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require flanme retardant plastic conpositions. In sone

cases, this can be achieved by using inherently

flame-retardant plastics, such as hal ogenat ed

pol yney, ﬁwlﬂ‘?g {ARD SRPTHOMPORITICNS ANBMBTEOM!

i nher ent ane-retardant are required, and flame

retardant additives nust be added to the plastics

conposi tion. However, nmany of the nost effective flane
BACKSIROYAR OFJHE INVENTION hal ogenat ed conpounds t hat

are currently disfavored for health or environnental
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plasthalcogmnsﬁlpee Teavepver, ey iof shevmosttfectine Same sptapiaat additives
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tri hydrocar byl phosphi ne oxi des, and conbi nati ons
BRIEROEICRIPTIVE @GP CHENVIEITRIN / US2006/ 039051  Anot her
enbodi rrent [ s flame-retardant plastic conposition,
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composition, comprlsmg. a phosphorus salt having the formula

0
MY | "0O—P——(O)uR’

(O),R?

wherein M®" is a metal ion or an onium ion; d is 1, 2, 3, or 4 according to the identity
of M and its oxidation state; each occurrence of R! and R?is independently C1-Cig
hydrocarbyl; and each occurrence of m and n is independently 0 or 1; and a phosphine
compound selected from trihydrocarbylphosphines, trihydrocarbylphosphine oxides,

and combinations thereof.



phosphorus salt having the fornula 70 M+

(OP_(OM1l) OR2 ( )N d wherein M+ is a netal ion
woeooa4@sd umion; dis 1, 2, 3, or 4 accordi nge€DUS1¥e6/039051

identity of Mand its oxidation state; each

occurrence of R1L and R2 is independently Cl1-C18

hydr ocar byl ; and each occurrence of mand n is

Anoiéhreéfj: b 10 él-retﬁ‘ﬁ'qu yﬁﬂ%%{uca co Qﬁﬁgh NeoPRRALNGa) a

cte ronwtr drocar phosphi
thermoplastdr @siardryd ﬂnhnnqmt masingend €ls), a draie a’datdanawmplssmg (bl) a
er. enhodi nent is a curabl e conposition,

phosé’gﬂlbllsls%l ?;Vln%ﬁ} F A Ct i onal i zed pol y(aryl ene et her)

resin; (b) a curable conmpound selected fromtriallyl

cyanurate, triallyl i socyanurat epoxy resins,

bi smal ei m de resins,/ bisngl ei mde\triazine resins,

and conbi nati ons thereof;||and (c) flame retardant,

conprising (cl) a pho phé!us (|having the fornul a

O M+ (O (O ijn Ml+ is a netal

ion or an oniumion}{ d IiLl 2, 3,/or 4 according to

the identity of Mand i %E%ldatlon state; each

occurrence of Rl and\R2 is independently Cl1-C18

hydr ocar byl ; and each occurrence of mand n is

|ndependently O or 1; and (c2) a phosphine conpound
whesth BT éda frieeatnide mﬂatﬂasmmanhxylcbﬂsds Qm roest, accordlng to the identity

hydroc byl ne oxi des, tions
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Another embodiment is a curable composition, comprising: (a) a functionalized
poly(arylene ether) resin; (b) a curable compound selected from triallyl cyanurate,
triallyl isocyanurate, epoxy resins, bismaleimide resins, bismaleimide triazine resins,
and combinations thereof; and (c) a flame retardant, comprising (c1) a phosphorus salt

having the formula

0
M¥ | -O—P—(0O),R!

(O).R?

wherein M* is a metal ion or an onjum ion; d is 1, 2, 3, or 4 according to the identity
of M and its oxidation state; each occurrence of R! and R?is independently C;-Cys
hydrocarbyl; and each occurrence of m and n is independently 0 or 1; and (c2) a
phosphine compound selected from trihydrocarbylphosphines,

trihydrécarbylphosphine oxides, and combinations thereof.
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DETAI LED DESCRI PTI ON OF THE | NVENTION A first category
of enbodinents relates to the flanme retardant
W@ o09posi4sd on, itself. Thus, one enbodi ment i SPEI/UEBN€039051

retardant conposition, conprising: a phosphorus salt
having the formula O M+ -OR2 ( )n d wherein M+
is anmetal ion or an oniumion; dis 1, 2, 3, or 4
c e [

