-5 SEp 200"t .
- COOPERATI ON TREATY (PCT) (19) Wrld Intellectual
| nt er nati ona
(07.06.2001) PCT (51)
Y7146 (219, hﬁﬁ@tﬁ\ﬂﬁbﬂﬂ AbpABLHOG POMPHANHIRER 1
I nternational Fi
Publ i cati on Language: b
Decenbe191888d (fodiectd 2Py Odgunfzidon APH
(Us/us); |

Janes,

(12)

Bureau (43) International

| nt er nati onal

ling Date: 10 Cctober
English English

Ri vemichasdal Euelenect ady,
Ant hony; 95 Lace Lane,

2000 (1

| NTERNATI ONAL APPL| CATI ON PUBLI SHED UNDER THE PATENT

ni zation
ne 2001 -

Pr
Publ i cati on

g

Patent Cl assification7: C08G 65/ 44,

%’WWEWON (I'aE%Tr?’ PCT

| ) Pr|or|ty Dat a: 09/ 455, 070 6

b o i mum?wuﬂuuuulmwnm

NY 12065 (US). LI SKA, Juraj

De BOU| e- Y thikafiondputdRtion D4eBeET gen Op Zoom (- Interbhdoiaf Pubtda&daQiindber L

Tanbur | ai n,
Fai rl awn Par kway .

WL Enlchadidnbfrbebo EldTicdidd: ( 1@psd &tlc)ﬁr nati sQELﬁJaa&D Y& 1,

Heinie28010g.06.MD139402 (US)p
111111 (LI a21 il

S

q['{I'JA.\Ellllllll 10 [/??qu 1 %OII

“01/ 40353 MasSchenect ady. Ny 12309 (US

Road,

1/40353 A1l

=

A R

NY 12067 (US). GUO,
PCTAISOO/27906

Feura Bush,
(21) International Application Number:

{22) lnternational Filing Date: 10 October 2000 (10.10.2000)

(25) Filing Language: English

(26) FPublication Language: English

(39) Priority Data:

05/455.070 6 Decemnber 1999 (06.12.1999)  US

(71) Applicant: GENERAL ELECTRIC COMPANY
[USfUS]; 1 River Road, Schenectady, NY 12343 (US).

(72} Inventors: CELLA, James, Anthony; 95 Lace Lane,
. Clifton Park, NY 12065 (US). LISKA, Juraj; De Boule-
vard 136, NL-4617 LZ Bergen op Zoom (NL). ULERY,
Victoria, L; 2 Tambuelain, Hattiesburg, MS 39402 (US).
YAEGER, Gary, William; 2010 Fairlawn Parkway,

Aﬁﬁ&ﬁ dams. 1926
n‘)%d.%%ad 6 % %LB
Hua: 7B Lavery Drive, De]mar, NY 12054 (US). SINGH,
Navjot; 11 Monigomery Way, Clifton Park, NY 12065
(Us).

an,

(74) Agents: SNYDER, Bernard et al.; General Etectric Com-
pany. 3135 Easton Tumpike W3C, Fairfield, CT 06431
(US).

(81) Designated States (national): AL. AM. AT, AU, AZ, BA.
BB, BG. BR.BY, CA, CH, CN, CU, CZ. DE, DK, EE, ES,
Fi, GB.GD, GE.GH, GM, HR, HU, ID, IL, IN, 1S, JP, KE,
KG, KP, KR. KZ,LC. LK, LR, LS, LT, LU, LV, MD, MG,
MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU. SD. SE.
SG, 81, 8K, SL, TJ, TM, TR, TT, UA, UG, UZ. VN, YU,
ZW. ’

{84} Designated States (regionai): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL. PT, SE), OAPI patent (BF, BI, CF, CG,
CI. CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

{54) Title: SYNTHESES OF POLY(ARYLENE ETHER)-POLY (ORGANOSILOXANE) COPOLYMERS
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=~ {57) Abstract: A method comprising (a} synthesis of a poly(arylene ether) having structure (1), (b} solution functionalization of
polymer (1) to form functionalized poly(arylene ether) having structure (2); wherein X is a reactive functional group selected from
the group consisting of anhydride, hydroxyl, epoxy, carboxyl, -R'OH, RICO,R?, -R!CH,=CH,, or vinyl, and Q, is hydrogen. X, or
a mixewure thereof; (c) reaction of functionalized poly(arylene ether) (2) with a poly(organosiloxane) having structure (3); wherein
X is zero or one and Y is 2 functional group reactive with X, selected from the group consisting of -OH, -CH,=CH,, epoxy, aming,

carboxy, -C(O)CH,OH, or hydrogen, to form a poly(arylene ether)-poly(siloxane) copolymer.
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- BACKGROUND OF THE INVENTION

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

I



R2RW R5 n (57) Abstract: A nethod conprising (a) synthesis of a

e g o

t he group

poly(aryl ene ether) having structure (1), (b) solution funct
polymer (1) to formfunctionalized poly(arylene ether) havifn
(2); wherein Xis a reactive functional group selected from
consi st izagoRfosgghydri de, hydroxyl, epoxy. carboxyl, -R OH,
-R CH7=CH2, or vinyl, and Q4 is hydrogen, X, or a mxture t
reaction of functionalized poly(arylene ether) (2) with a

CBH%?& (c)

ol y(organosi l.oxane). havi ng structyre , erefn x is zero or one and Y
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Hendrick, in Polym. Bull. Vol. 19, pp. 101-110 (1988). The co;noljmers were

prepared based on phenolic hydroxyl-silylamine condensation via reaction of

tertiary amino-stopped polydimet_hylsiloxane (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 incorporation 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

qopolymerization 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 polysiloxanes.

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

2



15 based on the extrene inconpatibility of the poly(arylene) ether' and
pol y(organosi | oxane). O these, nethods for the preparation of copol yners
of poly(arylene) ethers with poly(organosiloxane)s have bgefieRtgpg4vel y
rnvestigated. A nunber of routes rely on activation of either the

pol y(aryl ene) ether-or the poly(siloxane) noiety. For exanple,.lithiation
of a pol yﬁagll ene) 20' ether followed by reaction with a chloro-term nated
pol y(orga ¥¥%%8ne) in solution leads to graft.copol ymer $crissebizfgh osed
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

extrenel.y pekkibiciheirhhliast ' ti.on lithiation process.
Shea et al., in U S  Pat eﬁ?ﬁﬁ%ﬁhﬁﬂg?& ggég'r %%%éjﬁdlﬁéyc%F%@ﬂ!mw@si s by
reaction of UhHIftifaRmsthadsferthejorystaraliycfeadibht fanmfydthfe b gogl)éﬁy 60[}%2 VO
01/ 40353 P )( 1 t ef-m pate al y(or ganosi | oxan i | t
and in sol %kﬁﬁ?w‘?ﬁgg%gg f!%g?%"é’gm rsdbolg‘éﬂf%(()i ng?}’olﬁybki t herocassitg or
i m de |i nkagkaracRetstics,amdofhieh ey bexited hSEAF ryl ene) ether with
an am no-ter nwahgld 91 v or Osli I (}x ﬁe) é%‘%&?ﬁﬁ@@%ﬁ“?ﬁﬁﬁ%‘éﬁ qfa‘ﬁ’gwg‘ No. .
3,668, 273 t 5 K'% “QE 5%{ agylene ﬁih@ﬁprﬂmm&espﬁmﬂ&%mug%ﬁg@t al .

A reactive BXbFdiS BsRessd : q or .preparatign of _
pol y(aryl ene)pet he@?gol 3%; I o@%[b&%g%gsfe;ﬁé%é’q%rﬁ%éa%cﬁ&ﬂ?ﬂ@afﬁésdancm

am no- f uncdid/ealewsmoksizgnaragioa ringbdnaisg Wi t h epoxy-, carboxy- or amino-
functionalized poly(siloxane)s, in U S. Patent No. 5,385,984 to Bl ohm et
al. 10 Preparation of tri-block copolyners of poly(arylene ether)-

pol y(di net hyl si | oxane) - pol y(aryl ene ether) is disclosed by R D. Alen and
J. L. Hendrick, in Polym Bull. Vol. 19, pp. lol-iio (1988). The

copol yner s SIBMMABYORTHE BEEENTdONohenol i ¢ hydroxyl -si | yl ami ne
condensation via reaction of tertiary am no-stopped pol ydi net hyl si |l oxane
(PDVB) with the phenolic end 15 groups of poly(arylene ether). These

pol ymers are described as useful as additives for polystyrene-based

materi al s. In a first aspect of the present invention, there 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)

— —_ .
Q2 01 Qz Q1 _ 02 Q1

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,



Alternatively, U S. Patent No. 5,204,438 to Snow et al. and U.S. Patent
No. 5,281,686 to Blohmet al. disclose poly(arylene ether)-
pol y(organosi | oxane) copol yners produced by incorporation ofga %%Pi?@@#ZO
cont ai ni ng phenol or bisphenol into a poly(arylene ether) chain

- oxidative copolynerization with 2,6-xylenol. Gaft co-polynmers having up
to about 20 nol % of pol y(sil oxane) may be prepared by this nethod. U S.
Patent No. 5,357,022 to Banach et al. discloses formation of bl ock
copol yngp1Ry3sscopol yneri zati on of 2,6-xylenol with a phroviussimmeped
pol y(sil oxane) macroner. 25 The macronmer was prepared by hydrosilylation of
an al |l yf 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 poses, none of t He fpymdenstiprrgizedmobvérdens dther)deving dkfwetirg@)or suitabl 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 internmedi ates contiue to 2-6 SEP 2004 WD 01140353 PCTI USQ0/ 27906
exhi bit thernal |n§tabﬂ;|t ; Accordingly, there remains a
need- in the art 4§ f.or{ thel i njlusd riaIIy f easi bl e manuf acture of
poly(aryl ene ethe i yrner havi ng favorabl e
processi ng ch&rach i be used %k engi neering
t her nopl astics, or /W pe\ bl gnded Wi\t h pol y(aryl ene) ethers or
t hermoset or rubbey foogul gtaens @0 | i @Gprove@,processi ng and ot her desirable
properties such as flane rétardancy-™and/ or | ow snoke generation during
burni ng. SUMVARY OF THE INVENTION In a first aspect of the present
invention, there is provided a nethod for the synthesis of poly(arylene
et her) - poly(siloxane)copolyners conprising(a) (a) solution

functionali zad gglgé (5 eg& haV| t he %?4( 1)
wher ei n eacir &d)rkg eperall d e‘%’;“? a%g e 66? f‘rogen he ‘g gluﬁlaé%ht ?rg‘ff(
hal ogen, & apedcher fym@pnal group se[ected from the group consisting of anhydride, epoxy, catboxyl,

-R'OH, R'CO;R?, -R'CH;=CH,, or 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 [ 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.

) 4
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secondary al kyl group having fromI| to about 7 carbon atons, phenyl,
hal oal kyl , am noal kyl, hydrocarbonoxy, or hal ohydrocarbonoxy wherein at
| east two carbon atons separate the hal ogen and oxygen atons, each Q is
i'ndependent|ly selected fromthe group consisting of hydragegﬁﬂazﬂg? en
- primary or secondary al kyl group having from| to about C o] s,
phenyl, hal oal kyl, arninoal kyl, hydrocarbonoxy, or hal ohydrocarbonoxy
wherein at | east two carbon atons separate the hal ogen and oxygen atons;
@B is a WAHKEE, a hydroxyl, or a conbination thereof, e@UUSI/EI8N
I nt eger having an average value in the range fromabout 3 to about 300, 3 O
S E P 2004 WO 01/40353 PCTI USOO 27906 to form functionalized pol y(aryl ene

et her) haV| ng thﬁ:exﬁbdduﬁetnumeyﬁr&)xd&t%} iSWRBSE M Prodd p lﬂﬁ% as defined
above, conblnatloﬁg%ﬂered% kﬁkg%g s a reactive

functi onal pc’zﬁ@é‘{f 6%5’5:\?08’8&@8‘ F F“Efﬁ‘l“t%f‘i’ef"‘&r“%?&‘zﬁmﬁﬂaﬁtble g selfiticm Pytopalpmere poxy,
carboxyl, synfReBHndRoEB@RAzy beRCHEFAGHE st sBluti¥h MY then &S &%&}@c idS,@ Primry or
secondary di val ent al kyl or hal oal kyl group having fr Y6 20 car bons,

or an aryl group and R2 is a primary or secondary alkyl group having from
| to 10 carbons; and (b) copol ynerization by reaction of functionalized

pol y(aryl ene et hef)iuyey exgpadimegit mﬁbpqﬂcwaan@xﬁaw@xxanféyr)mlvﬁsﬂgcm) cortiyme ( 3)
F? 4R R sth&msd E‘rox% al functl&%h%ed%oiyﬁrﬂ&ﬁ e‘(ﬂéf)%h%fem 0 dnﬁ D dllﬂ lpee&%ﬁ@{l
selected fromthe ?rou p consisting o pri mar econdar f gr oup
havi ng fiRami ke avglpl SE‘&F‘E‘B?&EOS@OWQHH@? arylgroupe @mtdmoyllshaﬂmatbd(w gr oup

havi ng f#amene.to twelve carbons,, an aryl group having from6 to ].2
carbons, an aral kyl group having from7 to 18 carbons, and m xtures
thereof; n is an integer having an average value fromabout 3 to about Soo
inclusive; Ais a substitutfed or Udpsubstituted_aromatic group having from
6 to about 18 carlon atony, dk a

Q- 15y 0 =2 Qt Q, Fl=\/o1
& /)—~0— I }_0_\(\\ P )

Q,
L - dm

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



primary or secondary dival ent saturated or unsaturated aIkyI group havi ng
from 1 to about 30 carbon atons; x is zero or one; and Y E;25840nal
group reactive with X, selected from t he. group consi sting oP

-CH2=CH2, . epoxy, amino, carboxy, -C(O CH2OH, and hydrogen, to forma
poly(arylene et her)-pol y(sil oxane) copolynmer, wherein solution
functionalization and copol ynerization are a continuous process. 4 6 SEP
2004 WD 01140353 PCT/ US00/ 27906 An enbodi ment may provide the isolation of
t he product poly(arylene et ' (sitoxane) copolyner, wherein the
functionalizationggay lg in @olutnqn amgd coppl yner synthesis and

i sol ation may be ekfegted by {irgt sql utyon/and then nelt copol ynerization
A further enboding |y copy ! | ene et her)-pol y(sil oxane)
copol.ymer syn@hed ron) & \ #pot y( ) ene et her) wherein
Q, @, &, and X payibe or i f\ t he avail abl e substitution

positions on the §
4 Q@-,FI=1"Q ~1 ~Q
defi ned above. (4 ) Another enbodlnent may conpri.se a poly(arylene

th | df : -
by ar B )y R I3 Rl B bR EE v, anc
X may bea@ﬁ:ﬁa%bveewnaé@mw gmm%%.hg%&ﬂ 1 K@ ﬂ&gmbrpgib?hétl ng -

of -R OH of vinyl, wherein R nmay be a prinary-or .

