035%&%*@@,@29@5516ﬁr| vatized with car boxyl groups and
epoxy-functionalized pol y(sil oxane) (Exarrpl es 4L and 4M . Surpri singl y, no

copol'ynmeri.zati on was observed between .p (aryl.ene et he%‘g< gerl vati zed W|th
al 1®hatic hydroxyl g%ﬁﬁ%"tﬁﬂﬁ ’épd’ﬁ?“’ﬁ?@ug‘%‘y?‘@f’t‘ﬁﬁl arrpl e {7
4J). Repg *,I io t?eTf T 8 %oWeE&aﬁﬁQEﬂﬂh;ﬂé 9D 1s°rfno|i‘¥ %’fﬁéﬂéﬂ{ 'f){im

functiona ne et her) a corH_)lara e nol ecul ar  wei ght and
functi onhbnhgdm@t:emaqtam ﬂExample ¢Brrelthe§gﬂu e melepulagpreight of the

extracted product is higher in the presence of the dianhydride co-reactant. This

. may be due to the small size and better compatibility of the dianhydride with
15 poly{arylene ether). Additionally (or alternatively), EPICOTE may act primarily
~asa chain extender for the poly(sﬂoxane), and/ or hinder the extractability of the

poly(siloxane).
Example 5. Properties of poly(arylene ether)-Poly(siloxane) Copolymers

In order to compare the properties of the present copolymers with
20 | commercial grade poly(arylene ether), Example 4A, having 3.52 wt. % )
poly(siloxane), and Example 4C, having 3.85 wt. % poly(siloxane) were selected
for further testing, based on their higher poly(siloxene content and high
molecular weight. Since these samples could not be molded (due to ceating of
the screw ‘and barrel of the molding machine, slipping of granulate in the
25 kneading zone and melt in further barrels), the samples were blended with neat
poly(erylene ether) (IV=0.46 mL/g). Blending of Example 4A and 4C in-a ratio
1:2 yielded a cempusition have a total poly(siloxane) content. -of 1.2 wt. %
(Example 5A) and 1.3 wt. % (Example 5C), respectively. Two commercial grades -
of pely(al_'ylene ether) were extruded and blended for comparison. The first '
30-  (PPE-1) comprised 95 wt. % poly(arylene ether), 2.5 wt. % polyoctanylene, 1.5 wt.
30



-degradati on of neither poly(arylene ether) nor the pol y(5| | oxane) was
observed during reactive extrusion. 10 A co-reactant 80 12[ for
reaction between hydroxyl functionalities. The epoxy *to-feactant (Exanple
4H) is nw@ordsxi ent than di anhydride co-reactant (Examicaddehzyddlst hough
‘the nol ecul ar weight of the extracted product is higher in the presence of
the dianhydride co-reactant. This may be due to the small size and better

G L T o
pol y(sil Oéﬁﬁfl‘),,loa.ﬁ@f’ ol ngeme%p Q??élhéhf-‘y{’w Sgg%olaégm | o ne)

Exanpl e 5. op)grtles o] poly(arylene e l rs In
.order to 8 eRtre Goppanisancef the tensile rmemc&)ri@bdffﬁ)"tﬁhéd {sfreng®h,

conmer ci a 4A, havin 52 wt, %

pol y(si oiagsé g*'l’}féxvi}&}£ Qﬁé‘ﬁr{%@&lw @.eg%"&fnw%"ﬂﬂ?? FF@%%?F@FIQM e

.sel ebted ré&mﬂancﬂfﬂ&?mleshowg inTabdeqon their higher poly(siloxane content
and high nol ecular weight. Since these sanples could not be nolded (due to -
coating ofr b]te screw and barrel of the nolding machine, slipping of

granul ate’in e 25 kneadi ng zone and nelt in further barrels), the sanples
wer e bl enged—wi-th—rneat—poty{arytare—ether) {1 V=0 46 m/qg) Blending of
Exanple 4A and 4Cin -aratio 1:4 yielded a cﬁi‘ﬁ%@ﬁ@on have a to} al

pol y(silgxane) conient sof 1.2 wt. Wle SA) and 1.3 wt. % (FExanple
50), respectivel y. TR mrer ci al gr s |of 5ﬁ)l y aPPEene |etRRER wer e

" extruded lgng u. c..ucd for—conpari-san—The flirst 30| (PPE-j) Iconprised 95 wt.
%poly(arm ﬁ%‘f? 2.5 wt. %rolﬁé&aryleﬁ@,l 5 669 30 &4% EA 2004 WO
01/ 40353 , Ad it The setond (PPHE-2) conpfised
84,5 wt. [P0 YEaryl ene ether), to 302 %ipo?3Ask yf era312. § w4386 |

Pol yoct arnek: Fwt % ipol yet hyl ene. Conpari sonf of the
tensile p&&%grspieé& | zod not ched $t rédgth| O64mact sbz.gngtlh, 7¥ixcat} B, nelt
Vi scosit)Wd_e_pw_mmal stress cfacking {5 resistance (ESCR) is
shown in Strain 5.8 54 5.7 54

Max. s;ress 1 733 64.4 67.3 72.2
Elongation to break 29.5 10.4 16.4 6.5
Impact“(notched, 23°C) | 6.1 7.1 18.3 16.6
ESCR (0.7% strain, sec) 230 | 35 73 44

| Vicat-B (120°C/hour) 200.5 205.4 207.6 189.9

As can be seen from the data of Table 4, most of the properties vary within a
narrow range, the only substantial differences being in the impact properties
(where poly(arylene ether)-1 and poly(arylene ether)-2 are superior), and in

10 ESCR (where Example 5A is superior). Optimization of the present copolymers
by use of additives (such as those present in poly(arylene ether)-1 and
poly(arylene ether) -2), provides access to new an engineering thermoplastic
copolymers havmg advantageous property profiles.