O e EREARnk (hARaRE Bilohs F pBife e, AATUAR, jticte

prep@.‘ﬂd(ﬁ:(&n thy d}ameaetayda;nt ahdtie aoimposiﬁonn,ra&ﬂccalrai compositionsi and

nde ently O or,.1; and.a phos e..c n
aricl G B PIRIGFORRT BT RGeS0 BEfow.
trlhydrocarbylphosphlne oxi des, and conbi nati ons
DETNEE@DESER@PW@MTHBYNWEMON&VE di scovered t hat
the conbination of the phosphorus salt and the

ﬁghosp i ne compound has %/ﬁger gistic flame retardant
§tf @agagorshaf e gﬁedwgs reﬁ&f% dher flame efdanh gARposition itself.

0 a
LSRR R R T L
sahhmmagdﬁdbnmﬂquired, t hereby i nprovi ng physi cal
properties of a plastic conposition. Alternatively,
t he advantage can be used to achi egve greater flane
retardancy (e.g., a AL 94 rating af V-0) than was
previ ously attai nable at‘%ny tolergble |evel of flane
retardant conpound.| The fhane reta dant conbination is
suitable for 04¥ wi tOr—=aRide(@pR'dty of plastic
conposi tions, . including those conpti sing
t hernopl astic resin and( Fﬁge conpri si ng thernoset
resins. One specific\use of the | ame retardant
conposition is as an additive to adcur abl e conposition
conprising a functionalized poly(arylene ether), and

: . I
BTSSR DLt 1 i
of Mrandptsxgmd&tmnrstata, éachrmlcwmod efrR'sind, R 1sbmde;wlnée1rﬂyd@1-clg
sin, or t i ke, .The
by SR SARD QoGRS R T ETOIONERDLRE kP RaIaosme
conﬁ{gﬁ'nd Qlbdted @oﬂ{?lrihydrocarbylphosphmes, trihydrocarbylphosphine oxides,

and combinations thereof. The present inventors have discovered that the

combination of the phosphorus salt and the phosphine compound has a synergistic
flame retardant effect that provides improved flame retardancy compared to the
individual components. This advantage can be used to reduce the total amount of
flame retardant required, thereby improving physical properties of a plastic
composition. Alternatively, the advantage can be used to achieve greater flame
~ retardancy (e.g., a UL 94 rating of V-0) than was previously attainable at any tolerable
level of flame retardant compound. The flame retardant combination is suitable for
use with a wide variety of plastic compositions, including those comprising
thermoplastic resins and those comprising thermoset resins. One specific use of the
flame retardant composition is as an additive to a curable composition comprising a

functionalized poly(arylene ether), and a curable compound such as triallyl cyanurate,



R2 ( )nd wherein M+ is a netal ion or an onium
ion; dis 1, 2, 3, or 4 according to the identity of

wolk@nit4448% oxi dati on state; each occurrence of PEIUKW6/039051

R2 is independently Cl1-Cl8 hydrocarbyl; and each
occurrence of mand n is independently O or 1. As used
herein, the term "hydrocarbyl", whether used by
triallyl S&ddyam@steatn dpeMyetdsth, aShikibleimPe iR RMmALimide triazine
.another term refers to a residue that contains only
resiny 9F fisnlikend hydrogen. The residue may be aliphatic or
aromatic, straight-chain, cyclic, bicyclic, branched,