secondar phdnylaha&melkyaIahyhoaikylmydmbkgﬂor@mmdmmgjrbcamdnob@\nﬂikrenr bons, .
an aryl group and be a primry .secondary al kyI grou haV| ng from '

| to 10 ahlesshtwo &ﬁEPCH‘ ﬂ&ﬂiﬁ( %ﬁ%ﬁ&%!ﬂ%?@!ﬁ@?“@&\ﬂ PYaeRAt °§’isr '(52)
wher ein- ﬁl%célﬂeﬂheﬁﬂy @\yd?éﬁer?( h%gé}? Qﬁrﬂ'ﬁj& %?%e%gﬂﬁgry 3&9[ Jr&lﬁa‘/ hQ\?‘ ing:

from 1 to about 7 carbon atoms, phenyl haloa!kyl aminoalkyl, hydrocarbonoxy,

Ay, OuplsQ AS ggl;le icg)ly apdi cated by structure (4)
1 démein Q, @, i X, and mare as

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_oger}, X, or a combination thereof; and X is a
+ reaclive functional _groep selected from the group cdneisting 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

primery 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-
heloalkyl group having from one to twelve carbons, an aryl group having from 6
fo 12 cerbon,s, an aralkyl group having from 7 to 18 carbdns, and mixtures -
‘thereof, n is an integer having an average_ value from about 3 to about 500. o

' incju_si\fe; A is a substituted or un_sﬁbstituted aremat_ie group having from 6 to

ha



C(O CH2OH when X is-R OH or R C2R2; Y may be vinyl or allyl when X is
vinyl or allyl; or Y may be H and x may be o when X is -R CH2=CH2 or
vinyl. Wen Y is -OHor-C(OCH2OH and X is -R OH or R CQ2R2SpPadfjyn may
be conducted in the presence of a co-reactant selected fromthe group
consi sting of a dianhydride, diepoxide or dialkylcarbonate. Wien Y is vinyl
or ally! and X is vinyl or allyl, reaction may be initiated using heat or
a free radical initiator. Wien Y is Hand X is allyl or vinyl, '

copol yner.i zati on may be conducted in the presence of a catalyst such as
platinum In a second aspect of the present invention, there is provided a
pol y(aryl shw, 0 i | : I 1 i: clion product
of -a funct ontaﬁ?ga;gbggl l;‘(“éffﬂ gﬁ?%’%ﬁﬁﬁoﬁﬁcﬁ{ﬁ?ﬁg dé"?ar%ﬁfﬁrgg%(’%ff?%
6SEP2. 00Aur(stitussited ellyl gaalp Qaving frodepdoddniut Bosedrbohedofmisomis ber@bpup. -
consi sting of halogen,, a prj y.or' secondary. al kyl group having from1 to
about- 75&%&9&6%?&1 8%6&@%&?%&%",xﬁﬁé@“@l&%@ﬁ%c\faﬁmebny, and
hal ghydr i ; } t least two carbon atons separate the hal ogen
andﬁgxyggﬁ&ﬁ’g%@?ﬂeﬁ@ﬁyg%lg i ndependent|y hydrogen, hal ogen, : a primary
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 carbon atons separate the hal ogen and oxygen atonms; mis. an

i nteger. having an average value in the range :from about 3 to about 300;
& is a hydrogen, X, or a conbination thereof; and Xis a reactive
functional group selected fromthe group' consisting of -ROH, . R CO2R2,
-R CH2=CH2,. and vinyl, wherein R is a primary or secondary dival 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 from 1l-to 10 carbons
with a pol y(organosil oxane) having structure (3): RR 1 Y-Ax- i-pi-0

5b



R R R Jn (3) wherein each Ris independently selected frofi;h b@"gﬂ%‘b
consisting of a primary. or secondary al kyl group having fromone to 12
‘carbons, a primary or secondary hal oal kyl group having fromone to twelve
carbons, an aryl group having from6 -to. 12 carbons, an aral kyl group
having from7 to 18 carbons, and m xtures -thereof; n is an integer having
an average value fromabout 3 to about 500 inclusive; Ais a substituted
or unsubstituted aromatic group having from6 to 5at 6 SEP 2004 about 18
carbon - atons, or a primary or secondary dival ent saturated -or
unsat urated al kyI group having from1l -to about 30 carbon atons; x is zero
or one; and Y. is -OH or--C(O CHZOH, when X is -R OH or RCDZRZ; Yis
vinyl or t 5 allyl vhénd Xpee ofthapiesat inadrtiph, thésbis Grovided Zbidtholiorahd hi r d
aspect o ' VI ded.a nmethod for the
%aamtmgf@ué?%xe&ﬁ&gﬁ ty(AiBe ng( LY PR Tror s .

manuf acture of p ene e conpri sing

sol ution copol yner 'sbﬂitio@n%dﬂolﬁn@ﬁiéﬁcﬁfd‘f&% SNe Qﬂ]\é{ﬁﬂa\?ﬁhgla‘ﬁ&gst two

functional groups selected fromthe group cc}ﬁm st

anhydr i dbyo iorgl groupp selectedifrbodhe, groth Gshsn@iu@ﬁfﬁnhydrﬁél@&@s@] al |l yI
and vinyl, wherein or secondaré di val ent al kyl '
A

hal oal ky¥ %&&f%%'-n$9@$10@&a£&HﬁHgﬂw §dvmylanhefe;m P{jus)ap and |
" ar bons. Pefy 8 ko "e??fgﬂs@?;%'jfaﬂé’é?ﬂhg%%ﬂﬁeg?qdq%v- ot 18eBogt 20,0

sel ect edchiborist be afravygroap SingtRNig Dprirddry or 23 GYouR Falihg -
car boxy -J 0 CHZO—| vinyl, all gl and. hydr ogen, erein the :
pol y{ si Iiﬁ&&hb}o ﬁbﬁt!HQ)ﬁalIbO@ﬁowﬂ agaly(silaane) M@fﬂ&'ﬁéstfmmmhahabr oups - of

;P ﬁer Br{éroe.%l se ectedr}reor% ‘théfjl B%JL?E&&Q r% XFE —bl a—t(;lIQQCHz?fei}o%e(, éar ylene .
' carboxy, ~G(O)CH,0H, vinyl, allyl, and hydrogen, wherein the poly(snloxane)
functlonal groups are reactive wrth the funct(onal groups “of the poly(arylene

ether); and

melt copoiymerizetion _of the poly(arylene' 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)

.(I)3 : Q| ‘i)H _
={= ' A = Q -
Q- /™ }Q1 <—\ 1 /‘ R
¢ )—o— p 0—%\ /> o (5)
Q
" _ —m

wh’erein each Qyis iodependenily selected from the group consisting of h'alogen _
a primary or secondary alkyl group having from 1 to about'7 carbon atoms,.
| phenyl, haloalkyl ammoa!kyl hydrocarbonoxy, and halohydrocarbonoxywherem
” at !east two carbon atoms separate the halogen and oxygen atoms, each Q, i 1S
- independently selected from the group consisting of hydrogen halogen, a -
| _prlmary or secondary alkyl group having from 1 to about 7 carbon atoms phenyl,
5c



poly(siloxane_ In a fourth aspect of the present invention, there is
provided a nethod for synthesis of poly(arylene ether) Eoggp {Je)
copol ymers, conprising (a) solution.functionalization of (()gﬁf@ ene
ether) having the structure (5). wherein each Q-is independently sel ected
fromthe group. consisting of halogen, a primary or secondary al kyl group
having from1, to about 7 carbon atons,- -phenyl, hal oal kyl, am noal kyl ;
hydr ocar bonoxy, and hal ohydrocarbonoxy wherein at |east two carbon atons
separate the hal ogen and oxygen atons, each @ is independently sel ected
from t hehagamip, Sniwaiiyl, g dadcaibciags br hhahggaitariBonexy WHBFein @t leRgondary -
al kyl . group having from1l to about 7 carbon._atons, phenyl, 5c 6 SEP 2004
_hal oal kylwo eathaseatieyms sepaiatedhe helrogn andexygaromipits Caribarfydroghar@i n at
least t car pan o] e h n_an X . at ons is'a -
hydr oge n},l‘\g ‘A‘“M@ c?r"c()]i% I C%‘%ﬁg@&?ghr%%ﬁgﬁ "?n'(}?%e?'ggﬂfg 8%% gg'r”r‘lnﬁsa% rﬁ‘ﬂe%%% er
havi ng ap;iakeh 8dera fttﬂnhaoutwtdﬂstgﬂMmﬁhﬂuhnaidrmai@aafolﬁgﬁneﬁ@'fOrm..
functionalized poly ar%/I ene ether) having the structure (4) 4 @ ~, at
@ _Jm eMerkhavigg thostragyre{dr e as defined above, Q4 is a. hydrogen, X, or
a conbination thereof, and X is a reactive functional group selected from
the group consisting of aphydriden hydroxyl, epoxy, carboxyl, -R OH, ‘
R CO2RzZ, R CH2=CHg, and v{nyl, = wh rei;d’ﬁ' .is a primary. or secondary

di val ent al kyl _ or_ha| oal ky| aflum;Havi nd-£rgm 140 20 carbons, or an aryl
~group and Rz i \;{_E‘ra{ ¥ ‘rfzg' e

ary a yi gro%. having from1 to 10

"carbons; and €O er | Xayidn Jy. Deacilan -of _
unctional i zed, pol r'y(?“bne . 1‘ét Rer Qf(g) Wi ?’ﬁ a ‘pol y(-or ganosi | oxane) havi ng
structure (3): . Q

m . ) -

wherein Q,, Q,, and m are as defined. above, Q, is a,hydrogen; X, or a
" 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 viny], Whereih R'is a primary. or secondary-divalent alkyl or
haloalkyl grohp having from-1 {0 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 functionalized poly{arylene .

ether) (2)_ with a poly(organosiloxane) having structure (3): '

Tor -
YATOTITO T ACY @)
"R ‘I R R.

n N

‘wherein each R is indépen_dently selected from the group cdnsisifng'of a prime;r');

or Secbndary alkyl group having from one to 12 carbons, a primary or sécor]dary . |
haloalkyl group having from 6ne to twelve carbons; én aryl group havinéi from 6

fo 12 carbons, an aralkyl _g;roup-having from 7 to 18 ca.ljbohs', and -mixt-urés '
tﬁerepf;.n is an integ_t;:r h:z.l-ving-an av'-erage'va-h-le '.fr(_)m-al:.gout 3o éf)out— 500-'

inclusive; A is a'substituted or unsubstituted aromatic group. having from 6 fo.

5d



R Y-Ax- i i-QRERa R (3): wherein each Ris independently selected from
the group consisting of a primary or secondary al kyl gr LEB’)EIFB 'qﬂprfrom one
to -12 carbons,. a primary or secondary hal oal kyl group’ havi ng romOne to
twel ve carbons, an aryl group having from6 to 12 carbons, an aral kyl
group having from7 to 18 carbons, and m xtures thereof; - n is an integer
havi ng an average -value '.fromabout 3 to about 500 inclusive; Ais a
substituted or unsubstituted aromatic group, having from6 to. 5d 6 S E P
2004 about 18 carbon atonms, or a primary or secondary dival ent. saturated
or unsaturated al kyl group having from1 to about 30 carbon atons; x is
zero or, ,one;. . and Y is_ a functional group reactive with X. selected from .
the 'gro OUEo‘riiC?{*?%.%‘Pm-so%' @@Tﬂe&zpfefp%ﬁaﬂd%%alent@@tmm or
-C( 0O CH2 ' ( t ( Wi I : her) - pol y(si | oxane) -
copol yne?ﬁsah@(ggtg?%émsoq ut Pol%hﬁrﬁ%?to f“bﬁgh%ﬁ‘{‘?‘ﬁ g?rrg%ho%gfﬁé‘r%zzaﬁ?cﬁf are a
cont i nuovseprade¥sis &dufictiral RyPOP4radpiiox/ WilBS3 FSTEEISIORLAT 08 Jrdgp

pol y(aryl ene gt her);&ﬂ y( {al_,ox‘ane) copol yners are-useful as m)q di ng )
_mat er i a §PNYSIRG 4 ¢ -n‘gé gerkls £BPXY.i pIIY . sabioxis G(REHOH,.capdquart z,
or cl ay s hy@logen sizing agents for glass, to pronote conpatibility between
the polar” slUrfaces of the filler and matrix. For exanple, funmed silica -
treated with 5 pol y(aryl ene -ether)-pol y(sil oxane) copolyners are extrenely -
-useful for the to form a poly(arylene ether)-poly(siloxane) copolymer, wherein

solution functionalization and copolymerization are a continuous process.
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manuf acture of environnentally friendly tires, as the p gﬁg}ﬂgﬁﬁﬁether)
portion of the copolyner is conpatible with the styren di r ubber -
portion of the tire, while the poly(siloxane) portion of the. copol yner

has a very high affinity to the filler. The poly(aryl ene .

et her) - pol y(sil oxane) copolynmers are al so useful as 10 additives to other v
t her nopve$1Me35dr el astoneric resins. For exanpl e, |inear PCHBIS)¢BNBNY| ene

et her) - pol yor ganosi | oxane copol yners in particular have use as i npact
nodifiers or flane retardants for thernnplastrc bl ends. DETAI LED

DESCRI PTI ON OF THE H?£ Almh@@ob@rmﬁmtét@%s%ﬁﬂf
pol y(aryl eng, et her si | oxa,ne) %ﬁ@ymers conprises reaction of a
pol y(aryl8R 18g aq “ﬁ F‘ﬁ@s E@PB&@EEBWJ‘)? fs 9eh ayfwned sHicacquartty om t he

1C02R2,
O 5, SO0 A B AR Hor UL e oS5 RO Bl
di val ent sajrfz;cbsmf thrd ﬁﬂbk)&hdgnmhpxhaFongaxfanmte,lfmmedbmlt:a Aveatedr hﬁltﬂhs or an
about *10 Boltgarche, sbArBpoiiTiibuthe SRBRLRTs e pudemelaspbilciorota .
groups r eaghhfetivelof ehﬁeoﬁmeﬁta ?Hﬁbn&l&%‘% RfthEhe gct)ggméﬁéy %FF%&I&&W) the

reactive. roups of the poly( sr oxane” bei ng sel fromt roup
rfét

consi st i mf the copplyme @m@ thestyrene-butadisng, rubbeOparEmHpf thed

e kA B e SR SIS

PCT/ US00/thé Silker ( Phe polyaiybme ethet)-polg(siloxahencopolpniers ary b&aalseﬁtleers) (i) to

form functjonalize oly(arylene et r haying the structure (2); -(2) (3)
reallion @‘?Yﬁ?ctq GHMT| tﬁ"@gmﬁﬁhﬁ%r% & é aRerAe )re§1@}; wFer example, linear

| p:0| y(or QW@%&?&% el pRlrEMdsioRakSopdlinitdss fPparticular have use as )

impact modifiers or flame retardants for thet-moplastic blends.