Example 6. Preparation of Allylated Poly(Arylene ether)
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Tabl e 4 Sanpl e No. Property5A5CPPE-1PPE-2 W (1500 sec-l) 428400669340

Modul us2402221922312438 Yield stress73. 364. 467. 372. 2 Yi SE.@@{]U#S 8 5.4
5.7 5.4 Max. stress 73.3 . 64.4 67.3 72.2 Elongation to break 29.5 10.4
16.4 6.5 Inpact (notched, 23C)6.17.118.3i6.6 ESCR (0.7% strain, - '

sec) 23039 dofdsavi cat - B (1200 hour) 209. 5205. 4207. 6189. 9 ASPCEOSOIR2786EN T T oM
the data of Table 4, nost of the properties vary wwthin a narrow range,
the only substantial differences being in the inpact properties (where

pol y(aryl ene et he_jzp 1 and pol y(aryl ene ether)-2 are superior), and in 10
ESCR (where Exanplk® &solption gpdiainipg 200 ¢ rﬁomt%@wdlmﬂmla 4pbenyleneopol yrer s

ol y( ar yia WM 090 MR s3fod U RoBlei 28l Wbl P ST P SR B rop st i
copol ymephehewrdrgaddbieps aﬂEQoszgpﬁmD)eM Ml)ﬂrtﬁbtﬂxdé 5 EiiErEH"aes@% Raenqration of
Alylat %gluliﬁ)lnygﬁ\crl 31 ?I?f o% a sulzfactant (Adogen 464). The reaction was stirred .
5 overnight at room temperature. After this time the product was precipitated
from solution by addition to methanol and the polymer was isolated by filtration.
The isolated polymer was dried overnight in vacuo. Yield = 91%; 'H-NMR
(CDCl;, TMS) 3 2.10 ppm (s, CH; from poly(arylene ether) repeat unit) § 6.40
ppm (s, Ar-H from poly(arylene ether) repeat unit) 8 4.25 ppm (OCH,CHCH;, d,
10 2H)#5.30 ppm (OCH:CHCH, H-trans to OCH., d, 1H) 5.40 ppm (OCH.CHCH,, )
H cis to OCH,, d, 1H) 6.10 ppm (OCH,CHCH:, m,, 1H); allyl content = 270 pmol/g; \)
gel permeation chromatography (CHCl,, polystyrene standards) Mw=11,400;
Mn=5,600. |

Example 7. Preparation of Poly(arylene ether)-Poly(dimethyl)siloxane
15 Copolymers '

To a solution of toluene containing 18.72 g of the allylated
poly(arylene ether) of Example 6 was added 33.32 g (3 molar equivalents based
on allyl) of hydride-capped polydimethylsiloxane (DP=52; 620 ppm hydride
endgroup). The solution was treated with 0.66 g of catalyst and the reaction
20 mixture heated to reflux. After heating for 8 hours, the solution was allowed to o
cool and the polymer was isolated from solution by precipitation into methanol. Ed
The isolated powder was dried ovemight in vacuo. Yield = 95%; *H-NMR.
(CDC15, TMS) & 2.10 (s, CH, f_rom poly(arylene ether) repeat unit) 6 6.41 (s, Ar-H
~ from poly(arylene ether) repeat unit), 5 0.08 (s, CH, from siloxane repeat unit,
25 s, XH) d 3.67 (OCH.CH.CH.Si, t, 2H); Disappearance of allyl resonances in *H-
NMR spectra indicated complete reaction. Gel permeation chromatography
(CHC1;, polystyrene standards) Mw=35,400; Mn=15,300

Example 8. Synthesis of Poly(arylene ether) Poly(dlmethyl)sﬂoxane Copolymer
Blends with Poly(arylene ether)
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2H) 8 5. 3CoIppout

.31 6 SEP 2004 W)01/40353 PCTI US00/ 27906 To a sol ution conéél ning 200 g of
pol y(2, 6-di net hyl -1, 4-phenyl ene ether) (M=l o0, 000; ﬁ%

content =310 pnol/g) dissolved in 1 liter of toluene was. added 25 (0.29
mol ) of @ld palgebgzom de, 5 nL of a 50% NaOH sol ution and 3 ppasfuedre0s

"surfactant (Adogen 464). The reaction was stirred 5 overnight at room

tenperature. After this time the product was precipitated fromsolution by

addition to nethanol d t he ynmer was a by filtration. The

i sol at ed poI yrrer wads § ?‘@B‘%qgﬁﬁ%ﬁﬁnpﬁsbi&?}aé }Rﬂd@[@y lergietherdiandNke ( CDCL3,

™S) 8 2. P\ 0. 40 pp

(s, Ar-HTrom po@é_laryl eﬁdtlaﬂg? hg{rwre%‘ggwﬂﬂ?@%dgﬁ‘%%ﬁ%%@ﬁ 2, d, 10
MCHCWelding Engineens ©@hi scbw kkfruBed Git ppyn CECHPREICH?,

i d . | , I = /g;
o= 1o Oyt S BASIRAEGE S LT ot 2 o :