: t - contai
The PO Sal Qe H ARt colf BB R B Ko,
cyclic, bicyclic, branched, saturated, and unsaturated
hydr ocar bon noi eti esy The hydrocqrbyl residue, when
so stated however, y cant ai n hetleroat ons over and
above the carbon an hydq?gen menbérs of the
substituent resgjaud. . Jhus, wh ecifically noted as
cont ai ni ng such™ het erdcla-at EP , ?(E)é“lﬁ dr ocar byl or
hydr ocar byl ene res\due gg§ | so cpntain carbonyl
groups, amno groups, hydPaRyl groups, or the |ike,
or it may contain heteroatons w thygn the backbone of
t he hydrocarbyl residue. In one enbodinent, Mi+ is an
oni um i on. Suitable oniumions include, for exanple,
whergimdyhi ite Bstal im qrNPRium ion; d is 1, 2, 3, or 4 according to the identity
- ~-C1.2) - r r hyl ni j20Nn i - -
of Mg%g? _lﬁ%&rl%@rl bs%\f ) nc%gﬁf]‘ioggﬁrge?g? 85;1'{'1 a%atﬁzo 1ssihde%en<§ecl:1%1y Ci-Cig
hydibearb{ICinddah obyutrenca oDyl @ADRIHMepeAddndR D, or 1. As used herein,
tetra- Cl-ﬁ}],]g)-ﬂ gr ocar byl a ni um cat | ons
the tﬁﬂﬁsﬁﬁ AFFRY cat % er(qﬁpg Jtsginer ng_a,_preﬁx, suffix, or fragment of
anotherdbrmI e R R Pskia . . i
di - (1C1- C12) - hydr oggrﬁfgg I%p}%%g%%g% ("L%f'njﬁt:’crzlaatnldg1 ngOgen' The residue
may thej al{pBaticCop rompaticosteaighitobhios pydivi binyclid, ibbarshed, saturated, or

unsag u{n{pgn flﬁr%fagiaf | ;)Cr? %%&@B%%O%@ﬁ%%gﬁﬁ%%? Sé’[raight chain,
cycliz( BidyoHd 4BAndked/ bi5aR0A] A3 O&katubate %?@fobé(ﬂb@ﬂ'rﬁ&i@ﬁw The

catjons,, di-(Cl-C12)-hydrocarbyl sulfaonium cations,
hydrpearbylepsides.pWher, dp shated Powevier oRidLAeSaIN; steroatamd vee and
bove ke, |3k fbogt
o 00, ARSI Pl LBl Ry ROF M,
specdicalipineted as enstamingysugh deicuoatoms,| the hyairoairtyi arthidrocarbylene

s BRSPS e S g e e,
or it hiaytotitin lsedetbattins RAIHAS GiebatkboRB @ftﬁ&;ﬂdw&ﬁfh%ﬁfe@idue.
conbi nations thereof. In one enbodi nent, + is Al at+.

In one embodiment, M*" is an onium ion. Suitable onium ions include, for example,
ammonium cation (NH,"), mono-(C;-Cyp)-hydrocarbylammonium cations, di-(C;-
Cr2)-hydrocarbylammonium ~ cations,  tri-(Ci-Ci2)-hydrocarbylammonium cations,
tetra-(C;-Cy2)-hydrocarbylammonium cations, phosphonium cation (PH;"), mono~(C;-
C12)-hydrocarbylphosphonium cations, di-(C;-Ciz)-hydrocarbylphosphonium cations,
tri-(Cy-Cjz)-hydrocarbylphosphonium cations, tetra-(C1-Cpp)-

hydrocarbylphosphonium ~ cations, sulfonium cation (SH3"), mono-(C;-Cpo)-



Referring again to the phosphorus salt structure

above, in one enbodi nrent each occurrence of Rl and R2
wo soo7nggpendent |y Cl-C6 al kyl. I n anot her enboRPCTES1006/039051

each occurrence of Rl and R2 is nethyl or ethyl. In a

preferred enbodi nent, Mis alum num and each

occurrence of mand n is zero. In another preferred

hydrw;a%%ﬁ péﬁtisnd? rlﬁ-s(?li‘-)@@{%hﬂ%&ar@@ NGl foRRn alatibhd) Ui-(Cy-

osphi nat e e flanme retardant

C1p)-hpdrpesbylisofoniam ainpy, asdthetike: a8l eombinsisns derepdr t s by

wei ght of the phosphorus salt, based on 100 parts by

i ght . tatal . ofat.he phgsphogu : j

R e T G et G SR R U
jons dMAHnesiam, Relcaim,| Aasinungbmtiinoh§, Hay pemipiwei gatiungrzinc,
~at |east aEJout 20 parts by weight. ﬂé owthinthis.
iron, ZégegRivm, CHEUPHRISTHHE, SEOWHIM, TatfEEREs @““H‘_é’ WFY BREER
and A3 11%E L?%?tcoﬂl%?ﬁlﬁg s ihBfeot!Pin'dhe 2hpelidt, MEi g per cent .