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): ‘



IY-AX-? -i-i--0 -Si-AXx -Y RZRA RG] n (3) to forma poly(aryl ene

et her) - pol y(sil oxane) copolyner; and (4) solation of the pﬁggpcgﬁq&

pol y(aryl ene ether)-pol y(sil oxane) copolyner, in a cont ess

a par ticularly preferred enbodi nent, functionalization, copolyner
synthesis, and isolation (steps 2, 3, and 4) are a -continuous process
effected by solution functionalization, solution co- polynerization, and
devol ati | "A81¥RSExt r usi on co- polynerlzatlon and i sol ati on.pdtrasdeizisds St ep,
_synt hesi s of poly(arylene ether)s (also known as polyphenylene et hers or
pol yphenyl ene oxi des), is known, being described for exanple in U -S.
-Patent Nos_ 3, 306, 874.and 3, 306, 875, ampd 3, 733,299, which are incorporated
herein by reference. 2pr efr r epCpol @ar &he e‘Rers) have the 7 6 SEP 2004
WO 01/ 40353 PCT/ US00/)2%806 ge strjict yee={( i) mherein each Q is

i ndependent |y halg : roup having from1 to
about 7 carbon atons\ plenyl, | hy o;lky oaIkyI derocarbonoxy or

hal ohydr ocar bonoxy erei n at D cAr bo atons separate the hal ogen
and oxygen atoms; efeh Q®is ‘ﬁdepéﬂde 11 5 Kydrogen, hal ogen, a prinary
or secondary | ower al kyl group having Tomi to about 7 carbon atons,
phenyl, hal oal kyl, am noal kyl, hydrocarbonoxy, or hal ohydrocarbonoxy

wherein at | east two (ear b(mllaimnﬁmsaoﬁﬁl&taexohhﬁ POl (@8Rna Rthe rﬁi&/ﬁ@ I}, &L ONS;
and mis ar]r'égz ﬁavgwg in av e val e in the range Tro Qfn3 o
.about 300 8'%!‘5 ! Ty, ?‘ﬁaﬁﬁﬁg sfauctuse(2xre not limted 10 to,
net hyl, ethyl, n-propyl, n- butyl n-anyl, isoanyl, 2-nethyl butyl, n-hexyl,
2, 3- di net hyl butyl, 2-, 3-, qr 4-meth Ipentyl and the correspondi ng heptyl
groups; isopropyl,@sec-Butyl{ LandB-pden®yl . Preferably, Q is a primry
al kyl radi cal having omi |t out |4 c n atons, or phenyl. Most
preferably, Q ig—r% 20 o X 2) '

(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 Isolaﬁon

. The first step, synthesis of poly(arylene ether)s (also known as
,polyphenylene etheérs or polyphenylene oxides), is known, being described 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 poIY(arylehe ethers) have the



I's hydrogen. 15 B in structure (1) is preferably a hydéog éﬁﬂﬁgdroxyl,
or.a mxture thereof. As is well known by those of ord@n E&D in the
art, poly(phenylene ether)s having the general structure (x) generally
conprise a mxtures of conpounds, including both nonohydroxyl and

di hydroxyl - term nated pol yners. Accordingly, a further enbodinent uses a -
poly(aﬁvgﬁﬁﬂnéb ether) wherein Q, @, @, and the hydro&?ﬁugwgﬂﬂ¥ may be
oriented in any of the available substitution positions on the aryl groups
as generically indicated by structure (5): 03 Q@./I Q @@ Q -imwherein

Q, @, neegicstructinge 8 wiedreiredadtbQy ¢s ildepeadertle hraﬁige@l Qf ARREY AT OXy!

. and di hy ter nat ed, pol I n structyres (4) an

adj ust ed ﬂ?ﬁo‘&‘g?fﬂ’é’t] SLOWP bﬂ@négg{llléﬂ abeut7 €2 380@5@9%80%3!/1@36(1&40353
PCTI USOO lative
quantity %ﬁ%%g%@? 1-§E!9 pr ese(g}?d?u}rlﬁng% r@ﬁ;ﬂg@toliggﬂhﬁi\%}éﬁ%r% f%gﬁrrgypﬁ hi gher
quantiti edomis w[amteeshe tha]mgenhagdemxygehaatlmm qemuint Qai ﬁssucdependently

d h | - I Th ticul I t
oty R SE G IGEah AR o poroRe N ll BrPRRIGIEE FOM AP maybe -

an‘yvmere abdut he crame a(if)nﬁbgmenid 9Ha1b911@bouﬁn.9§alﬁy1 HRireEaohoxlyn gche range
of about 1;99 to about 50;5 nore preferably in t he range of about 1:99

to about hziphasiroearbanes; wheest étrléﬁtﬁwprﬁafb@ @t@ﬁg@epamtﬂ&h@halogeaando about
10:36" mhabhinaTuit &0 M A b, 5

10 or mi ene e era
aver age about 3 to about 300 Exemplary lower alkyl groups include, but are not hmlted
10 . to, methyl, ethyl, n-propyl, n-butyl, n-amyl, isoaniyl, 2-methylbutyl, n-hexy}, 2,3-

dimethylbutyl, 2-, 3-, or 4-methylpentyl and the correspondihg heptyl groups;

«..
B
T ]
N

isopropyl, sec-butyl, and 3-pentyl. Preferably, Q. is a primary alkyl radical having
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):

W = “/01 |22 FI"—'\/Q1

L am ' ’ .
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



nol ecul ar weight within the range of about 2,000-25, 000 g/ rml ﬁﬁgrabl y
from about 2,000 to about 12,000, and a wei ght aver age Pai I ght
wi thin the ~range of about 6, 000-80, 000, preferably from about 6 000 to
about 60,089 s3determ ned by gel perneation chromatogra S| nce
‘many 15 po yzS| | oxane) s degrade at the normal processing t Bs of
poly(arylene ether)s (about 300 C or greater), preferred pol y(aryl ene

ether)s ha cul ar t and thus |l ower glass transition
t enper at ur é’? %A%%ﬂ&ag%?xa% a%;uqtm%t |03\L$31%1§elabw 8u@nmssmﬁ1gtal st
\

terrperaturqﬁemtﬂﬁﬁaglﬁ)ﬁndﬁﬁrﬁie%réo 1D %}%%}:%BO @#% 88 8%%; 05 L osut

preferably_ b about 250
pol y(aryl e%ﬁéﬁci'ﬁ‘érr? latiye euanhzsemfehhydme:ybtmnamd pulyieed. YTiRE Sardc@ldhose
‘containin I nyl,ene etht upits ui t abl e
copol yrrerg |é\lgf rgéarg? %%@H%Sﬁ QIFmeEs g th)éi}Q?ﬁﬂr@mu%Wdunl ts
in cofbi napobmwsuhaﬁb&aﬁywhenmhfthbramgboﬂﬂlﬁﬁl‘t |1Qj§9( ?H?ﬁ{ ﬁ%ﬂ%hﬁ- Rlrably,

| met eno

‘copol yrer s. deri ved frog1 copol&b rization of 2,6
2,3,6-tri rrb‘%ﬁgﬂ‘a?& NFS599 055@ 1pere prefsiabliin theenys ofaimhuti ni ng

noi eti es pi@@%%owz F &Vt Wi I mens  .such a

pol ystyrenes, as wel 9‘2? coupl edéj%gf%gwﬁéﬁe?é?%eﬁ%‘”?]?P‘W’rr%tﬁb"g?mltl ng
agents such:@®€-| ow m)l ecul ar wei ght pol ycarbonat es, qui nones, heterocycles-
and formals undergo known reactions with the hydroxy groups of two

| | ene 30 eth i | ecul ht pol ymer.
Doel Ut pol yiaryl ane PlaffdBiity hs RYRNAGE e Sadisbomeationnasse abayt 200t he
abovéd 9 O0ISEPiILSEch thmﬂﬁlﬂ@ﬁémg?ﬂ&a\ﬂﬂ ATl ﬁ%&gﬁgs are
eas

t [ 1 dat t
A Ronyr 5, aRRRR vy bR S Banet o abash 500054000 afthat ik sbls fairh aby
monohydrowlﬁ@m@t@mq&%@raﬁd?a@ﬁ?gmsyalﬁgé%}g ‘EQEWS hrgﬂ}lihm hyl

and each @ is Fly drogen), wheréupon t €as
pol y( 2, 6- dRRSE BY Rbaute,ghere.ene, QIﬁef@blymab&ltﬁﬁ 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



trimet hyl phenol (wherein each Q= and one 2 is nmethyl and the other Q is
hydrogen). A variety of catalyst systens are known, gené}d$E§3§§) I ni ng at
| east one heavy netal conpound such as copper, nanganese or cobalt
conmpound, - usually in conbination with various other materials. Preferred
catal ysts systens 10 conprising copper conpounds (e.g., cupric .
i ons, h¥MAY#BBns, and at |east one anmine) are descri be&&%ﬁ%ﬁ%%%atent

Nos. 3, 306, 874, 3, 306, 875, 3,914, 266, and 4, 028, 341, which are incorporated
by reference herein. Manganese conpounds are generally used in al kaline
systenms in which di Palyatyleneethenesee typicaily peenared by omjdativesconplihg ofie or

oyl oy 2F bpterts Sirtiony R ThB DB St ilniRuba” PR TR Sseru
gamma- hy dagdyeadilasailible vidiolydnexyatoaatie cdrhpohads éx@z,er:@léldw [Mdrherein

functionalized, preferably. in solutjon, to formfunctionalize
pol y( ar yl €aeh &snisr methyl)angd epaly Qx iss hpdiagen).y Wherpmon theypolaper maay and m

are gs defji . [ of: nber Ct | 0 functi |

ar ouse, SSPEHHRE of, PopCre R pH R B I oy,
carboxyl , trimefh@phefilOEdRE cin PACHY: @A omé Kl is methyl ayid thdhetleemQRisi s a
A A LR T TN T
unsubst i t ghetheRty HHét4l 86mpdRAa rs@aws%o@sler,%ﬁﬁgaﬁ@\éid}gcéﬁmzéﬂ)gu? 20ut 1o

carbons. Again, preferred 25 functionalized po é/éfgrylene eth have a
| oner gl assuallysdngiombinatienpiihacarions othergpatemals. drefarred catalystosystdmosy as a

| ow.pr ocessi ng..t enper : i_bl r ef : | about 300 C, and
mos 00y of EPEBFi L TabeL SO mEehRR - chpror di R bR e p By

carried olgasbyoreoktiine) ag¢ describad rins 8. PatdrtoNes. Megcbr@,sq4nggoémgbesi s of=
a functionalized poly(arylene ether) 30.(2) wher ig X is anhydri de, )
hydr oxyl , 3&3é:306, cainh ok PRB:341d WRICY| ath ingdrparatedo by referance)deraid 0114035

on ncyl . FRRrereronpasal R berahapeath Balne Bt AR "8

* anhydri demanganese is present as complexes with one or more complexing and/or

15 chelating agents such as dialkylamines, o-hydroxyaromatic 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.
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exanple, trinellitic anhydride acid as disclosed in 'U S. Patent No.

4,642,358, or maleic anhydride, as disclosed in U S. P tgﬁ%PNg 1,814,392,
both of which are 5 incorporated by reference herein. Re o] DB
poly(arylene ether) (1) with a polymnerizabl e epoxy- containing olefinic
conmpound in-the presence of a free radical initiator yields poly(arylene
et her) (Z%wﬂﬂ%% i,n X is an epoxy group. Epoxy- functionalized poly(aryl ene
ethers are disclosed in Brown et at., U S -Patent No- 4, 99RCHYS00:218060hi ch |

i's incorporated herein by reference. Epoxy-triazene capped pol y(aryl ene)
ethers are prepared bﬁ the reaction of a polagar_yl ene ether and an
. epoxychl orot ri azi ne, "as&gn ¢ palytarglepe iether) oﬂ&c&mmhﬂd}ﬁﬁrgzﬁpé ed in

U S Pate o2k j L6, ] ted herein by reference.

Car boxy- f ﬁ%ﬁ“ﬁ%ﬁ?ﬁg%ﬁ% ﬁ?r‘%?ﬂ%ﬂg%{e%ﬁ%@?é?ﬁ% b ahahydside, for al . i n
J. Pol yner egimplpditndllitic anaydrite £9d a5 0B clos&bh Uanep a .Na.

4,746, 708, 88&%2&%&“ ane k{gc(grgg ted b refereﬁ&%ﬁe‘#’ﬁgéﬁgge?%rred
enbodi nent Compr i ses Tunét Forarf ?{)gllsa(tﬁP%//NQné:Slétm,d)o(tﬁbeﬂélehPe Xis a
Jeactisve funcoiporadeddiyavferemtedidresh. from the group consisting of -R OH,

R CO2R2, -R CH2=CH2, or vinyl, wherein R is a primary 20 or secondary

di val ent al kyl or hal oal kgl ?roi;,rpz having fromi-to about 20 carbons, an
. aLyI gr(iup agd R2 isRéFa_‘i‘ B&f o la?’é@fmﬁﬁéﬂey) él)hﬁthga&pupﬂitﬁvia{megggﬁ_l_ t?d
about Cc2bhensi a6hicQR ala EVAETAY t her with glycidol” yields
poly(aryl ene_ - eltnﬁggfl) . l( 2) H\E/\éwoer gﬁril @eiéﬁ%%é}eaatméi%élc@%@HgﬁatplwlsldsPat ent
Nos. 5, 128Paly{aviemsether) yehtrgimi Srameppry F{—@;p(l %ﬁcﬁcy@t{ﬂﬁé oaa?‘ descri bed
in U S Pa%glna Il\le(:)'e t4 746 -788. R%action of poly(aryl ene et her r( 32 ith
fictionali Lﬁgwcd'rrﬁ(;‘ffpfam SOTSRYmdtrovR ot YiePasent Dord. 22 B3on doubl e or triple
bondl@nd awhideistinerporsédherkin By f&reBed 0P foM09 328 R g1/ 9001 27906
group vyi el dt§1 %Igl( a%l ene eﬁ)heriy(Z) V\ﬁereﬁn X i%zleé%égﬂﬁ, Py (grylenadsed in -
U S Pat e, 2%, g#epaed by the reaction of a polyarylene ether and an

. .epoxychlorotﬁazine, such as a diglycidyl chgrocyanumte, as disclosed in U.S.