. Mh=5s 6000?@@{@&%3111 WSl ded :&%1@; m 4 gg%h?lfggl injection molder. The

ether)-P y(d| met hY si | oxane Copol y on _
cont ai ni regsali dﬂdsamplai; w;ereitmbbd foo fiage seteave oeii}’at’))h—mi:hﬁéﬁiﬁpése 6 was
added 33. %mg ﬁ f gw va ent a.sed on aII of dr| de- capped

pol ydi net Z(?)‘il @ c?lﬁg g]Pac edsagmlenfon was

treat ed vmdlmr(ﬁﬁl aﬂfaoﬁpb?(é[@ﬂerfﬁ‘éihé reactl on 20 mxture heated to
reflux. After heating for hours, the solution was allowed to cool and

the pol yner was isolated fromsolution by precipitation into nethanol. The
i sol ated powder was dried overnight in vacuo. Yield. = 95% 1H NWR '
(CDC13, TMB) 8 2.10 (s, CH3 from poly(aryl ene ether) repeat unit) 8 6. 41
(s, Ar-H from poly(arylene ether) repeat unit), 8 o0.08 (s, CH3

from si |l oxane repeat unit, 25 s, XH) d 3.67 (OCH2CH2CH2Si, t, 2H);

Di sappear ance of allyl resonances in 'H NWR spectra indicated conplete
reaction. CGel perneation chromatography (CHC13, polystyrene standards)

- Ma=35, 400; M=15, 300 Exanple 8. Synthesis of Pol y(aryl ene
- et her) - Pol y(d| met hyl ) si | oxane Copol ymer
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Bl ends with Poly(arylene ether) 32 6 S EP 2004 WO 01/ 40353 PCTI US00127906
As shown in Table 5, various blends of poly(arylene et her)ﬁﬂ L

pol y(aryl ene et her)-pol y(di net hyl sil oxane) bl ock copol y VEXE&#I e 7
were conpounded in a Wl ding Engineers twin screw extruder at 590 OF. The
resulti\ﬂ? fidssddate was then quenched in a water bath angicpekéegihéed, and -
‘the 5 p Petlzed resin was nolded at 610 F in a 32-ton Engel injection

nol der. The resulting nolded sanples were tested for flane retrace on

i / 16t h- |,ﬂ§g agpl es, and N-1zod Notched.inpact strength in conparison with
a nol ded comerci al grade of poly(arylene ether). 33 6 SEP 2004
WO 01/ 40353 TABLE 5. PCTI US00I 27906 Sanple Co- W. % UL-94 UL-94 N-1zod

No. PPEpdl samaplel FOPHBed) R&oF ng[ fWt. %l Os/ Ulsb)y 1L00LGPT7. RViZda -
299. 60. 40. P32} 4V- 00. S?&ﬁﬂeZ D. 88i 3922P0F\(s6. QZRA% 41. 60. 784- 19. O0V- 00. 85
597. 83. 31. 56826} 2V-00. 95 ¢ (ft- ‘
-1bs/inch)

1 1000 | O 0 57.2 V-1 0.83 )

2 99.6 0.4 0.196 32.4 V-0 0.92

3 99.2 0.8 0.392 - 20.5 V-0 0.92

4 99.4 1.6 0.784 - 19.0 V-0 0.85

5 97.8 3.2 1.568 26.2 V-0 0.93

6 90.0 10.0 | 4.90 _ 128.3 - Fail 2.21

A As can be seen by the above data, addition of small amounts of a

~ poly(arylene ether)-poly(siloxane) copolymer to poly(arylene ether) reduces the

5 . total flame out times in 1/16" thick UL-94 specimens by approximately half and
improved the rating from UL-94 V-1to V-0. Although addition of higher levels
significantly improved the impact properties over the control poly(arylene ether)

resin control, an increase in total flame out time and poorer performance in the

UL-94 flame test were also observed.

10 While preferred embodiments have been described, the invention D
is not limited to those embodiments described herein. -
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690. 010. 04. 90128. 3Fail 2. 21 As can be seen by the above data, addition of
smal | amounts..of —_a polylaryl ene ether)-poly(silo ) co r

poly(aryl ene ether) re(*_es.the total flanme out tées |n€1$i{g{§ 2@@& UL- 94
--speci nens by approximately half and inproved the rating fromUL-94 V-1 to
*V-0. Al though. addition of higher .levels significantly inproved the inpact
'propert | a§havR clhifedgntrol poly(aryl ene ether) resin control, an increase.
“in total flanme out tinme and poorer .performance in the UL-94 flane test
-were al so observed. 10 Wile preferred enbodi ments' have been descri bed,

. the invénti on 11 s. dotmethid dor tsyntHease cﬁnb@ﬁ'ga’f?lén% eara-posdsiiiple). 34 1 -6
. SEP 2004 e is clained is: | _ -A nethod for synthesis of- poly(aryl ene.

ether) p&PHP m%ﬁa?@?pnﬁ'ﬁﬂol ymers, conprising (a) solution
- functionalization of a poly(arylene ether) having the . .structure (1)