n-addi othep

ion osphorus salt, the flane
retardant conposition conprises a phosphine conmpound
Refesritigeagainl thrthe ghosphodesosalt Siyness phvigedn one embodiment each

tri hydrocar byb phosphi ne .oxkdes, d i '
o5 34 DL EDGRBAL 1Ey 082 6 L nen, cach
occutreh&ty 8F adapky IRBhigsipbingEe or Bigylt r Ithydprefmredyémbmphitne is
may have the structure rein. R3-

-P R4 15 RS, ar.
alumémiah ane gaqhepreuriensg ofim endn As &iec iq BWﬁewrFﬁrrFﬂ gmbg(lil?nent,

the p@%gﬁﬂg staﬂ%'b{ng)ﬁge.s a{hﬁdn%ﬂ{ %@ﬁé}b@l@ﬂ&%ﬁﬁ%&@. has at | east

arbon a n the context of 't
tri hydrocar byl phosphi ne and. the )
The flnineyenntat tyhpstopnaeccoxirie aBpeicliosbaubd Bats tyngeight of

dr.ocar byl ., sulstituen L QG ' it

the HASHBRL RORgens TA h a gl Gy B BTy zget dnd the
phodpEHeW320306003 Fifiin tisiv Baige the phofphogs, satthenduptimey &e lay least

Substituent may be 4-hydroxyphe Izﬁ,. roan et.Hﬁr hi
abovg gt b Weihiy et APt AT BY Pt DG telelnt Syt this range,

; -maM i lob Yk Sl afcleoeinl) o siphtb 1aBGut 80

the ﬁ}ogpﬁﬁg%%@ggﬁ@%nmp%é%ﬁ%%ﬁlyl phos%%ﬁ{}e, %P
weiglt pgtcdntphenyl phosphi ne, di al | yl phenyl phosphi ne,

triallyl phosphi ne, bis(1-naphthyl)(4-

in GHER K ARORYBRERD 1 i, RS Tk sompospion gopprises @
phofpie0 Xy phesmypouptios phiselected r i s ( fronapht hiribydhosibhiphesphines,

_tris(2-naphthyl)phosphine,. . . d
trihysireqasbyiplessalape HIsipr 2d SAHIngHgBHERIRCf pRBS Bhshine compoun
ma;p 3 (4 'tji]ifﬁgj&%éé‘rgﬁf)ﬂé@p)]ﬁé? The trihydrocarbylphosphine may have the

structure

R3*—P—R*
s

wherein R*-R® are each independently C;-C), hydrocarbyl, with the proviso that the
trihydrocarbylphosphine has at least six carbon atoms. In the context of the
trihydrocarbylphosphine and the trihydrocarbylphosphine oxide discussed below, the
hydrocarbyl substituent may include, in addition to carbon and hydrogen, a hydroxy

5



phenoxyphenyl ) phosphi ne,
tris(4-phenoxyphenyl) phosphi ne, bis(2,4, 5-

wa eoomesdagd phenyl ) (4- hydr oxyphenyl ) phosphi ne, PCT/US2006/039051
bi s(4- hydr oxyphenyl ) (2, 4,5- trinethyl phenyl) phosphi ne,
tris(2,4,5-trinmethyl phenyl)phosphi ne,
bi s(tert-butyl)(4- hydroxyphenyl) phosphi ne,

subbﬁltﬁélﬁ (laxgd e Bhyﬂfb%&%w Qﬁ‘tﬁﬁ’éueﬁtufn)é&/ )b@mogggbﬁgqhehﬂg SEt & Ether

sphine, and the Iike, and c
OXYBhle r(@tﬁa ﬂTBh é}"flihwbﬂl ebstitirepb unaly r’my4{pé1&:aoxyphenyl) Suitable

triny o BRERCR MO B, Ot B nFRAmEle: | netisthemphpsEbins:

anylcmpheagv}pheslﬂﬁml Elal\llyqjh%hﬁElE&Rﬁﬁe amuyl@ﬁbsphmée Bﬁ(lldﬁzﬁihm&l)@-
Cl- C12 hydrocar byl rovi so that the
hydif%.‘/ﬁb%rry(l))@h?w;rﬁh 0s bpﬁ(ﬁbywmélenalé( 1aitaph@é@t’h@ﬁphln@ar bis(4-