Patent No. 5,096,979, which is incorporated herein by reference.

: Carboxyfﬁmcﬁonalizéd 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 Rt is 2 primary
29 or secondary divalent alkyl or haloalkyl group having from 1 to about 20 carbons

an aryl group and R2 is a primary or secondary alkyl group having from 1 to about
10 carbons. - ' o

: Reactiop of poly(arylene eth_er) (2) with glycidol ﬁelds poly(érylene
.-ether).(:z) wherein X is RiOH, as disclosed in US. Patent Nos. 5,128,421 o'r'i
25 hydroxyalkylation of poly(arylene ether) aé described in U.S. Patent No.
4,746,708. o ' L

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



Reaction of poly(arylene ether) (1) an allylic halide under basic
conditions yields poly(arylene ether) (2) wherein X allyl. O her nethods
for 5 synthesis of poly(arylene ether)s (2) wherein X i 780¢

di sclosed in JP No's. 5,078,470 or 5, 306,366. Reaction of poly(arylene
ether) (1) with vinylbenzyl containing conpounds yiel d I ene
et her ) WO01/4BB8rein X is vinyl, as disclosed in U S. Pat %&ﬁs Po665, 137.
10 O the several synthetic methods used for poly(aryl ene ether)
functionalization, poly(arylene ether) redistribution with functionalized

AU RERER AR I e B A

Vol . and by H A M van Aert, in Mcronol ecul es, Vol.

28, 796?3%:{“?%5}%@@%& stribution typically occurs between a pol y(ar yl ene

ether) and a functionalized, phenol i.nert . sol fo

chl orof orm t ol uefgactden Dﬁ@o M(iiWéenq ﬁﬁleﬁg (2 glixdic X’Pﬂgﬁ ‘H’d‘ﬁe%s% agent

such as a i, thBY Matheds gop! ex W|th
FRERS it mebi@IGHARR) (EPRRELal X Wy Othoy e

N- net hy FOF exa behzayl peroxi de), . or,
quisnone ngresgm polyad]ie e&hét)st(e] whereing{ ;s4allyl apodisiclseAdnidPoNe’s( TNDQ) ].
Redi stribution may be used to formpoly(arylene ether)s wherein Xis
-COOH, GieRA =47¢198g |, hydroxyaryl, or ester as, for instance,
described in-the U S. Patent No. 5,880,221. After functionalization, the

next step requi rege@@ﬁsﬁloﬁq)dbj(atflaﬁétstMI(119dﬂp@ix»(lhelyt)drmmailmm§ (2) with

a poI y(or ganosi | oxane) havi ng 58 ture 3 J
, - Os compounds gie d@qu(agflp@e ﬁ&'}fg) égg Ig( gvm% as%_ichoséd in U S.
Patent No. 4,665,137.

10 Of the several synthetic methods used for poly(arylene ether)
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, Vol. 28, 7967

15 (1995). Redistribution typically occurs between a poly(arylene ether) and a
functionalized phenol in an inert solvent, 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, vihyl, 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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£




WO 01! 40353 PCT/ US00/ 27906 -wherein each R is independently a primary or
secondary al kyl group having from one to 12 carbons, a @i B 04
secondary hal oal kyl group having fromone to twelve carbons, an aryl group
having from6 to 12 carbons, an aral kyl group having from7 to 18 carbons,
or mi xtur¥9 W80 . Preferably, Ris methyl. Preferably, PRTUSIUEPNt eger
havi ng an average value fromabout i to about 1,000,000 inclusive, nore
preferably n is an integer having an average value in the range from about
| to about wiegenoschitisusdependedtiyagrimugforsatindary ailgl gfbug’ Hﬁﬁ@%ﬁo vi ng
an average valy % | D he range from about 3 to gbout Soo"inclusive. I'n the
above formfl ?')2 RPPLES, 2 pr secengary halos el grewp havingrfmoimcone toip

havi ng fr omwelvieccaabond, akBaBdiphen WHa - R ol ) secondary dival ent
saturated or unsaturated a?ﬁg:p gegitggﬂ%af\ﬂeﬁgéftreolrﬁn?ﬁ r#gﬁé,b%%tar%?ggq n
atons; x i SYBEITEM Gre: 1& Aerbenssop niighwres dhetteofir dueferably, iR és wdthylX, 5

sel ected f : : ISt hAg: -OH, - CH2= , : 0,
o boxy, TS URBOR o RS YAV, ap Ferids Yo Fiimabouh 1080 abyiyi ¢ b

(3) forms a,00qm09Qanglusive, mbhepiefaably 5 id maﬂegeﬂ%@h%aﬁ%vefr AR of
pol y(sil ox e range from about i

ne). (3). used for copolynerization 1s int
to about sghe, )%&&ffé‘?r&& “[H%Prg‘g 0,800 dnelysive and mastprefetably, ef israab! v
from about iftegdrhadfifptdn Sk o : the,ampunt .of .
pol y(aryl ene@get her) nnl}lorreréﬁuni tsl.rpﬁulgegﬁfg%eﬁoaﬁg&(ﬁ#é;htgé@gﬁg5godg?l%‘?{% by
wei ght of poly(siloxane) results in lubrication of the screw during
ext rusi on, whi ch canldberabeve farmabs (3heA dxta ssbstituted/oer un@lisdtiitgted

Sobut on  yeaneti Bl kviel BSEECHo APole b “HIbBH 0% o Rmarian at o

. raybe usedsecondaw divalenesatapated weninsaturated Syl gréupHavihe £8Hf | &) Yhall Nes
such as i rr%éiaz%lr?es ﬂ}uf@t efnary oniumsalts such as’ tetranmethylanmoni um
chlori de, CARDON LOMS, X IS ZEror @ one; it dinctional gromy reagtivereithX, f or
cat alysi s slectébfronneid @ouplconsiBRRRFLOTdidizedcpol wlarylene ether) ~ (2)
wherein X is -COON, wit ag epoxy- rodi fUiTg’d %igr y?$1éc(é<(§‘ﬁ\éf‘ 2 WEP n Y 20
is an epoxyCENGTEORner, prhamex iseers; hysieogen( RedutionXofs@)stith (5 dots hhe
reactive poly(arylene ethgr)-po}y(siloxane) copolymer. The amount of poly(siloxane) (3)

used for copolymerization is in the range from about 1 to about 80 » preferably

from about 5 to aboqt 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
tetrzimethylgmmonium 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



functional groups -OH -C(OCH2OH, or -OH wherein x i and Ais a

substituted 13 6 S E P 2004 WO 01/40353 PCTI USOCQO 27906 or unsubstituted

al kyl or aryl group, when Xis -OH or -CO2R2. In these H%@nggglr reaction
is conducted in the presence of a co-reactant selected fromthe -group

consi sting of a dianhydride, for exanple 1, 2,4, 5- tetracar %nhydrlde -
benzenWO @/4838poxi de, for exanple a diglyci dyI ether of M5 5'[5% A or ab
di al-kyl carbonat e, for exanple dibutyl carbonate. Where significant

differences in reactivity exists, reaction is conducted stepw se, e.g.,

di aryl cer lumsabstitagd allk}rlsd:r bwlrgnupedvhmt K as h{HﬁomyaC@yRs.uhstthtesﬁ ed

I I f | | d f th d t t th
Pycl oxy- BSGBE TEB: GPRFET HG °pr}e%qcspﬁae8&§$graﬁ£s &'ﬁr&r&!ﬁppeda |
88: 3;?2?/: glitg] %fs)an fdh:iﬁﬁ defle] ﬁﬁ%xﬁfhméﬁ @53@&&%%?&&&‘1 dritsti tuted -

foI >tiyreactlon f OF ned |nterrred|ate wth a
hydr oxy- bemmed apdieppmdeo anec)xamm:laadglwdﬂ etheraof Gisphenocdl 4s0E &ui t abl e

for _use i,h t n k exanpl e
omans P BUERBoBARS P aem P A RtariobdlE, Whersigpirhnt Biferefibes Shrre ©
such as iﬁda@ﬁbk%bﬁi@%?&@ﬂiomﬁshahdda&d si@xﬁletmgraﬁ@ﬁeuﬂﬁbmtém@ne (3) is
substituted byt reactiv func |on& rou | or aII \é\@ n Xis

hydr oxy, fitstré reacted |with qtgﬁtq Dok @E@Eﬁ ud ]?(@w Wor a
free rad f; Xi de.
Gafti ngfe%a%ogggﬁﬂggﬁfg %egﬁféﬂéﬁ%%%gﬂﬂilﬁ?&ﬂdﬁ ﬁi E)’gd rglé?ﬁoérgﬁl regul ar
units co@mdtlwly,mhﬁkommpped@alysalademthat) 12Qy sldne oeactgrhwithcul ar | y

a0 LA R G e

unsat ur aitrﬁ&uﬁ@dlﬁté With astidrony. s%p;i’éd blygsiewaneSt | Vhriantesesrimeio  ed ,—-"-‘?)
siloxane (3)-is 'a hydri: o su stltute siloxane. wherein Y is hydrogen and™
X is o vasalytsisyitabledppugsin Q/rwnon@aweknwmﬂwﬁ@aaﬂé nelgdgder havi ng

o PR et P R s

salts such as tetraalkylphosphonium hahdes

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



or palladium The above-described steps of poly(arylene ether) synthesis,
functionalization, and copol ynerization may occur in sol u@i Srﬁplm%pe mel t,
or a 30 conbination thereof. Prior art processes have generalTy uired
isolatiorwof14ess S E P 2004 WO 01/ 40353 PCTI USOQ 27906 eapdiggopsogdi at e
after each step. Various isolation techniques are available for the
separation of poly(arylene ethers, their functionalized derivatives, -and

their copehyRiterraédia ' & . enbodi nent, synthesis,
functional i zati on, _colpf)el a)‘%éé?eﬁ?lﬁ?t% f!‘%ﬁ%élﬁé&{]%%&g&f@&‘ﬂuqsﬁfpéﬁ’? ledaips
occur via the saparation abpqly(ardese eilien)sytheisfinetionaligld AdpvdtiVes rdfﬁﬂh-%hfs-
Accor di ngl t ol ryvl ene_et her ol ution synthesis step(s), the
resul ting %%II)@?%{'%? eﬁgtegt Wﬁ{tﬁeéﬁl ut Bn g sl;rle ¢ired c embpdimentyosinfthesisj on
vessel  whnetioablitdtion, bowsliner & rhvaonoih ke ' ol ymer forpation
occurg sequentj al | y. Th%_!ms]%]:nSt i_on cor??égli.ni n&ﬁ?HgEﬂc%glgl%%%ﬁgqsso‘icﬂéﬁmt r eat ed
to ef Pect 4BMSPERIPERSSHTItha iselption pfthe intermhediates, sol ati on of the

pol y(aryl ene ether)- poly(siloxane) copolyner is preferably carried out in
a devol atilizing ext ; t hpds invol ving precipitation,
spray drying, w ped %%?n&ngyé%{g%glp ?‘ﬁgﬁgfé EESS\@@PQ{W%H‘EFW tepls)vessel s
wi th™ nel t,theuepaltingpoly(diyiene etherJmotutionts thatifeR®dits\WOmbdRSe sEgt hods
are al so L{%ﬁé ls&ﬂ Obn sogE 1.5 instagcei Preferred. I n_these techniques it
i's highly preferfedopnitictigpalization apd solutign; eopalymer yforsiativanovairsbe -

~ conpl et ed sequehtally.i The RohARAS GG ' g,t,ﬁé t emini.ng in solution
w | | ecessglr i.Ié E:té i sgl at ed i?\ thgﬁggﬁ?%gﬁ ne %?h%lregj-ﬁgﬂeg(& ?ig%ne) :
-copo‘@maré'.so BHOB| ¢k the sopelymary Kher §nahdsqlatder sefe thepolagytens netheg)-ar t and

Lypical |y popfsilay: i N-sSCY ruder cequi.pped with nultiple venting
w:sections. fgﬁ)rﬁgo{lﬂv@u?%ro @%‘#ﬁ%ﬁgﬁ%@@%r‘%m@ ?%EQR @)5??‘{?4@]‘ ZIRE n
contai n s@ltbaughi othenumetimds irtvppeng oreelftRivs gstapt 8 iher ﬁﬂﬁr ations
as sinpl ee{,%ﬁgzg[i g&,‘s ﬂagol atili }zﬂat i on f@\gﬂ pIii qui _seaP fﬁ’?‘fﬁgt |‘§E8& ese

el ements Mok ude Yol day §Y4RqTgHIE2ad vessels with melt pumps, including

| various combinations involving these methods are also useful and in some

15 instances preferred. In these techniques it is highly preferred that catalysts (e.g.,

metal catalysts) femoval 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 counterrotatipg, 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 \lrarious
manufacturers including Welding Engineers, Inc.

15



el ements designed for sinple transport, and reverse-flighted screw and 25.
cylindrical elenents to provide intensive m xing and/or cr \tﬁe eal .
Particularly wuseful are counterrotating, non-i ntermeshiﬁ"lgfg 2 ew
extruders, in which one screwis usually |onger than the other to .
facilitate efficient flow through the die of the materi | t ruded.
Such eq‘ﬁ'PM 3is available fromvarious manufacturers i %ﬁ%’?}%ml di ng
Engineers, Inc. 15 6 S E P 2004 WO 01/40353 PCT/ US00127906 In a preferred

The S0l vant ) dne brstared ehbodiErestt SaRraB commSen Bre-poncovaTasion (oarkial " *
concentr %hg&atfd?ﬁof‘ﬁieoéoé%tE anll dé%lﬁﬂpﬁ%h -é)&nps‘iaﬁvs%g%é?y D%\Lﬁgifalaeki on,

preferably at an elevated tenperature, for exanple In e rang rom about
150 5 t o caboentradoG, themeajor epantanf yhe rsalventr sngembrved by avapdfatidrg about

260C, and/or_.al eyat lesin h f bout 2 t
about 75 5eierasiy 3y Bh eyl fiorahitie, R IBuTIE B e S o sl a580 bar
Pr esconcegtbaiit §50°G, mbad prfeshHly ikl evotaidd fraaf Alsuted t&hﬂ&ﬁ]gﬁéwve the

residual solvent. As an alternative to conpletely isolating t
pol y( ar yaadéorelgentpd pressped, jorsenagplady thorwigefoom aboat atomboat ygbans maybe

added to._ .l {ze I ryl t her) - pol y(sil oxane ppol ymer in

The- samo g AEEReR in HRER B o ftabolE 6 G 58 BaY Prefatoeiratidns

~ devol at i koltowel by devslatilipatidwegiusidditbirefive th rédid@aBsdental so be used.
Possi bl e variations include nelt feeding the one or nore resins |nto_the

devol atilizing extruder or nelt feeﬂ; rlg { he poly(aryl ene 15
et her) - pol y( sP¥SoRBnBYCTREY b2 r CAPBIGLelN e 150G the; Prhdasleneidetherht o a

seqgnd Pﬁ?@ﬁ}tﬂ&h@ﬂc wgf,;mgezod;vg‘bke iﬁé’ﬁﬁéf%tddéﬁa%l d;f&{m%'&%slaﬁmsdone or

nore res can vary widely an al so 1nClu i'ves common to suchg_‘.‘ﬁ_,
conpat i bpblyfaxylens ethedr)-pavtdilaxdde) copayimeriindbe sameqirocesk. f The sne or

| ubricants, fl r d i S.1-COl or ant fillers, ,rneinfqgrcin
agent s B gsEEERy BB fie, PeSBE RS iARe S ides aiphodin, sdofhenal, 1y
pr ef er r egxten@edimzEnalsobensed o PaksibRi vafations include melt feeding the one or -

more resins into 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.