‘wherei.n each Q is de rou sistin
hal ogen, a prinar f}‘ﬁ %@%ﬁ tfh?fct??{(a ?}ag{?’béﬁ WF%%P?Sﬂ?ef?Bﬁ‘"Hgdhﬁ
:car bon ‘astasture ptienyl , hal oal kyI am noat kyl , hydrocarbonoxy, and-.
-hal ohydr ocar bonoxy wherein -.at Ieast two carbon atons separate the hal. ogen -
and oxygen atoms, each 2 is . independently selected fromthe group
consi sting of hydj' 0ger, halraen ’di 0° 8I’I naby‘ or secondary al kyl group-
“having from1 to h af t qms, 2 phenyl, hal oal kyl, ami noal kyl ,

" hydr ocar bonoxy, | ohy “anpongxy ke ei_n at | east - two carbon atons
separate the Ra 5 oy drggen, a  hydroxyl, .or a
_conbi nation theregfq~fand nfi$-af in ege -,. ing an average value in the _
range -from about g Q300, toi{fq ct i onal i zed pol y(aryl ene ether)
15 having the strécturd (2) 72 . ?2) e|n Q,, Qr. and m are as defined'
.above, 4 is a hydrogen; X, or a conbination thereof and Xis a react -ve

functional group selected fromthe
5 wherein each Q is independently selected from the group consisting of halogen,

.a primary or secondary alkyl group having from 1 to about 7' carbon atoms‘ ..

phenyl haloalkyl aminoalkyl, hydrocarbonoxy and halohydrocarbonoxywhere:n'

-at least two carbon atoms separate the halogen and oxygen atoms, each Q, is .

: _lndependently selected -from the group consisting of hydrogen, halogen, a |
10 primary or secondary atkyl group having from 1 to about 7 carbon atoms nheny!
haloalkyl, aminoalkyl, hydrocarbonoxy, and halohydrocarbonoxy wherein at least
two carbon atoins separate the halogen and oxygen atoms, Q, is a hydrogen, a
hydroxyl or a combination thereof, and m'is an integer having an average value

in the range from about 3 to about 300, to form functlonallzed poiy(arylene ether)

having the structure (2)

wherein Q,, Q,; and m.are as def ned above, Q, is a hydrogen X, or a
combination thereof, and X is a reactive functional group selected from the
35



35 6 S E P 2004 group consisting of anhydride, epoxy, car o X
R CO2Rz, RICH 2=CH2, and vinyl, wherein R is a. pri nary%ggggc&ﬁ@gr_{y

di val ent al kyl or hal oal kyl group having from1 to 20 carbons,or an aryl
~group and R2 is a primary. or secondary al kyl group having from1 to 10
carbons; and (b) copol ynerization by reaction of.functionalized
“poly(arylene ether) (2) with a poly(organosiloxane) having structure (3):
Y-Ax- S| gr&pcohsiétmg)ofﬁh?ir&e!%poﬂy, Rarboxyt, AOH( RIEbR?R (3) wherein each R'is

i ndependent |y sel ected fromthe group consisting of a prinmary or secondary
al kyl. gr JB-HalHy andwinghavheseiroRe iy gawsnary givi sagopdary dvadgialy! ofal oal kyl

gr oup - havi r ryl, ar 4.ng from6 to 12
- Sarbons. oahdiRoRBhvhd i (g HiGne I abichy HoBHRAITE PR arkiFRe 1°

t her eof ;" gt deondayhRGPGrIP\iih@irof €490 caoles; fan@m about 3 to about 500.

inclusive; Ais a’substituted or unsubstituted aromatic group having .from

6 to about 18 carbon atonms, or a primary or secondary dival ent saturated °

or unsaturated al ki) - greenelymerizatian kinfepction ablunctigpakizadeelytarglene x is

" zero or e; d.Y i's funct i.ponal oup reacfiv ith X. selected from
Ehe or ougthen 2 ith 4, Seforfos Rrpnel VB GEREiTAE | car bowy. - CLO) GHOGH
and "hydrogen, to forma poly(aryl ene ether)-poly(siloxane).copolyner,
wherein solution funpcti | i gati on and copol yneri zation are a.continuous -
process 2. The rret-h% of Zﬁaa' 8,2 wherein copol ynerization is by solution
copol yneri zat ipa-A ol .Ii Shy- l?t_ggpql yneri @)t I on. ,

R R

R
.n

whereineach R i§ .independently selected from the group consisting of a p'rimary '
or éecondary alkyl group 'havi_n,g from one to 12 carbbns,-a primary or secondary
haloalky! group having from one to twelve carbons, an aryl group having from 6
“to 12 carbons, an aralkyl group-havin-g from 7 to 18 carbdns, and rﬁixtur_es
-thereof; n is an integer having an average value from about 3 to about 500
) iﬁc!usiv'e; Ais é substituted or unsubstituted aromatic group haviﬁg_from 6 to
about 18 carbon atoms, or a primary 6r secondary divalent saturated ‘or
unsaturated alkyl group'having from 1 to about 30 lcarbon atoms; x is zero or
one; and Y is .a %unctiona( group reactive with X, éelected_ from the groub
consisting of —OH, —CH,=CH,, epoxy, 'aminb, carboxy, ——C(O)CHZO_H, and |
. . hydrogen, | E |

to form a poly(arylene etﬁer)~poly(sitoxa_né).copolymer, wherein -

solution functionalization and copolymerization are a continuous process.

2. The method of claim 1, wherein copolymerization is by solution -

copolymerization followed by melt cop_)olymérization.'