h
RSB AR IE, s RS IANGSED G5 St
bls(dFp@h%wha@)(ﬁﬂwémhypimnyb)p}w@hlde al | yl phieisf/-iphiospphersyl)(4-

pheg%)(l d bﬁmwllj%zoﬁsg:tﬁ@ %ﬁ%‘?ﬂ%@‘bﬁ%@ﬁh‘?sﬁ@n&xi de, bis(2:4,5-

Sl phoit hyl ) pho i
o t r%( 4- W%%%@%ﬁgﬁéﬁkﬁgs Efgneyoipde%pét@ri-:ﬁ?%@%mnyl) (24,5

Re:n i %tnmﬁth.‘zl@em/é)ph@ $ppinep h bgﬁhlltﬂvstyl) (4-

hydgaéi flon ﬁ% PR e T s S e
butyi)p}nbephmes land drediien and/@meriydtjopb dsgpdvfne oxi de,
bis(2 4 5 tri met hyl phenyl) (4- hydr oxyphenyl) phosphi ne

The e%)gmﬂ% éox hﬁwyl%xtlnagdrocarbylphosphlne oxide.  The

trih m@f ighosphihé BB WRMaRYInRRASHAI ne oxi de,
}tk(Jil s(t%rlzhogﬁtlyl ) (4- hyagr oxyphenyl ) phosphi ne oxi de,

bi s(4- hydr oxy-phenyl ) (tert- 6 WO 2007/ 044489

PCT/ US2006/ 039051  but yl ) fPosphi ne oxi de,

tris(tert-butyl)phosphine |pxi de, and the Iike, and

conbi nati ons thereof. RFhe-p+anr4ret ardant conposition

may conprise about 5 to abput 95 parts by wei ght of

t he phosphi ne conmpound, based on 100 parts by wei ght

total of the phosphorus sal't and the phosphine

conpound Wthin this range, the phosphi ne conpound
whexeinUR+ R amyeabl imtepbeteatly Shalib hjzd)ropanbyb With theipghiiso that the

t. ab

tnhyérocargslphospg{'lnte Zog(lgearﬁa be}{c Vrsas%J six casf on atoms. Suitable
trihydrocarbylphosphine oxides include, for example, triphenylphosphine oxide,
allyldiphenylphosphine oxide, diallylphenylphosphine oxide, triallylphosphine oxide,
bis(1-naphthyl)(4-hydroxyphenyl)phosphine oxide, bis(4-hydroxyphenyl)(1-
naphthyl)phosphine  oxide, tris(4-hydroxyphenyl)phosphine  oxide,  tris(1-
naphthyl)phosphine oxide, tris(2-naphthyl)phosphine oxide, bis(4-phenoxyphenyl)(4-
hydroxyphenyl)phosphine oxide, bis(4-hydroxyphenyl)(4-phenoxyphenyl)phosphine
oxide,  tris(4-phenoxyphenyl)phosphine  oxide,  bis(2,4,5-trimethylphenyl)(4-
hydroxyphenyl)phosphine oxide, bis(4-hydroxyphenyl)(2,4,5-
trimethylphenyl)phosphine  oxide,  tris(2,4,5-trimethylphenyl)phosphine  oxide,
bis(tert-butyl)(4-hydroxyphenyl)phosphine oxide, bis(4-hydroxy-phenyl)(tert-



within this range, the phosphi ne conpound anount may

be up to about 90 wei ght percent, or up to about 80
woweioght44per cent . One enbodi nent is a flane retBCTHES1006/039051

conmposition conprising a phosphorus salt having the

formula 0 M+ -OP (OnRl (OnR2 d wherein Mi+ is

Al13+, each occurrence of Rl and R2 is independently

butbDpidipRudr Q&RIDY k te?t!’ll‘}ht Zﬁlb YT T Qhd MAROA 1fke] S,

u8§pan8 a tr%ﬁ%dr&%ﬁr ﬁ'sphﬁﬁe of? e havi ng thele

comgbinatocng tleer®f11 R3- P R4 15 wherein R3-R5 are each
independently C3-C12 hydrocar byl . One enbodinment is a