In a particularly preferred embodiment, functionalization,

P

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
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copol yner synthesis, and isolation (steps 2, 3, and 4) are a continuous
process - ef fected by solution functionalization, soluti &p{pgiteri zati on
at low tenperature. followed by solution. polynerizationh at high

t enper at weeoduds25 pressure, and finally nelt copol ynmeri zagd®QOsoeRrsker abl y,
elt polynerization and isolation of the copolyner are perforned by
devol atilization. The sequence of |ow and high .tenperature solution

co- pol ymer i i OP, f%hl oywed devol atilization extrusion serves to

i ncrease tﬂéﬁ’tﬂ!@ e eEE@oI%ﬁ?Htﬁéﬁﬁﬁﬁﬁﬁiﬁe metiotialigition af¢ Enowa| fdrar y! ene
ether) sy hS i ' p | ane, et her ). 1S treated
so as to péesul léinrlla-stg%ﬁﬂgﬁﬁfﬁ%%%@gﬁ%fﬁ??égh%é?%%ggﬁﬁpr g@‘l%e\?é é‘fi‘lﬂﬂ?% :

PCT/ US00/ 2izguefeprdds(ar yl ene ether (2). Solvents for effective
functionalization are known, for exanple inert solvents such as
chl orof orm tol uene, Is preferred. Sol ution

hl . Tal A |
.copol yner formation ?@ﬂﬁgﬁt cﬁhﬁfﬁrgzrggs”gﬁﬁﬂﬁfgﬁe nextcapidiajeds i 2Selubien; s

generfl | y @ipbbaherzation Rgeaesdlly éfedted bR MBI, ut 300
C, and at y;'qujlesiur es.in t%r angre from‘aboutﬁéfgtoegg%?@gﬁgg%g?ﬁpa eaction

times vary? U3PQIC, end at paessurassn the npegesframebartd tpabeatiteo bt are
sobut on cRacsh GAR0Sa: QBT off e {8 cBAB temBerititts, and pyessoie, bt

sol ution co-polynerizatifon*occ

t enper at uraee typically istherrangé &om abduo3a6abdut BoHais.t enper ature. and/ or
hi gher pressure step. The low tenperature step is preferably in the range

from about 20 to agﬁ_u iﬁOC, and prefcirably at about 60 to about |ooC .
Pressure is prefer Ftﬁrf‘ vy $rlubign se-Belymerigation ocewrsin dwo steps, Bdirst, The

secomd solieiitempes Aot BR predéidbibs, -93@%‘9{53 r*&@@%“‘%%r&f‘l%g"g@)f Lnd nor e

-ptessure, preferably in the 15 rande from about
pr ef er abl Wighermressiragte: rim loattempaeurestep apreS@ably iy @eydnge formn t he

Zbout 1 o ABOUEED 6 abSuERSG, aBApreRun B Ahoic Sotethoniiaogres Frfsraepend
~at | east” tpredefablyin fite fARe!fPGiSabout 1 to about 1.2 bar. The second solution '
copolymerization is at a higher temperature and/or pressuré, preferably in {he |
15 range from about 150 to about 350°C, and 'more‘preferébly in the range fron"L
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]y_rnerization, and finally isolation of the copolymer. Melt copolymerization
_ and isolation are most preferably performed simulta;leously by devolatilization

extrusiox; co-polymerizatiqn. This step is preferably-perfonnéd at temperaturés
in the range from about 150 to about 350°C, using a screw sp'eed' 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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Sol ution copolynerization is then preferably followed by
copol ynerization, and finally isolation of the copol ymerﬁ. %Ib[ Zﬁﬁlf

copol ynmeri zation and isolation are nost preferably performed sinmultaneously
by devol atilization extrusion co-polynerization. This step is preferably
performed at tenperatures in the range from about 150 ' tg-ahg 0C,

usi ng aw&?lé‘wsg'peed in the range from about 50 to about #\%‘oo rgfrﬁgﬁd
residence tinme in the range fromabout o 25 ,seconds to about .15 m nutes.
A high degree of copolymer formation occurs in _sonme instances during a
singl e extrusion st &pe abpve-deseribed proqessas amgesuitablacfari ihe formagionyefar yl ene

Furcher 1 REVEARIRTEheRRBA b EpBhfess IR DRI BRISED, *°

PfCT/ US|OOé ﬁh@lﬂﬁn Fhis aﬁl‘bﬁi&‘ex}d fsa:zqulp,ee:ktm hy@mzlﬂkyh eirg;]gx,iatmiaioe lof anyltglfreuﬁ,or rrﬁt i ;)n
(0] PO ar ene, et r)pol SiI.l oxXxane). (0] nmer s ram ar en ether)s-
21 Pones and ractiepalaRBRIROR kD Rorein t Brar B0 2Ry Ry M no. by

al lyl gr I ko Ohy&dxvasansy i lerein Y is an epoxy,
am no, hy rorfﬁ%ﬁgﬁa ’ﬁ?&?bxgm I?)S;I e,'sq‘nydr O}S?‘a?w, hydr oxyacyl,. or allyl

group. Anot her enbodi nent conprises the copolynerjc reaction product of a
vi nyl - nodi fi ed pol yoapthesembadiment comprises diercorolysneriayeactiantiroduci ny|

st opped p (8110 | Nt [ . Skhce o] rizatjon is
by a1 recdt ¥ lietted ROl RFER Bier) o el B yRRAT IR A O
gener al | ystopped poly(sildxAnet(B% wissrbind isarhylc Sinuel copslynheriadionl iy By aifeed eact i on
product of_a hydroxy,al.kyl-rmdifie? oly(arylene ether) (2) wherein Xis a
hydr oxyal ¥adical igechagismy, @ Jupdurg, o @Pc ﬂ}%ﬁﬁﬂfﬂoﬁﬂﬂﬁ’éﬁj 15 gepeEloxane)
(3) g Whersidigteds 1, Ais an alkyl or aryl group, and.Y-is a hydroxy
group. Co%llo ynerization in this 10 case occurs in the presence of a

co-reactant as discussed abqve. Another enbadi ment conprises N
t he: copol yreri ¢ r eadnoiher gmimhdimenteoraprises the-copalymeric prsicyicaprbdnet et her)

(2) wher e(i) a %y&r%xﬁalﬁ?f—g%éﬂﬁgé bgfy(%?éffé ether) (2) wherein X is a hydrqualkyl,
with a hydroxyalkyl- or hydroxyaryl-stopped poly(siloxane) (3), wherein x is 1,

kS

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
présent 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 tésrninus
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
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wth a wth a hydroxyal kyl - or hydroxyaryl - st opped pol y(sil oxane) (3),
wherein Y is a hydroxyal kyl or hydroxy aryl group. B, océ& gﬁml rs result
where X is an 15 end group as shown in (2). Formation Yof d‘? ﬁgol yners

occurs wheo /40853 present along the poly(aryl ene ether) chgp sﬁwf‘fs»hel.l
further enmbodi nent conprises poly(aryl ene ether)- pol yorganos’q oxane
copol yners produced by hydrosilation of an aIIyI- functionalized

I I h drid t 20
4 2?éaﬁﬁﬁéﬁﬁﬁ%ﬁmﬁﬁéﬂ%@ﬁ%@% ufed Thetk gtartal E%?t'pe”é?a%med |
copol yner s barknowmdouts frabuding! seealidtiie O?ti‘%falﬁ(aé’-ﬂé a%%gg) %\“h%/l ;lﬁg

nerati o i Hear

roups at the.t nus, of th ol.ymer_chains

gl OCE copol%}-ﬁﬂpgﬁ“&lﬁ (s, flescm Bt ?%Q")esbﬁd?fhadkhf@b)\&ed d)yZaerlbvibncoﬂ‘ dRet i ons

and pol Ol‘gitﬂp(?a X o] po r chain

are Bre?err H t@ ggggﬁr\y/gn;@mélpq b ld%a§§ ’éhﬁ%"gl?(ﬁ&ﬁ?% féﬁg‘ﬁﬁé'ﬁl oxane

graft %opol esceiped hrishiicat alpmM(:me}chmmust‘thm@]o aptér 2%0385\0

01/ 40353 PGH,U unctlons a ,

These mat eSH?F %ﬁzﬁf‘%‘?‘ggé g}g%yg&?é E’F h qth@lr)mn» porgamosiloxaneon of a
I I lae @shen blygaryled e b Chal k

Fgl ?lf)\?vreé g Ia% ?onpof t he e%gllay g:ﬁ)gltdgﬂ}e ergﬁél?%%lﬁhg\léﬁ}‘ll hEF de)

Such all yI' ‘éﬁl‘gf( Belyprganosil %%C@P@lmﬂalmammnbecsmﬂ whips, p&t al in

M cr oel ecthm]é@ﬂe]'ﬁﬁ&@_)l ogy, Chapter 32, pg. 485- 503. For the generatlon
of crosslinked poly(arylene ether)- polyorganosiloxane at | east one of a

poly(aryl ene ether) contai.ning greater than 2 allylic groups per nolecule
or p yorgan05| oxan 0 rsanay be ated withr cule
i | oxandhe binckicapalyroetsaney be Famn tafid Wit et ke ofRLECy!

d. - be f | at ed th re ot her
1 ers”or MR RSl PIRMEF PRI Sl Hi, hnte extppicnat et

‘of such aaiffitivessimclude flaee fdtﬂiﬁnt@bﬁi’sﬁ@ﬂbx% ﬂ@hﬁﬁ{)hﬁitéﬁf ﬁmrIg% rTDt ers,
plastic resi I ncl udi ng nylene

i norganic (; t:hg z]h or 1ot her therrri)
et her)s or?SsY1ik areepiasiqrssmssiaciuding pebi(pbenylene atherjoor ﬁioxam@lsy)@st ers,
mal e.l‘ i degh@fm%&@ﬁigﬁreﬁ%% 8h1éh as epoxies, polyesters, maleimides or cyanate esters.

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 silica, 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)-
poly(siloxane) copolymers are extremeiy useful for envxronmentally bemgn tire
applications, as the poly(arylene ether) portion of the copolymer is compatible
7 with the styrene-butadiene rubber portion of the tire, while the poly(siloxane)

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

The poly(arylene ether)—poly(sﬂoxane) copolymers are also useful
as additives to other thermoplastxc or elastomeric resins. For example linear
poly(phenylene ether)-polyorganosiloxane c0polymers in particular have use as
-impact modifiers or flame retardants for thermoplastlc blends. When used as

30 additives for poly(arylene ether) resins, the resulting blends genera]ly have better
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15 The pol y(aryl ene et her)-pol y(sil oxane) copolyners are useful as nolding
materials, for exanple as resins for electrical appli cat@o@E,PiZﬁ(Wdi ng
encapsul ants or resins for printed circuit board | am nates. the copol yners
may further be used as as treating agents for fillers such as funed -
silica, quartz, particulate glass, or clays, or as sizi or .
gl ass, WO OHABAdt e conpatibility 20 between the pol ar sur?(g](;@g%%ie
filler, e.g., the silanol groups of glass), and the polyneric nmatrix. For
exanpl e, fumed silica treated with poly(arylene ether)- poly(siloxane)

copol yners cmpavable peoperties sichf as irepactr sinengthaand/oveflame netardancy
applications, as the)poly(arylene,ether ortion of the copolyner is

conpat i b|a@%/mﬁﬁ~’§ﬁ'8k§£9¥ O HAdAr BBy e r portion of the tire, while |
t he pol y(siloxane) 25 portion of the copolynmer has a very high affinity to
the filler. The polpeiybarionds hatheritluytraiddibyaria) follopdhy monslinritingl so
useful as additives to other thernoplastic or elastoneric resins. For
exanpl e, exapgaes. pol y(phenyl ene et her) - pol yor ganosi | oxane copol ymers in
particul ar have use as inpact nodifiers or flane retardants for _ -
t her nopl astic bl ends. When used as 30 additives for poly(aryl ene ether)
resins, the resulting blends generally have better 19 6 S EP 2004 WO

01/ 40353 PCT/ US00/ 27906 or conparabl e properties, such as inpact strength
and/ or flane retardancy and/or | generati on under burning.

exanpl es. The invention is further illustrated by the foll ow ng

Rodi st 1 BURRGRTan AT AT BEPR W e IROETC Ol P on” o a

poly(arylene ether) by redistribution, goo g of the poly(arylene ether) is
di sgpl ved with sti riniaitypi¢al probédurefonthe hiinetionalizatdaCof arpalyfasyiese D

ot hanol - e ByTedistimtiah, BAS TS pilvlasviene st Bafsoed WHE SRR o)
and addeq, t,0;LRCoMARNNR 24 6°€ fBF BHours O8éfidrately, 10 mol % of a 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
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10 0.1 wt % (based on poly(arylene ether)) of 3,3 ,5,5 -tetranethyl-4,4"-

di phenqui none (TMDQ is added, the reaction is continued fgr thﬁw_
another 3-g of TMDQ is added, the reaction continued fo_B rEe y and

t hen ano g of TMDQ is added. After the |ast additi t he
oreacti on‘w_rznﬁg(1 @?Sé; is stirred at.60 C for additional 3 hou?girﬁflglg% of the

m xture is then poured into 15 15 liters of nmethanol to forma precipitate
and stirred for, 15 m uf es. J&wfltoganol phase is decanted, and another 15
liters of STPURH: ABdA -br1ge eugenolands2-allyipheneb(VANEL){ whitle second

hal f of t 1 'ﬁgng | h . anol . m xture. The
obt ai ned - Sﬁﬁlw&ﬂre !gﬁd‘fﬂsz‘u?Q%?Q‘?ﬁ'gb%’rﬁ&ﬁgﬁ&%&&&‘%‘%ﬂt&@@aﬁ ed, and
t he remai pragamedwbie usings e icr less phdnoMderdvativenrélaiee ko tthe arpbuiebhanol .
‘The powder Z’FS( dr,i ed 'ﬁidrgr ﬁaé um at 80C ovebg ht. _Functjonali t¥ cont ent
and ol ec RO RArHE € 3Pl e B HIBIATERS N egpes of chinghignahzgdisi ng
pol yst yr ep@hAhaylené Bther)sQAsedlin Phe BRhmplesasklé®! - pol y(aryl ene et her)
*functionalization via redistribution reaction include
4, 4' - bi s(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 i-allyl-6-nethyl phenol, eugenol and
2-al lyi phenol (VINYL) (which provide ally] functional groups). H gher or
| ower functionality content can be prepared. by using nore or |ess phenol
derivative relative to the amount of poly(arylene ether). Table i
“summari zes the properties of functionalized 5 poly(arylene ether)s used in
t he Exanpl es bel ow. 21 6SEP2004 WD 01/40353 Table 1 PCTI US00127906 Sanpl