. 3. The method of claim 2,. further comprising isolation of the

_ poly(aryléhe ether)-poly(siloxane)copolymer.
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3_ The method of claim2,. further corrprlsmg I sol ation of the-

- pol y(aryl ene et her) - pol y(S| | oxane).copol yner_:36 .6 SEP 2 HTl;t‘ ~rethod . -
of. claim .3, wherein the. nelt polynerization and i sol atqi&SEl Tdﬁ@ze o

-copol yner. are ‘by devol atilization extrusion. 5.- The nethod of -claim 2,

wher €in the .solgut i OTHEORRINGER '0f 24P B, | Whéleid tﬁer.atett pERRIBEULA 2Rd
pressure,.and a second tenperature and pressure, wherein the first

"t enper at utselaim of the evpolymenae Umgtolalldlzatlohexkasmnd t enperature and
. pressure.”’6. *The nethod of ¢l'aim5, further- conpri sing |soI ation of the"

et e ne et ol PRaeba BRI BhelRte fouict ropals W»S{onﬁls%' B‘f
ethyt cAdSt ety 8 leodlie, SPHPESonE Byt A rReleD | °

—ether): pblvhéﬁalh otten diystc eanpyratirenzingh pressure agadbiven thaeduhé Sécond
-.a.functional i zed poly(aryl ene-ether) having the. structure (2)" (2) wherein
‘each Q i lempRiabEa @A PESSUE: ect ed from the -group consisting of hal ogen, a
primary or secondary. al kyl group having from1l to about .7.-carbon-atons,

_ phenyl, hanaI Y, (oF:1| y agb cai b
. Wwherein. tl:'(I easﬂ?v@%ﬁé oAnf g(gﬁs%sgggﬁé[ &tr}ldl% ﬁﬂg égﬁtaq%%h ? xgb%n

at ons; a;gd] |bﬁeléﬂmwmdmnb(ﬂj er.hal ogen, a primary or- secondary
atkyl .group having: from1l to about car bon- at ons, phenyl, hal.oal kyl,. -:

am noal kyl , hydrocar bonox or _haf ohydrocar bonoxy wherein at | east two
carbon at ons s@par athke trﬁ%f“lﬁdlgfy@lﬁ"mﬁarvﬂlemygﬁlﬁ m%ltrmolymaszata@n iandeger

havi ng an Ve val ue ,i-n the e "about 3 to about
300; Gt 119 G BT i csolhet 3 b ﬁ%‘fﬂh‘"%ﬂtnrhs%&sﬁw and Xisa
8 The method of claim 1, whereln each Q, is methyl each Q, is

hydrogen and each R is methyi.

9 A poly(arylene ether)-poly{siloxane) copolymer which is the

reaction product of a functionalized poly(arylene ether) having the structure (2)

whereln each Q1 is lndependently selected ffom the group consnstmg of halogen
a pnmary or secondary alkyl group hawng from 1 to about 7 carbon atoms
5 phenyl haloalkyl aminoalkyl, hydrocarbonoxy and halohydrocarbonoxy whereln
at least two carbon atoms separate the halogen and oxygen ‘atoms; each Q,is
independently hydrogen halogen a primary or secondary alkyl group having:
from 1 to about 7 carbon atoms, phenyl haloalkyl ammoalkyl hydrocarbonoxy,
or halohydrocarbonoxy wherein at Ieast two carbon atoms separate the halogen

10 and oxygen atoms; m is. an integer hav:ng an average value in the range from
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‘TeactiveVvPuhnery 6hal grgmp sel ected fromthe - gro consisting of - R1OH,

a

R C2R2, -R CH2 CH2, vinyl, wherein R is a pMnmary oOr~S@¢qs
divalent. alkyl or haloalkyl group having from1 to 20 ca@b‘ggd@m‘an aryl

'.group and R2 is a primary or secondary al kyl group having from1l to 10
*. car bons. \abbhtatp@b;o@bﬁgan@slsl ahydregenh Xy ong combipativrethesgof, RndX iw@ S i--p

3) R -~ AX- -
grz)m t he’%"i"?ﬂ)’& é@?@t%‘?t Y oypP ﬁelﬁm{]er?g?l 4 e %]@?Bmatlz?r}%é end%gro p la\?ﬂlgd' ~
from O“Gﬁ'ﬁd%mﬁ)é?ﬁscm Bhd ngl’ou erﬁﬁﬂ@”ig ﬁrimgg &aéé&\f)'ndg Qafé‘?at" ng from

one to twel'vé carbong, "af’ ar avi ng r-om to 12 ¢ ons an

~aral kyl  anguer wami@mmwavﬁ@ fiémchtdzMsarbaing, of an anégrdjrﬂamdﬁi‘iﬂﬂ nis

- hydroxyl, ~.epoxy, cBrboxyR, -

~anint eger "having an average value from about 3 to about 500 inclusive; A

is-& subprlmanr@usgﬁom@w@ Yhaieer havigdrem Gianl® casansg - fromé to about 18

. carbon atons, or ‘a primary or secondary dival ent saturated " or.