ant conp on .conp gin .
e TR S PRRR IR RRL  BRSCRRRE kel PRy weigntof
the pli‘d)s@ﬁirﬁd:ofrfp@ﬁhd rHapdte ol [1p0 @afhibheveightitdrRl of the phosphorus salt
aIIyIdlﬁhenyIphos hi ne oxi de, and conbi nati ons

andthe phesphing dapmpesody N ithisghsarnes2bo sherpds 1conneupsh @mount
t

may B0 B Bbout, REp APy REhe shal lneimRAE D} pAfk: BFicBhe. Also

withphabis hriamge, dlenploasphline Howpoend aintount nragtbenge &5 sbout Foweight

to.b bl ended bef
pe“ﬁBHPfP%ﬁyq%mggﬁg?ﬁﬁéﬁmﬁéﬁpgsP[?on egof eiaggﬁe as

denonstrated in the working exanpl es bel ow, the
Oneadidodiages ioh fifife fre@fdnt Iceinpbdash coaipaisitgt 4 QPhoBFHoriRe salt

attained jf the phosphorus salt and the phosphi ne
havingihefon@ultr e added as separate conponents to a pol yner

conposition that is subsequently intimately bl ended.

The flame retardant composition isuseful to inpart

flame retardancy to a/vari ey of p®lyneric

conposi tions. Thus, secon cat egorly of enbodi nents

relates to a conposiftion konpr|3| : (a) a

t her mopl astic re¥n roa_rjfrndEBth sin; and (b) a

flame retardant conpnising|(bl) a ph sphorus salt

havi ng the fornul a (0),R?

d

wherein M* is AI**, each occurrence of R! and R%is independently C;-C¢hydrocarbyl,
and each occurrence of m and n is 0; and a trihydrocarbylphosphine oxide having the

structure

wherein R*-R® are each independently Cs-Ci, hydrocarbyl.

One embodiment is a flame retardant composition comprising aluminum
tris(diethylphosphinate) and a phosphine oxide selected from triphenylphosphine
oxide, allyldiphenylphosphine oxide, and combinations thereof.



O M+ -1 (OnR2 d wherein M+ is a netal ion or an
oniumion; dis 1, 2, 3, or 4 according to the
WO dnvi44g9 of Mand its oxidation state; each PCT/US2006/039051
occurrence of R1L and R2 is independently Cl1-C18
hydr ocar byl ; and each occurrence of mand n is
i ndependently 0 or 1, and (b2) a phosphine conpound
In okebabédimheht, € fdnd et @GR CHYHIIASH M) Bs d by blendsi
trrhydrocarbylphosphrne oxrges andgco%%?$gﬁr 8, ending the
phospheris §elt awhhsi nhesplons cqapeunds Hawever Hibismophasssiary festhese
two 30fhpbiGAIRPEL pFEBIAIRPHoBR: MERfon 0 & A& s For

for ‘use In the conposit
exarqada,rqslcbmopstr@t@hm)theweﬂ&ﬁ@ e;ta)rﬁplesplﬁélw athy h@smﬁtages of the flame

ol styrenes includin
et Y S Roed s SFIBOAL e PPMOT sy difephosphine
compoutddbre ARRA aso% a4ty I og@ﬁts o B ()1 chgﬁgﬁglﬁ&f that is
I ncl udi ng | ene and pol ypr ene
mﬂ“?%&ﬂﬂmmﬁgn%dvyém (ﬁtes, polycarbonates
pol y(styrene-co-acrylonitrile)s ("SAN'),

The glo r%é%@{é&?aéfn) 261{1 Jlt? nel%clggﬁ@(é% ?rrﬁg%rf gl 2 yr & (fa)ncy to Ia Vane "of

polypetiy (@oipobkitiohs. r i Tiess o Séapne NExtegddy aifréthlﬂirﬁ&lénté 'Bffes) 1o a
i m i m des,. polyetherim des,

ol.yi m des,. polyam d
COmpPRSH |°P’61H8§1gg éﬁﬂ@%@éﬁ#le Aegl oy W@@Qﬁﬁegesm and (b) a
fl Qﬁgh‘@ggi e, and 8
ams%tglg%%g gg’m)p%; 6(5/%%39051a on‘%r natr ons