£
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|V of MW Mh of Phenol Mm Mh of Funct. Funct. e PPE*PPEUsedProduct Typenol /g
No. Si 4656100/ 24800VAL18300/5600CO0H1L0 S24656100/ 24800, t@g%g;gg@ 7000H26

. S34656100/ 24800Et OH18500/ 53000H34 S44040000, 120100ACET4 6460/ 20
S54040000/ 20100Et OH15500/ 25000H24 S64040000/ 20100ACET15800/ 2200COCH33.-
581413400/ 2400ACET7800/ 1700COCH13 8946.56100/24800VINYL% §%ﬁ#@é YINYL81 B
1V | MO8 viscosity of the poly(arylene ether) (nL % ured in
chloroformat 25 C. Exanple 3. A Solution Synthesis of Poly(Aryl ene

et her) - Pol y( Epoxysi | oxane) 5 Copol yners 30 g of carboxyl ated pol y(aryl ene

et her) (Table13. 6500 g/ nmol, 120 gmol COOH/ g pol y(aryl ene ether) prepared as
descri bed above Si, Table 1) was dissolved in x40 nL of toluene and 3 g of

t.h —H—7ed ety sit ¢ Foups—petreha—t bei n
Lerni nal | SSPBT h0% He e/ N 81 y raiepgl | pMAAAE of o) Bunets damet fne
m xture MWa&s he ﬁ, < G .C and react,ed fgrdZEours.iNith stiryng at loo .
rpm The| tol ue s ved by e*ﬁ‘%ﬁgrati Hathe rdsidlife o4& dd under

vacuum 2NG- t hen subjjected to extiractionf with heptdne using a 22 § SEP 2004

WO 01/ 40353 : -
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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PCTI USCO 27906 Soxhl et extractor for 15 hours. The extract was dried under

vacuum and the poly(siloxane) content determ ned by FTIR %@@ Qggqt I on
yi el ded 21% copol yner formation based on wei ght. Exanplé& IB. H gh

Tenper atu;‘e({z@'l ure Solution Synthesis of Poly(Arylene 5
et her) - Pol y{ EpOXYsi | oxane) Copol ymers | mmediately after red& {0246t of

t he product of Exanple 2A, was poured into nethanol to induce
- precipitation. The precipitate was filtered, washed w th nethanol and

dried underSaxdeuextréctor fir 15hheusatFid e;&rmavagjaﬁggldﬁ%ri ““@98*“@? tol uene
in a Soo- m&f@i’@ sure. st aj nlgss steel reactor, 10 heated to 1% bar
pressure d BQ&HQAHBH@N etepmipeddy FHIR. rHie reastionyieldedres ¢ i

m xture wasfoeRtiod BaRed BE w tenperature, the toluene was renoved by
evaporation, . the residue was dried under vacuum and then subjected to

extraction wth heptane using a Soxhlet extractor for 15 hours. The
:extract was dried under vacuum and the pol y(siloxane) content determ ned by
15 FTIR The reaction yielded 34% copol yner formation. Exanple 2A. Sol ution

Synthesi s afxBohbGA Y - ' h|.Oxane Copolyners 30 g of
the carboxyl at d)éplol y(aty gﬁggé%tﬁgg)ﬁééewéggﬁim%t@%& ¥8 vEABYlgRe in
140 miS5 of tetherdrRolulpokysiloxant) Gopelyamerbi sam no- st opped 20 pol y(di met hyl
si | oxane) (average degree of polynerization =10) was added. The m xture

was heated to loo C gnd reacted.for 2.hours with stirring at oo rpm -The
toluene was renoved Vné?fﬁ%ﬁyaﬁ%ﬁfa?%"rpégﬁ‘\# e\B&Qd’él‘Pti@%N@mlde 2dawasim

dth preed t H 1 i . t for-

and then spbjiead éistot Methenohebiinfud PhediSRIAGS, Uﬁg@gﬁ%@gﬁgﬁ( E‘-f#ﬁ@iéra tor for

15 hours. ThE ixt_ract s dried_ under vacuum an
content 2aghe rméﬂe‘ﬁgnﬁ apd dmied uader ivequumd Bog 3akisnabiereN was

ey a1 SFRoReacR A3, 0P GHANIAS BT HRCHH LA SEAIRL Secd ey,
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 toltiel_le and 15 g of an a,e-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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et her) - Pol y(am nosi | oxane) Copol ynmers I mredi ately after reaction, part of
the product of Exanple 2A was poured into nethanol to |ng

precipitation. The precipitate was filtered, 5 washed V\Bt ﬁ@t%&h}’m and
dried under vacuum 8 g of this material was dissolved in 40 nL -of tol uene
Iin a Soo-nlL pressure stainless steel reactor, heated to bar
pressur\-f"%‘!é(?‘&l Yped) and stirred at 50 rpmfor 0.5 hour. iae rgggz‘%fon

m xture was cooled to the roomtenperature the tol uene was renoved by

evapor at i t.he subj ected to
extract | o R bRE Rl HEH TeiEe AL PR SPRIR S M Poly (Al
extract vedsef)-Peli(amisrsilurane) Candytnees poI y(S| I oxane) content determ ned by
FITR The reaction yiel ded 80% copol yner fornation. Exanpl e 2C. Mel't

Ext rusi on nt hesi s_of Rol | ene et her Io ane) Copol ymer
T 5000 0f the ol SHRmAREEY Sk Frction, petiot IO oF FrerBls A o
descri bedpéﬁ}eﬂ%t@%ﬁéﬂhhﬁél ?o“qﬁ’d\?cezgré&%l?at?dﬁ r 'Sl%%dgfé% tﬁ%‘ wits %iéﬂé&er

under the conditions described in Tabl'e 2.. The e ed products were

driedl ureashedawitinmethamolt and detbdusnder aagounl e8 gxafrdids onaterial wapt ane
f 15 ho t d Pol t ent
e det erpiluedt SO RaC it o R BB slsS A FeRckarf on.
24 6- S Bdiedfo 48>0 Hcﬂ@frﬁ%eiﬁﬁleqe%elo%d'] aﬂ&ﬁﬁé& fat Bb' i #6625 ho

PCT/ USOQ 27906 Screw typeTw n sel f-cl eaningNose . T 0 C Scr ew I engt h

25D - Zon&he reagiorcnpixturet wasl eogigiddocthe: mmna;eap@e@me, thafolnens: vwas C
removed by evaporation, 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

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

20 FTIR. The reaction led to 88 % copolymer formation.
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Vacuummot usedFeeder: 130 C Exanple 3." 3 g of a poly(ary, e@ m
derivative containing primary amno groups (Mv = 17200 asured
by GPC in chloroformusing PS standards, 19 NHZ/ g pol y(aryl ene et her)
pr epar ed ve ot/hasspr ocedur e described -5 above) was di ssol veglt/sdok7éds Of
toluene and 0.15 g of the epoxidized poly(dinethylsiloxane) was added. The
m xture was heated to 100 C and allowed to react for 2 hours with stirring

at 1 oo rpmraEiest ol ugks;. H@{:rp}z‘?gl 1@& vaporation, the residue was dried

under vacuum and then su jected "action with heptane using a

Soxhl et ex Jjum and

t he pol y(sjToxan i el eleaniig " | NGSe TeMB: e [ edct2em®Ced th 9 %
.copol ymer ||||:u| na—Bxanptes——3—+H-ugtrate—that poly(aryl epe

et her) - pol y% g ﬁ%’) Iyrrer f or mat “OR€depends on tihe289ABi nat | on of

f uncti onal H-—es—preset each—conpoment and the readtion condit]ons.
.Conver si on ]P ‘Ffér I’;ﬁrﬁ}m can be 15 ¢éeneguousl y increasggedy sefuenti al
reaction under three dets of reaction {conditions: firgt, solutionjreaction
at 100 C yneR&edat nospH&aarmmessure; skZone3: sol ution $@n at| hi gher
tenperaturie (240 C) and higher pressure; and third, mi;lt extrusi on. \Were

all three |[S{apumr e pgnfobrwed | medi at EFyeddibsequent Tt 1%% orfier, no
preci pitatlion after the second step is|necessary and the t“eacti on 20
solution is transferred directly to a devolatitizatiom extruder—Hi gher
. conversion 25 6 SEP 2004 WO 01/40353 PCT/ USOQ-27906 may be obtained in a
devol atl | at | o extruder conpared to a classical polyner extruder, due to
better - in the presence of a solvent. Exanple 4. Melt
Syt heS| S of PoI y(ar yl ene ether)-Pol y(sil oxane) Copolymers by Reactive
Extrusion. 5 In ord gloPa 1Bfe & B f singl e-st e
formation of (aryl engﬁ%ﬁﬁg - po%{yhggggfﬁﬁ E@%%(‘) gW BPI ve
‘extrusi on ETARBS t( W = 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 determinsd 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
componsnt 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
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conpare the reactivity of different grades of functionalized poly(aryl ene
ether) and reactive silicones, dry conponents in the amounts indicated in
Table 3 were dry bl ended and extruded under the condit. EﬁZﬁﬂ% in Tabl e
2. Co-reactants 10 conpri sing 2,5-dinethyl-1,5-di(t-buhy%ﬂg e hexane
(DHBP), 1,2,4,5-tetra carboxylic anhydride benzene (DIANH} and a | ow
nol eculVd 0Wd#¥ht epoxy (EPI COTE 828, avail abl e from Sheff @?@?W@gﬂ Co.)
were used in sone Exanples. Results are presented in Table 3. 26 6 SEP
2004 WO 01/40353 PCTIUS00/27906 Q1 wC O VONU MI co0 0O/ N O

ter) z 1%a§)be -dbtdihelnQ devolatilization extruder compared to a classical polymer
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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28 6SEP2004 WD 01/ 40353 PCT/ USOQ 27906 As may be seen f ain
Tabl e 4, VERAKNMIEE 4A and 4D denpnstrate that reaction w IBCTAUSIOR7496t Ween
the aromatic hydroxyl groups of poly(arylene ether) and the epoxy groups
of epoxypol y(siloxane)s. These sanples further indicate that phase

separ at i omAs ipineboseen omethe gdtain Fable AEXainpls 4AQINE 4D QI B Rar E{%I on,
(Exanpl e 4D, IV = 1'?

I nol ecul wei.ght 5 po a ene et her)
rg\évul ts i ld“?lr IE%B‘P‘WF& E‘? Gy?gmhéby‘é‘ﬁxﬂag'ﬁzﬁstﬁa’obﬂh%’#nh|6§:h¢e}aqnhhnepmcy end

group contgeéips ol @PoyipBiy(AIRKSES. AThaR seib1 ther ). (Exanpl e 4A,
iV = 40). Bﬁ?ugpher g%ﬂg}rqopl(c chgﬁ)ent e QIPE es ?&Hﬁé{‘ HAL D Gaf phase separation
. phenomena may play an important role in copolymer fonnatlon as low molecular weight

5 poly(arylene ether) (Example 4D, IV = 12), which results in lower conversion, has an
almost 8 times higher pl_ieno]ic end group content than high molecular weight
poly(arylene ether) (Example 4A, IV = 40). Higher phenolic content may lead to

| stronger repuision of the low molecular weight poly(arylene ether) by the apolar

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

10 copolymer formation is obtained. Similar results are dbtained 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)
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stronger repul sion of the | ow nol ecul ar wei ght poly(arylene ether) by the
apol ar poly(siloxane)s, such that reaction between thedétgg'ﬁédm?al gr oups

is hindered and | ower 10 copol yner formation is obtai r@e | results
are obtained from Exanpl es 4E and 4K. Conpari son. of Exanples 4B and 4C
show t%%&g 3 ion of wunnodified poly(aryl ene ether) angnisihzrsisopped .
pol y(si e?s results in radical grafting under the extrusion

conditions. The presence of peroxide 15 accelerates the grafting reaction,

as evi depced. b@'ftﬂ %‘b% | Lo ARG | fescticidizedt anl crease
obse.rvewngﬁ%rrp e : g‘?ln?eot e proggg}tﬁf wer e ngtdijgﬁitn c’ﬁpg)r?oform
hi gher gfxanipled 4kandsMhki ng reaction can be excluded. Use of peroxide in
t he copol yneri zati on of poly(arylene ether) functionalized wth vinyl :

ith allyl-Pol i i . i t 2(0
DEvann! o5 AN any ASPYETRN 0 ncatoElSticploh s 30k, LEREER WiGeed( 0 | |,
copol yngiply(heylené edierpderivatizod siithr aiphiatiy hydrowd sragsydmt ypeaegrotiper )

derivatized wth carboxyl functionali.ties_and droxyl -functionalized
pol Y (si lafpehdsiloxanely(fxample 4dn eP%BQPnPigﬁPFSP%éJ\ME apetiErgrgdenc ot her) -

derivati ] Ii:.p[(f‘&%? ' Ik % ' I ted
pol y(si I'cg?(l gﬁ&%&gm e &&%ﬂdﬁ@hf%@ (‘:Aggg? gme i 5%1??2‘?1&%‘3?\%%
pol y( ar weight etnide finctionality icontenti yielded ibgysame wesultondlurthersmeneg
am no-fupctional i zed .pol il oxane anphe - .4 Is Jnternediate. Wth
Fespoct gredtn e seRpR STl AR paliGlokspe s BBRSFEher 1 2ot 1 on
I S incrmwabﬂvée%ﬁgghng nol ecul ar wei ght\'n of the 30- poly(aryl ene.
et her Exanpl es 4E, 4K and 4L). Use of an epoxy co-reactant provides
her) ( I d ) f id

greater acceleration of the reaction b tfeen ol.xéar | ene e&)h r i9 6 SEP
20t% WO 01/ 40353 PETFRISERFANHOS FeRVIFSE | ok TRCHOR A EENEEN g 8@5@9’ nd £
epoxy- f ‘mﬁ&ﬁﬁﬁﬁe&ggﬁgﬁrﬁ% lﬁ:@&%ﬁ@t)ant (Examphe 3 HLisehidré Meficiett Rhagi ngl y, no

copol ynmeri za bet ween _
dianhydride co-reactant (Example 41}, although the molecular 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 compatibility of the dianhydride with
15 poly{arylene ether). Additionally (or alternatively), EPICOTE may act primarily
" as a chain extender for the poly(siloxane), 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 highér poly(siloxéne content and high
molecular weight. Since these samples could not be molded (due to cdating 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(érylene ether) (IV=0.46 mL/g). Blending of Example 4A and 4C in-a ratio
1:2 yielded a cbrnpusition have a total poly(siloxane) content. -of 1.2 wt. %
(Example 5A) and 1.3 wt. % (Example 5C), respectively. Two commercial grades -
of pbly(aljylene 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



poly(aryl ene ether) derivatized with aliphatic hydroxyl
of. pol y(sil oxane)s (Exanple 4J).