" unsat ur at ed aI I fr .carbon atons; X is zero -
or one; . and ¥ ggwfggﬂé%%?%ﬁa%tﬂﬁeﬁﬂgﬁ“}e OH or R C2R2; Y is vinyl

. or 15 aIIy) when X i's vi nyI or allyl. 10. The copol yner of claim1, wherein

lgzs hydrogen. . 11. A nethod for the
her) - pol y(si | oxane) copol yners, conprising
i—aapety(aryl ene et her) having at least two
nl t he group consisting of anhydride, o
RH, R CO2R2, -R CH2'-CH2, allyl, and vinyl,
wher ei.n R ‘is a primary- or se‘?:ondary di vaI ent al kyI or hal oal kyI group
having from-1 to about 20 - 38

wherein each R is independently selected from the group con5|st|ng ofa pnmary -

each Q, is nethyl and
manuf act ure of pol y(aryl eﬁe e
20 sol ution cepaly¥Serpdasi-c0
functional groups sdlectled fr

L or secondary alkyl group havmg from one to 12 carbons, a primary or secondary

haloalkyl group having from one to twelve carbons, an aryl group having from 6

‘to 12 carbons, an aralkyl group having from 7 to 18 carbdhs, and mixtures

 «1'0 ‘thereof, -n is an integer having an avera'ge value from about 3 to about 500
“inclusive; A is a substituted or unsubstituted ardmatié group having from 6 to

about 18 carbon -atoms, or a prirary or secondary divalent saturated -‘6r,
unsaturated alkyl group havmg from 1 to about 30 carbon atoms; x is zero or

one; and Y is ~OH or —-C(O)CH,OH, when X i is ~ R‘OH or R'CO,R?% Y is vinyl or |
15 allyl when X is vinyl or allyl.

10. The copolymer of claim 1, wherein each Q, is methyi and each Q, is

hydrogen.
1. A method for the manufacture of poly(arylene ether)- pon(suloxane)

copolymers, compnsmg

20 : solution copolymerization of a poly(arylene ether) having at least
two functfonat groups selected from the group consisting of anhydride, hydroxyl,
epoxy, carboxyl -R'OH, R‘CO R?, -R'CH,=CH,, allyl, and vinyl, wherein R'isa

primary or secondary divalent alkyl or haloaikyl group having from 1 to about 20
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“w -0 S L?ZUl carbons, wggan aryl group and R2 is rimary or secondary
_alkyl group having : from1 to about 10 carbons, Wthh@ "’IS)/(g] xane)
- havi ng at Ieast tvvo functional . groups sel ected fromt %roup consisting -

fﬁ;dr ggen- er el nﬁfﬁé}‘%@@ gt'd&a'ggj%%ﬁ‘w%to eﬁqn 5?%”9 Eé&'ﬁg\aflgdw th.
the functfismal todtseis m&arbbﬁs RRky éé}idl;lv(%tt&aﬁtég?{gbﬂ?amlg& tSProCiQsPrB{ r ' Zat on

o pol y(sifoxane. the poly(arylene et h he e

cl ai m 11,970ups ﬁ@tecéﬁﬂrﬁomsthﬁgglmqﬂ consisting of hOH, p@HOH), @pexy, amino,
et-her) - pal srlo%mgﬂ ﬁ)‘t Tge met hod of claim 12, wherein the .

mel t pol Y atT s‘ﬁt‘ﬂt ally. andmedregen. yherein the pply(siexans)| i zat i on
“ext kusi o al

copgl yrrerIIP ugcitﬁngl@?glﬁ% 4R r&}ctﬁ)eaw #égrfwﬂ%@%réfgﬁpg OJL{};‘Er%‘?'VWeQes econd
“t enper at etlergrahdressure, wherein the first tenperature and pressure are
“lower than -the second tenperature and pressure. 15_ The net hod of claim-

- 14, further conprisi ng i sol.ation of the poly(arylene
et her) - pol-y(si | oxam8lE opeirglmerization Teé. theet poky(aylesicai éthed, antetbéen t he

“nmelt pol; |- n and isolation of the copolyner are by devolatilization
ext rusi oégﬁié}ﬁﬁ%hg met hod of "claim 1, wherein the poly(arylene ether is
pol y(2, 6- dinethyl-1,4-phenyl ene ether). . 18. A nethod- for synthesis of

pol y(aryl ene ¢gher Fhpomesod wfabRim 130 furth60RSMBISy n§8|596ﬁ$bf“ithé9 0 (a)
sol-ution funct i onal i'zation of a poly(arylene ether) havr n ' :
‘po y(arylene ether)- poly(suoxane)copolymer ' :

— 13.  The method of claim 12, wherem the melt polymenzatron and_

isolation of the copolymer are by devolatlllzatlon extrusion.

_14. - The method ofctaim11 wherein the solution copolymerizationisat -
a first temperature and pressure and a second temperature and pressure,
_wherem the first temperature and pressure are lower than the second

temperature and pressure

15. The method of claim 14, further comprising iso_!atioﬁ‘of the

poly(arylene ether)-poly(siloxane)copolymer.

16. - The method of claim 15, wherein the melt polymenzatron and

rsolatton of thé copolymer are by devolatlllzation extrusion.

17.  The method of claim 1, whereln the poly(arylene ether is poly(2 6-
drmethyl—1 4-phenytene ether).

18. A method- for syntheSIS of poly(arylene ether)—poty(srloxane)
10 copolymers compnsmg
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structure (5" @". M" 1, @ m6 S E. 2004 ({gwherein al;ﬁﬁﬂ S
. i ndependently selected Tromthe group consisting Or" hal ogeﬁ % p. %ry or
secondary al kyl group having from1l to about 7 carbon atons, 5 phenyl,
*hal oal kyl , am noal ky dr ocar hon hal oh ocar bonoxy wherein at
| east two carbon at‘@&rﬁ Eﬁ'ﬁ&r fypetiqn 'ZHHPB @ BAl( %’Y[ﬁﬁ@n ‘Z‘PMZ‘"BQ heQZ i s
1 ndependg{HJHﬁ éaggct ed fromthe group consi.sting of hydrogen, halogen, a
pri-mary or seco ry -al kyl group having fromI| to about 7 carbon atons,

phenyl, hal-oal kyl, ami noal kyl, hydrocarbonoxy, or hal ohydrocarbonoxy
“wherein at |east 10 two carjpbon atorg separate the hal ogen and oxygen atons,

@B is a hydrogen, con8Mnation thereof, and mis an
~integer havi NgQ AN/ @0 de/ﬂa‘n from about 3 to about 300, to
formfunctlonal/e : hgvi ng t%)structure (4) &4
S Q-rli=tiQ @J_\J_@‘Q),( @4n @, and mare as _
defi ned above, 4 Is a. hydro . or a 15 conbl nation thereof, _and Xis

a reactive functional fromthe group consisting of
anhydri de, hydr oxyl’, epoxy, carboxyl, -R OH R C2R2, - R CH2=CHZ, and -

vinyl, wherein R is a_primry. or secondary di val ent al kyI or  hal oal kyl -.
group ha¥PREEip ﬁ@ﬁhpﬁlﬁI@@n@aﬂsaﬂxsel@rst%fﬂawr'e greiRcoNfisting afhalogan. nary” or

Seco“daré( Ay 8F QUBoARN, Wik ¥BLD K& £festh bogs ab%ﬂf’? carbon atoms,

' 5 phenyl, haloalkyl amlnoalkyl hydrocarbonoxy and halohydrocarbonoxy wherein
. at least two carbon atoms separate the halogen and oxygen atoms each Q, s

' C - lndependently selected from the group consisting of hydrogen halogen, a |
- primary or secondary alkyl group having from 1 to about 7 carbon atoms, phenyl,
_ haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least
10 ©  two carbon atoms separate the halogen and oxygen atoms, Q, is a hydrogen, a
_'hydroxyl, and a combination thereof, and m is an integer having an average

value in-ihe range from about 3 to about 300, to form functionalized poly(arylene '

-ethe.r) having the étructu_re (4)

Q x
4 Q.
e Y e SN S
P \2—0— /)‘0 A (4)
Q7 \_7qq I_: Q, | Qi Y 7Qr
2
[ Im

wherein Q,, Q,, and m are as defined above, Q, is a hydrogen, X, or a
15 combination thereof, and X is a reactive functional group selected from the
group consisting of anhydride, hydroxyl, epoxy, carboxyl, ~R'OH, R'CO,R?
R'CH,=CH,, and vinyl, wherein R' is a primary. or secondary- divalent alkyl or
haloalkyl group having from 1 to 20 carbons, or an aryl group and R?is a primary -

or secondary alkyl group having from.1 to 10 carbons; and
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40 UO _ MU' E ~I (b) -copol ymeri zati on byjildeaction of : _
. functionalized poly(arylene - ether) (2) with a poly(organosil oxanej havi ng -
.structure (3)r RR | ~l Y-AX- i i-0i-O RRRP). V\herelrgragz ks |
"4 ndependent |y sel ected fromthe group consisting-of a primary
- al kyl- group havi ng b} omppelymesization dyr mﬁlonaofpﬁqn@hwaimedse@lumﬁepes

hal oal kyl omone, to t ve Cg n aryl group having -
from6 %ﬁﬁg%gé}”ﬁﬁ 80'5#'8?3?%3’(38 Xﬁﬁv'ﬁ'g\ﬁ ll"'leo(r:?? 7 to 18 carbons, and
m xtures thereof;. n is an integer having-an average val ue from about 3to
about 500 i ncl u5|ve A ubstituted or unsubstituted aromatic group

- having from6 to. ' r Qon at ons, or a primary or secondary .

di val ent satur@Leg sat-ad--g kyI ﬁp having from| to about 30
carbon atons; x is. zlero éfand Yis a f ctional group reactive with-
X, selected fromtheR’ grpdp ¢oRsisting of -OH -CH2:-CH2, epoxy, am no,,
“car boxy, -C(0)61-1201-1, ~and' ~ Mhydrogen, to form a pol y(aryl ene :

et her) - pol y(sil oxane) copol ymer, wherein 15 solution functionalization and
copol yne éj,ol!s? (ggﬂsleg 18, .
“wherein %ﬁ%g‘%@%@gﬂepéhg o} cﬂ?{&%ﬁﬁﬁ%g%@el 9&% zatr oﬁlg%ﬁdov\e%wby mel t

copol yneor satoradary 2lkyl Freup hating tront oné to mﬂi:ﬁrbdnscetpemmyrquesomnjerysol at.i on
of the P'o aryl ene_ et her) - pol y(sil oxane)copol'ynmer. 21- The nmethod of .-
cl aPm 20! mﬁm groumbavpgfigse opRdpitwgiveAArBARS, an 3/ grquphaying frem Bpol ymer

' ar e by d? Cibaééﬁb ?’ngt %ﬂ r%W Léﬁbl?ﬁ' ha%g from 7 to 18 carbons and mrxtures

thereof nis an mteger havmg an average value from about 3 to about 500’

a rnc!uswe Ais a substltuted or unsubstituted aromatic group hav:ng from 6 to .'