groups, 5
anot her grade
conpar abmeo exdeasul ar
result. Furthernore,

of hydroxyal kyl

pol y(sil oxane) was observed during reactive extrusion.
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.extréct abi‘¢m&tyncﬁ(ES@R) isshgwmiih@able). Exanple 5. Properties of
pol y(aryl ene ether)-Pol y(siloxane) Copolynmers In order to conpare the

properti e{f‘afﬂf

he present copolynmers with 20 conmerci al

'S

i's
due to

H
act

"~ the

grade pol y(aryl ene

et her), Exarrpl 4A, haV| ng 3.52 wt. % pol y(siloxane), and Exanple 4C,
havi ng 3.85w—5%poty{sttoxane)r—were——selected for further testing, based
on their fhigher poly(siloxane contlent and hi grSamﬁlr—'M| ar weight. Since
t hese sanpl es coul ¢_not , be nol ded {-dueto-coating of the screw anf barrel
~of the nyl ding machFHER%) i pping ¢ PAnullat ¢ n { h¥PEs1kileRPBg zbne and
“melt in flgrther—barrels) he—sangles—werg hlended with ngat poly[arylene
et her) (IMXQ ?rf?‘@p B end| ng of E428pl d 440@nd| 40660 -4 ragm [L: 2
yi.el ded g Il poly(silloxane)fcontent {-of 1.2 mt. %
(Exanpl e | 3A9 1.3 wt. % (Exanplie 242 resprish | velae3iTw] cogm®r i al
grades ¢f= e extruded and bl ended fior conpalri son.
The fir st @ i ) conprised 95|wt 73% pgl y84ry| pnesrgher) , 72.55 %
p0| yoct ah:é’!‘ ﬁanh. Wt 30 6 S EP!2004 WD{01/40358 PCTI US(PO/ 27906
ield strain 5.8 5.4 5.7 5.4
Max. stress 73.3 . 64.4 67.3 72.2
Elongation to break 29.5 104 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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% SEBS, and i wt.. The second (PPE-2) conprised 84.5 wt. % pol y(aryl ene
ether), to w. % polystyrene, 2.5 wt. % Pol yoct anel ynie,@ZSEtpP [}EIEES, and i
wt. % pol yethyl ene. Conparison of the tensile propertie I zod not ched
strength, inpact strength, Vicat-B, nelt viscosity (M) and environnental
StresSvwihGdhed S resistance (ESCR) is shown in Tabl e 4pcrabéozidocSanpl e
No. Property5A5CPPE- 1PPE-2 MW (1500 sec-1)428400669340

Modul us2402221922312438 Yiel d stress73.364.467.372.2 Yield strain 5.8 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 | npact (néaselationgentgining 2og gnip tpdois4-phenylene

106
he dat ST P-ERh 000 A o S OB AP a O B ) tidec e B B T anger
the onl ytohiehstvedt addedlps el ¢o2esmdE) Hlallyl Hromileps ethLIAPE6Y RAOH
. solution and 3 mL of a surfactant (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;, B
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(dimethyl)_siloxane Copolymer
Blends with Poly(arylene ether) '
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.(where poly(arylene ether)-1 and poly(aryl ene ether)-2 are uperior), and
‘in 10 ESCR (where Exanple 5A is superior). Optlmzatlo EE?]

(Fesent
copol yrrers by use of additives .(such as those present in poly(aryl ene

et her) - i waygli4opl y(aryl ene et her)- 2), provides access to pewaRioRfHgE Neeri ng

"thernopl astic copol yners havi ng advant ageous property profiles. Exanple 6.

Preparation of Allylated Poly(Arylene ether) 31 6 SEP 2004 W01/ 40353
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from sol uti on by
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,isolgted qaleﬂma rSR S RIGUERBE il YBGHREndef iffe? 13&%’1?1%1'5%%‘30(@013

TVMS) 8 2. ‘?h CH3 from poly(aryle uni ppm
(s, Ar-H fesy qulny’ m;deemee yestmtﬂaum telreﬁ:e@rﬁﬁ’lapnmemh{%@@-i, , 10
2H) 8 5.30Q Rlnlz(o CHZ Hfrans 1%5 40®§m(OCI-|ZCI-|CI-|2 H
cis to O(ﬁfi fg IB%CE oqwarﬁjbn 3 meldgd snmple 0 noi / g;
gel pern&mﬁnmrahrgﬁﬂb@gpagm éddetBer)pol ystyrene standards) Ma=11, 400;
Wh=5, 600. Exanpl e Preparation of Poly(aryl ene

et her)-Pol y(di net hyl )sil oxane 15 Copolynmers To a sol uti on of tol uene
containing 18.72 g of the allylated poly(arylene ether) of Exanple 6 was -
added 33.32 g (3 nol ar equival ents based on allyl) of hydride-capped :
pol ydi met hyl si | oxane- (DP=52; 620 ppm hydride endgroup). The sol ution was
freated with o0.66 g of catal yst and the reaction 20 m xture heated to
reflux. After heating for 8 hours, -the solution was allowed to cool -and

t he pol yner was isolated fromsolution by precipitation into nethanol.
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The isol ated powder was dried overni ght

(CDC13, TMS) 8 2.10 (s,

D sapp
‘reacti

Wo

on.

U

CH3 from poly(aryl ene ether)
(s, Ar-H frompoly(arylene ether) repeat unit), 8 0.08 63
from sil oxane repeat unit,
f allyl
erneati on chromat ogr aphy

25 s,

XH)

i n vacuo.

d 3.67 (OCH2CH2CH2Si , ;
resonances in 'H NVR spectra i ndpepiieshoosgp! et e
(CHC13, pol ystyrene standards)

Yi el d.
repeag

= 95%

t,

Mn=35, 400; WMh=15, 300 Exanple 8. Synthesis of Poly(aryl ene

et her)

6 S EP 2

-P

of poly(aryl ene ether)

and t he

i met hyl ) si | oxane Copol yner
*01/ 40353 PCTI US00127906 As shown in Tabl e 5,

el
2H);

1H NVR.

8 6.41

k

Bl ends with Poly(aryl ene ether) 32
vari ous bl ends

pol y(aryl ene ether)-pol y(di nethyl sil oxane)

ers twin.
hed in a
at 610 F
wer e

hed. i npact
of

27906

bl ock cqpoanipkr | of PEEarpl €0/ wWerwt. orpoWideq i h WLME di nev-Erd ne
screw extruger at 590 Omolyrhe | reswl tiinBOP(kéd)d AtRAt{RS t hen queng
water bdth and pelletiZed, randithe 5 pelletized|resin was ngl-ded
in a 32-{ton Enggl injedtion nolder. THe result|ng nolde ¥
tested flor flanp retradge on i/{l6th-indh sanples{ and N-1zod Not(
strengt f Tnyconpagasan (W th a hol ged Janphkgsof | C rgi al g{H-a0€
pol y(aryl ene ether). 33 6 SEP 004 WD|01/ 40353 TABLE 5.| PCTI USOOI
Sanpl e (o- W . P Wo.@4 UL N Taade 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 ﬁreferred embodiments have been described, the invention

is not limited to those embodiments described herein.

34



No. PPEpol yme Si FOT (sec)Rating(ft- rlbs/inch) 1100.00057.2V-10. 83

299. 60. 40..19632. 4V- 00. 399. 20. 80. 39220. 5V-00. 92 499. 41. QO fée%ﬁﬂ V- 00. 85
597. 83. 21. 56826. 2V- 00. 9%¥690. 010. 04. 90128. 3Fai | 2. Z.As ca § y the
--above data, addition of small anounts of a poly(arylene - '

et her)'- pol y(si | oxane) copol yner to pol y(arylene ether) reduces the total

Flame outwhhfRihimel 6™ thick UL-94 specimens by approxinately half and -
“ inproved the rati-ng from UL- 94 V-1 to V-0. Al though. addition of higher

-level s significantly inproved the inpact properties over the control

. pol y(aryl ene etther )A methad demtsynthesin ofnpogtagidne et z)pbi VisRo@ie)t i me and
. poorer performance in the UL-94 flane test were also observed. 10 Wile

- pref er r eGOBAYBKTREFIEPIHAYe been described, the invention - is not limted -
- to those enbodi ments described herein. 34 i 6 SEP 2004 e What is clained : .

copol et conpr | Sthy CaMR TRl AR bERBoy EIERe ahe R IR L

:ether) "hatrucigré (B . . structure (1) wherein each Q I's independently selected

fromthe group consi st i ng of hal ogen, a primary or secondary al kyl graup
having from1 to about 7 carbon atons, phenyl, hal oal kyl, am noatkyl,

_ hydr ocar bonoxy, gpd hqﬁohyf&ocarQ{)ncnyMergl n -.at |least two carbon atbm; '
separate the hal oden and oxy§ atorfs, gac| is . |ndependently selected .

“fromthe group copSTsting gen, a .
L Q; 0

Q, Q Q, Q | Q q

f 5 wherein each Q,is independently selected from the groue-consjsting of halogen,
.a primary or secondary alkyl group having from 1 to about 7'carbeh atoms‘ ..
phenyl haloalkyl aminoalkyl, hydrocarbonoxy and halohydrocarbonoxy where:n '

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

g mdependently selected -from the group consisting of hydrogen, halogen, a |
10 primary or secondary atkyl gro_up having from 1 to about 7 carbon atoms, eheny!,
haleall_(yl, aminoalkyl, hydrocarbonoxy, and haiohydrocarﬁonbxy 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



10 primary or secondary al kyl group having from1l to about rt% ?@ at ons,
phenyl, hal oal kyl, am noal kyl, hydrocarbonoxy, and hal ohﬁj E

wherein at |east two. carbon atons separate the hal ogen and oxygen atoms,
~Q is a hydrogen, a hydroxyl, or a conbination thereof, and niis an

i nteger having an average value in the range from about 3 to about 300, to
“form functionalized poly(arylene ether) 15 having the structure (2) }

(2) wher egr&lﬁon51ﬁnéoﬁﬁ£ﬂ1yﬂﬁdeaép%x3a§arg§{yl DRGH, (Rb@@%z Q4 is a hydrogen;. X'A or a
conbi nati on thereof, and IS a re i've_functional group sel ected fromthe
35 6.5 E R'Cglgscing vignk ivdharaip 8 ISARFIRINYOr Weergan: diadsit atkylreron,

R COZRz I S, i secondary

- di val ent '?ﬁ Eﬁwﬁr%ﬁq ﬂ&ﬁ‘#’“ér%’up %@?ﬂsg%r'ra‘am g{rB[lé%%Cé'\r’ﬁé&prgpaqn aryl
group andyFedohdanpbilkPgibup ivise roRfiaty 16ldabort: @it having from1 to 10
carbons; and (b) copolyneri zatlon by reaction of.functionalized

pol y(aryl ene et hecz (2) with a poly(organosiloxane) having structure (3):
Y-Ax- Si-0- i i_db)R Reepgymerigation byseacton pffungtipgalizatpelytarglene R i s

" i ndepende ted fromthe gr cansi g a primary or secondary
al kyl cﬁ% ﬁa@ﬁ@ﬁfqBW{)Q{QG'E‘%S'!E%F”Eﬁf%HE?Q rHFF"&ﬁRé) or secondary _hal-oal kyl
group haV| ng.fromone to twel ve carbons, an aryl group having from6 to 12

carbons, an aral kyl- grou aviing, from 7 to .18 carbons, and m xtures -
thereof; n is an intgger vingjan average value from about 3 to about 500.

Y—A,—Si—04-S5i—O}-Si—A,—Y )
T —
: - dn

whereineach R ie .independently selected from the group consisting of a p'rimary '
or éecondary alkyl group 'havi_n,g from one to 12 carbens,-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
-tt_)ereof; n is an integer having an average value from about 3 to about 500
"inclusive; A is é substituted or unsubstituted aromatic group haviﬁg_from 6 to

about 18 carbon atoms, or a primary er secondary divalent saturated ‘or

unsaturated alkyl group hav:ng from 1 to about 30 carbon atoms; x is zero or
one; and Y is a functional group reacttve with X, selected from the group

consisting of —OH, —CH,=CH,, epoxy, amlno, carboxy, ——C(O)CHZO_H, and |

. . hydrogen,

to form a poly(aryfene ether)~poly(sﬂoxane) copolymer whereln A

solutlon functlonahzahon and copolymertzatton are a continuous process.

2. 'Ihe method of claim 1, wherein copolymenzatlon is by solution -

copolymerization followed by melt copolymenzataon

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

_ poly(arylehe ether)-poly(siloxane)copolymer.
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inclusive; Ais a substituted or unsubstituted aromatic group having .from
-6 to about 18 carbon atons, or a.primary or:secondary di vaIgE& ;;Shlirxat ed
or unsaturated al kyl group having from1.to about 30 carlﬁo :

-zero or one; ‘and Y is-a functional group reactive with X selected from .
the: group.. congi stiMfeOfetiidd of GiRmE!3, wﬁ@n@ﬁ%th@%@ﬂ p&IghiRiation Gdd CH20H,
and hydrogen to . forma poly(aryl ene et her)-poly(si| oxane) copol yner, B
wherein- mlallmmftherwpolym&naratbwﬂemtdhhzapohmhusmt| oh are a continuous.
- process 2. The+~nmet hod of ‘claiml, wherein copol ymerization is by solution-

e e SThg R B BRISR G Sk cdpomedEalilsd ©1 o1
-rethery) - p %yffét laﬁa\get&epaha éss&@hgh st EmpBiaurE! e fls s M 3_

~wherein-.t ymeri-zatron a |solat|on 0 e copoly r e "by .

‘deval at i I'vhetdimnthex fiests tanpeftufBharitetpiesswe afdilowar thzer ehe &eord! ution
- copolyrer.ijzation is at a first. tenperature and pressure, and a second - :

‘t enper at lﬁieé"l%ﬁlatl-ﬁ?é@glﬂ@ssuﬂﬁherel n the first tenperature-and ' pressure.
are, ‘lower than the second " tenperature and pressure. 6. The method of

~elaimb5, furt I S| | of n

.~ether)-pol y(si. oxaﬂco’?ﬁ‘g d SOC} %falr% ﬁie ultFnﬁr Gc??g%’héélhé f%ogau%ecl'fephethe
melt pol bhe Rt po Qil(ﬁ&ah@ybdﬁo iyer.copol yner are. by devol atilization .
extrusmhﬁmy@he met hoc’l) (I)}ﬁ cl.ai m-1 erein each Q is methyl, each @ i:s

hydrogen; and.each Ris nethyl. 9. ° ol y(aryl ene. -ether)-pbl y(5| | oxane)
copol ynmer whi ch'is the methed @ﬁclﬂll@dﬁctwhﬁfew then eeeld malyredzation and

poly(ar ytlseo gtlglt] h?me Qg;\)/olgrrlﬁletr r:Jl?e by laltlllzaﬁorl exlg‘uglon

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 prlmary 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 havmg an ave_rage value in the range from
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“Wherein &8ehVQ/‘4s | n(!endent |y -selected fromt group consisting of
r

o

hal ogen, a primary o econdary. al kyl group havi from lnt Eﬁ_@m
7.-carbon atons, phenyl, hal oal ky, ami noal kyl, hydrocar b¢ o‘sy-, &

" haf ohydr ocai bonoxy wherein..' at least two carbon atons separate the
. hal ogen. aboub%ygehout 388; Qp sk hgragen, Xdep aradenbingtiory thesgek andaf is@n, a

P omary e Arsiopal ‘SanBr SePelRY iR, Ui bt coriing. or°2RGR
] , YT, Nno ) r FoXy; o i 3 .
haf ohydr eaaRBOXACHISER], Naid vﬂlﬁewhér@ﬁ ﬁ%%aﬂgg}m s%%aaﬁf}mw@nhal ogen -
an | av ver age e

10 and oxygert atomns; “m1 < t eger I ng ‘an a ‘val I n the range

“from 37afiigPo2i@balkybdrouip Faving fabout to3@0caBbnssoramydd ggrm and Rois a

~conbi nation thereof; and X is a reactive functional group selected from

the5- gr pipasyesisecondaryralkylmroyp harngdpem, 1 tRI@EaMtOAS, "and vinyl, wherein ~

. R is a primary or secondary divalent. alkyl or hal oal kyl group having

2kt oroup i PoiiorABaRne T R SRS GO, For Ganosi 1 ox ane) havi ng

. structure (3): R Y-Ax- Si--p(3) R"RR i-p1--AX-Y RR n wherein each

R is independently selected f o&nthe group consisting of a primary or
secondary al kyl gro hgving frpmone to 12 carbons, a prinmary or secondary
hal oal kyl group—l)%-visngo SiF-opeSit-op el ve ca(j)ons, an aryl group having -
from6 to 12 carboils, dnlaral k)l group having from7 to 18 carbons, and

-mxtures 110 thereoR n [iB an|iRteger having an average val ue from about 3

S f}t ur at egtheRin each R is independently selected from the group consisting of a primary. *

to ahaut 500 inclusive; -Ais B ‘substituted or unsubstituted aromatic group
having from6 to about 18 carbon atons, or a primary or secondary di valent

L or secondary alkyl group 'having 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 ardmatjé group having from 6 to
about 18 carbon -atoms, or a primary or secondary divalent saturated -‘6r,
uﬁsaturated altkyl groUp'havingrfrom 1 to about 30 carbon atoms; X is zero or

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

15 allyl when X is vinyl or allyl. ' o |

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

hydrogen.
11.. A method for the manufabture of poly(arylene ether)-poly(siloxane)

copolymers, comprising

| 20 = solution copolymerization of a poly(arylene ether) having at least
two functional gr,o'ups selected from the group consisting of anhydride, hydroxyl,
epoxy, carboxyl, -R'OH, R'CO,R?, -R'CH,=CH,, allyl, and vinyl, wherein R' is a
primary or secondary divalent alkyl or haloaikyl group having from 1't0 about 20
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-unsaturated al kyl groumgghaving from1l to about 30 rbon atoms x is zero
or one; and Y is -SOH or-C(O CH2CH, when X is - 6F$ I is Vi nyl
. or. 15 all y) vvhen X is vinyl or allyl.-1Q. The copol yner cl al m 1, wherein

.each Q. Ls dro thod for the .
. -manuf act ur ib al y'?éggll%g&ib %ﬂﬁ)ls’% W 8&'3%%9""3&5531 W HEQUP [‘E‘tﬁ'ﬁ‘ﬁrr sing .

20 sol utfiem 101@%00130 &RbbAS, With 8 g eﬁ'h%vﬁighﬁf té?éﬁWd‘@m g()lltglaSt - two
functional groups selected fromt he group consi sti*ng of anhydri :
hydr oxyl groepesglected florythe gmmommml —-OR, er%l 2 =0|rag| he@bb(yl I"ﬂ"““"r vinyl,

wherein R _.is a r _secopda i val.ent a or -hal oal ky roup .
havi ng f CGRYY% ¢ (Q@Eﬁw iyt wa“% Q"ng@loﬂ%-b\?h@e'%rthérp%Y(?t’OJgi ; p aBd R
‘1S ri 0 car bons,
w th 5 polaitel SEGRIBRY rExiitle B RKLRtR! oghEF o b8 By EBeCa ¢ om
‘the grouethEn)tsam:tl ng of -OH -CH2=CH2, epoxy, am no, carboxy, C(O) CH2OH, -

“vinyl, allyl, and hydrogen,. wherein the poly(si oxane)  funectional groups -
" are reactive with. the functional groups of the pol y(aryl ene ether); and

mel t. copol-ymeri zat fegit . cepipmpgrization aeé. theheppiy(aiyteng! eetber anterthand t he

12. The, clarmll further conprising isolation of the
poI y(ar yFHﬁg ?ﬁgrg) pol y(sil oxane) copol yner. 13. The nethod of claim 12,

wherein the nelt polymerization and isolation of the copolyner are by

devol atilizatiipn efTheupictiod IdF. ciBih 18t TaAhel cOhirSidd isYBE6R! &F
sol-ution co&mégerlzatlon is at a 'first terrperature and ' pressure, and a

second t oY ﬁeﬁthﬂﬁ Rﬂise(§dﬁaxane)copolymer
— 13.  The method of claim 12, wherem the melt polymenzatron and

isolation of the copolymer are by devolatrlrzatlon 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 isolation of the

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

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

39



wherein the FiTst te ture and pressure are- Io than -tgr e E

. tenperature and pressure. 15_ The method of cl ai m furﬁh i‘@ ﬁéé] si ng

i solation of the poly(arylene et her) pol y(sil oxane) copoI yner. 16. The.

‘met hod of claim 15, ein the_ nelt riz andlso ation of the

copol yrrer " are by de(é‘mﬁqt'PszHPFW%%?Eﬂ CEE@P? % E‘é‘ %Y"‘GI Bem 1,

wher ei n %{}g Rg )(%gryl ene et her is poly(2,6- dinet hyI 1, 4- phenyl ene et her).
18: A netﬁ r synthesis of poly(arylene ether)-poly(siloxane), 10:..

copol yners, -conprising 39 0 (a) solution functionalization of a

“pol y(arylene ether) having the . strycture (5 @ . M"Q 1, @ mé6 S E .
2004 (5) wherein eath Q- ils |cm‘depe dent V sel ect ed fromthe group

~consi sting of (Ij | pejen, Q1a Qr /yQo QsS6c /amy al kyl group having from1 to

about 7 carbon atr ms Fab I m noal gyl , hydrocarbonoxy, and
1 7 1/ l
4 o ato separ ate the hal ogen

- hal ohydrocarb Qer n II}@ (%,
and oxygen atom; each Q ifs b ndently sel ected fromthe group
consi sting of hydrogen, hal_oge a rprl mary or secondary al kyl group ha_vl ng
froml| to about-7 carbon atons, phenyl, hal oal kyl, am noal kyl,
hydr ocar bonoxy, or hal oh dr ocar bonoxy wherein at Ieast 10 two carbon atons.

separ at eWPREEIRSREHLH iainflepepgentinselesteddsomdhe grun easisting ofalnasty| | and a

e e T g R IO S

5 phenyl, haloalkyl, amlnoalkyl hydrocarbonoxy and halohydrocarbonoxywherem

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-rhe range from about 3 to about 300, to form functionalized poly(arylene '

ether) having the structu_re (4)

Q x
4 Q
Q7 \_7qq I._: Q, | Q Y 7Qr
2
[ dm

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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et her) ha{A*MyaHé stru,.rre () & Q-~rl=tiQ - J Q X @'/= QZQl M .
. Wwherein Q, @@, and mare as defined above, 4 is d. " hydr ogen X,..ar -
. conbination thereof, and X is a reactive functional group E(}{ e{(ﬁﬁ‘ﬂ omthe _
-group consi sting of anhydride, hydroxyl, epoxy, carboxyl -R' OH, R CO2R2, --
- R CH2=Cr2, and vi nylb) whpekmerizatips Ly mractienyof %mcb@edﬁ@drgolu(amﬂe@m al kyI o

hal oal h f 1 0 I d
T e R T R A R

UO _ JNUO | IL ~I  SED (b) -copolymerization by reaction of functionalized
poty(aryl ene - ether (2 WI t pol y(organosi | oxane) havi ng structure (3)
"RR I ~I Y-AX- i i-pi- I R P). wherein each R is independently,

sel ected from+-hes snngLya pri or secondary al kyl - group
having fromone to..}12 ¢ rlbon [a pfimary or- econdary 5 hal oal kyl group
‘having fromone to thver Rear orﬁ{s an aryl group having from6 to 12
‘carbons, an aral kyl -group havfRg from 7 to 18 carbons, and m-xtures
thereof;. n is an integer having-an average val ue from about 3 to. about 500

wherem each R is independently selected from the group consrstmg of a primary
or secondary alkyl group having from one to 12 carbons, a primary or secondary

5 haloalkyt group having from One to twelve carbons, an aryl group having‘ from 6 B
to 12 carbons, an aralkyi group havang 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 dlvalent 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, serected from the 'group
consisting of —OH, ——CH2-—CH2, epoxy, amino, carboxy, -C(O)CHZOH and'
‘ hydrogen ' S

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 compnsrng isolation of the

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

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

__rsolatlon of the copo!ymer are by devo!atlhzatron extrusron
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WAL

inclusive! A"$a substuted or unsubstituted ar tic group having fromé6
. to. about 18 carbon atoms, or a primary or secondary div ISEP@@@M ed or
. 10 unsaturated al kyl group having from| to about 30 carb a

»zero or one; _and is a,fu Qna r,oup..r.eact ecie from-:
« the 'group c@%m stYr W@*ho%icllal@_‘if %@%&"élﬂ%wf&aﬂPﬂB&Y"@é?ﬁ% at

-¢(0) 61- ! Reloyhar HighBF jemperature and "
et her) - péﬁ&%&ﬁ@gﬁ%&é}e@w&%ﬁ&re@m?@ efﬁdaal5 séﬁutilggn f?mgt{ onal i zati on and
copol ynmepjegssik@n are a continuous 'process 19. The nethod of claim 18,
wherei n copol ynerization is by sol ution copolynerlzatlon f.ol‘l oned by nelt

copol yneri.zation. 20. The, nethod of claim 19, further cogﬁrl Si Fﬂ i sol ation
of the pol y(§|3yl eﬁ@eemﬁih?dp@ﬂ glaim ggaﬁﬁflbﬁbcﬂ%@fﬁs’nQPSO enqet fBe of

cl aim 20 [ ‘and -.isolatiion of the copol ymer '_
are by dBQié\{h zé\‘tf]‘ueéﬁ‘g& Sﬁiﬁg%@%mﬁ%‘@(s 'S E P 200 22, The nethod of = .
claim 19, V\/nerei n the solution copolynerizationis at - a first, low .

temperature apg. pr gpgURRthdd &f TSRt 230 widreliethe engle palymerization. apdessure. -
23 The nethod of claim 22, further conprising isolation of the poly(arylene

et her) - pisbiation| cdﬁhae:ppobmwme by davolgtilizatioptéxdeusign.cl ai m 23., wherein the:’
melt polynerization and isolation of the copolyner are by devol atilization

2 e Y A oA, 51

hydrogen and each R is methyl.
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0 6 SEP 2RCHOSYMIHESI S POLY( ARYLENE ETHER) - P S| LOXANE) COPOLYMERS
ABSTRACT OF THE DI SCL A met hod conprising ( synt hesi f

" ‘poly(aryl ene ether) having the: structure (1). wherein m i% §1SEF5 Zggér
«,having an average value in the range fromabout 3 to about 300; (b).
-solution functionalization.of pol ¥RTHeESId @ orm functionalized | _
-poI y(arylene ether) having the structure (2) (2) wherein Xis a reactive . °
functional group selected from-the group- consisting of ~anhydride, . . .
hydroxyl, epoxy, car POW(ARYIEENE ERHERRROLYRSUHXANE) and vi nyl , 10
-Wherein R is' a primary. or secondary dival ent al kyI or hal oal kyI group
having from 1 to 20 carbons, a up and is a’ prlrrary or .
secondary al kyl group havi ng fr%@F’Pi\é“E%ocar bons; and 4 i s hydrogen,-

or a mxture thereof 43 6 SIEP 2Q04 (c) copolyrrerl zation by reaction of -
functional i zed pol y(aryl ene ether) (2) with a pol y(organosi | oxane) havi ng
.structur B@RABTOP-‘%'DISCQC%U@ n R6. (3) wherein x is zero or- one and
Yis a functlonal group reactive with X, selected 5 fromthe group -
consisting of -OH -CH2=CH2,. epoxy, am no; -carboxy,"

' 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(O) CH2OH, and hydrogefl, to forma poly(arylene ether)- pol y(5| I oxane)
. copolymer, wherein the functionalization is in sol l]'f! on, nEtelgpo rrer
~synthesis and isolation are effected by first sol ut |'Qn

-*copol yneri zation. 44

(=B

(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 '
| 5 . from the group consisting of ~OH, —CH »~CH,. 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

P
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