7
H

about 18 carbon atoms ‘or a primary or secondary drvalent saturated or
10 unsaturated alkyl group having from 1 to about 30 carbon atoms; X is zero or |
one; and Y is a functional group reactive with X, sere(';ted from the 'group
consisting of —OH, ——CH2-—CH2, epoxy, amino, carboxy, -C(O)CHZOH and'
‘ hydrogen

to form a poly(arylene ether)-poly(siloxane) copolymer, wherein =~

15  solution functionalization and copolymerization are a continuous process.

19.  The method of claim 18, wherein copolymerization is by solution - N

' copolym'erization followed by melt copolymerization'. ‘

20. The method of claim 19, further compnsmg isolation of the

| poly(arylene ether)- poly(srloxane)copolymer

21. The method of claim 20 wherem the melt polymenzatron andA

__rsolatlon of the copo!ymer are by devo!atrhzatron extrusron
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1 i 6 S EPZ0022, THgnethod of claim 19, wher @@ the soI ution

., copolynerizationis at - a first, |-ow tenperature and pr r[__'[q;) @%
. second, higher terrperature and. pressure 23 The net hod ©f ~cl ai

nfurther corrpr sol a

« et her) - pol y(s xa é)ec'ﬂﬁh'lcﬁdrhrcia' %}ﬂ%&"r’r&? ﬁ%'&"B'F %ngm%at'm\‘/\ﬁ@iel n the
nmel t pol | i zation
el ¢ PO HTREL 6k Bgahthurs SPHicatuRl drFacershirRone! torfbcRaucl any | 2at |
is hydrgm,ur@_nd each Ris nethyl. . 42 U A 08CN08772 0 -6 SEP 2004 .
SYNTHESI POLY( ARYLENE ETHER) - PO_Y( SI LOXANE) CCPG_YIVERS ABSTRACT OF THE

DI SCLOSURE . A net hod conpri si synt hesis of a_pol y(ayylene her)
havi ng the st Pdct uré'e( meth@ﬂe@gic;a |2é dHMNBE CAEAPTIRINY n'é jogyaf 36% val ue

in the ran { b). -solutiori.functionalization
of "pol ynB?%?"’l'y %Z'F%h pc?’lﬁ{s@px %%Bgéglﬂb%rgy(ar yl ene ether) having the .
structure (2) (2) wherein X is a reactive functional group selected from

the group- copgistiThg Rleth@hdy dlaife 230 ywtiersit theepeety polymdrizdtion an@® OH, : _
R C2R2, -R CH2=CH2, and vinyl, 10 -Wherein R is' a primry. or secondary o

di val ent |salatnph cdrthaaiooalwwr @redupdﬁmlahlgzatlon extrusion,

25. The method of claim 18, wherein each Q_, is methyl, each Q, is

“hydrogen, and each R is methyl.
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froml tgs@ﬁxosav;bons, an aryI group and.R2 is rimary or secondary..
al kyl group having fr 1 to '10 carbons; and Q4 hydr ggEEX ﬁEr a
“'m xture thereof 43 6 SIEP 2Q04 (c) copol ynerization-by re% 29
« functionalized poly(arylene ether) (2) with a poly(organosiloxane) havi ng
Ustructure (3): R Y-AX ~i--O R2. NTHEs(Sppwherein x is zero or one and -
"Y is a functional ‘group reactive wth X, selected 5 fromthe group ;
consi sting of -OH -CH2=CHZ2, ... epoxy, am no; -carboxy, C(O CH2CH, and.. -
hydrogen, to forma EﬂM(WIﬁdE&'ﬁHER}pBQt(YiSII@XABE) copol yner, wher e| noo-
the functionalization is in solution, and copol ymer -synthesi$ and
i sol ation are.effect ed by first soblbtllﬁuE?{g t hen rrelt copol erEI’I zat | on | 44

“ABSTRACT OF THE DISCLOSURE
A method comprising

(a) synthesis of a poly(aryléne ether) having the"structu;e (1)..‘— A

wherein m is an integer haviﬁg an average value in the range from about 3 to
5 . about 300; | o

(b). solution functionalization of polymer (1) to form

functionalized poly(arylene ether) having the structure (2)

wherein X is a reactive functional group selected from the group consisting of
anhydride, hydroxyl, epoxy, carboxyl, ~R'OH, R'CO,R?, -R'CH,=CH,, and vinyl
10 wherein R is a primary or secondary divalent alkyl or haloalkyl group having
from 1 to 20 carbons, or an aryl group and R? is a primary or secondary alkyl

group having from 1to 10 carbons and Q, is hydrogen X ora mlxture thereof ~
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(c) copolymenzatlon by reaction of functlonallzed poly(arylene ether)

2) wnth a poly(organosiloxane) hawng structure (3):

R4 Ra Rs

| 11 i .
Y—Ax—?i—-o ?i——o ?i-—Ax—Y_ (3)
n

wherein x is-zero or one and Y is a functional group reactive with X, éelécted '
from the group consisting of ~OH, —CH -—CHZ, epoxy, amino, -carboxy, —
C(O)CHon and hydiogen, to form a poly{arylene ether)- poly(s:loxane)-
copolymer whereln the functnonal:zat;on is in solution, and copoiymersynthesns .

and lsolatlon are effected by f rst solution and then melt copolymerlzatlon

44