t her eof . These t hernopl astic resins and net hods for
their preparation e known in the art. Conbi nations
(bl ends) of the afofenmentd oned thernoplastic resins
i ncl ude, for exanplfe, polp(arylene et her) - pol yam de
bl ends, pol y(agpteneq gﬁ %e yrene bl ends,

pol y(aryl ene et er)-poly | efin "Bl epds, polycarbonate-
pol yester bl ends, olycgjg te- Al bIends,
polycarbonate-polys | oxanen'dl ends/ and
pol yet heri m de- pol ysi | oxane bl endsd I n one enbodi nent,
the thernoplastic resin conprises a poly(aryl ene

et hep) . Preferred poly(aryl ene ether)s include
wherg ds)ﬁr@?tg logor gn Gm&‘i“htqnhgilli) hehd), of # agcording to the identity

of Mp%d/ {tg o§1d‘%5§? Etﬁ?@ e&ch"’ J*éeegle}éetaﬂr? R i %ﬂ‘?i ﬁe I o*x‘éf}'f'f?ﬂ %18

di met ypheno trime
hydrqqarhyl arpbbWZQC@udemt <h@/in- dnddnpik endféptendaently 0 or 1, and (b2) a
r-co- 6-.trinmet 1,4-p nylene et her)
phosﬁl{lrlggrms ef orpg%qnﬁis sui ¥ { é‘ for n {ydg dphospfines,
trihydmocirbgighodpbine®add) shd @RiMations thereof. Combinations (blends) of

thermoplastic resin and thermoset resin may be used. Thermoplastic resins suitable

for use in the composition include, for example, poly(arylene ether)s, poly(arylene
sulfide)s, polyamides, polystyrenes including homopolystyrene and rubber-modified
polystyrene (“high impact polystyrene” or “HIPS”), polyolefins including
polyethylene and polypropylene, polyesters including polyarylates, polycarbonates,
poly(styrene-co-acrylonitrile)s (“SAN™), poly(acrylonitrile-co-butadiene-co-styrene)s
(“ABS”), poly(styrene-co-maleic anhydride)s (“SMA), poly(acrylonitrile-co-styrene-
co-acrylate)s (“ASA”), polyimides, polyamideimides, polyetherimides, polysulfones,

polyethersulfones, polyketones, polyetherketones, polysiloxanee, and the like, and
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resins, unsaturated polyester resins, polyimde
resins, bismaleimde resins, bisnaleimde triazine
WO e®insi48Tyanat e ester resins, vinyl resins, PCT/US2006/039051
benzoxazi ne resins, benzocycl obutene resins,
acrylics, al kyds, phenol -formal dehyde resins,
novol acs, resoles, nelam ne-fornmal dehyde resins,

- e .
e R o e S ptio e BB b2 preparation
are knovan liy lthe agoc@embmatiens (phsws)l oﬁﬂﬁadaﬂondmmbmd tiedeeplastic

ns_ ther.eof

.and the |jik t
resi SRt PPN GEL o STl o es Plepth peglyCaryiene
ethef)§5d1styrkie alﬂ@ﬁdberﬁnol?(fﬁﬁﬂéﬁd'f%@ﬁer y-boIgolehfr BRRES, ﬁa@E}'c&bonate—

conprises trial anurate. 1n another embodi ment,

polyester blﬁ@wgbicarbégatﬁ%ﬂpkné%svomcadﬂongtp-nog@&gmme tbigngls, and

o
comPriv® amy(bﬁt]léhé&ﬂlem[ﬂrbﬁ%ﬂ) ﬁb@@@ﬁﬂe ethiads ii]iclmdé\_hbﬁloﬁdsiymers
of 23 Efetthidenol nes £0LCob SR ComEPRREHetin) 1 oL HiLes of
2,6- Hl%@%ﬁqﬁ'le‘ﬁt)l Xnd ar -&1rh§th§d&>ﬁ€ﬁol -8 Ogoly@?@JdlnMetgyISI 4JFH§ﬁylene

pref erably | e epoxy resins include t
ethepmr@aﬁe@@‘lm?thb’h134fpélamﬂmﬂﬁtb¢r))epl chl orohydrin or
epi broi nohydrin with a phenolic conpound. Suitable
[ & C n | nol
TR RRE ke BB R 5B ah 58 colBhsig B B R SRARLE spory
resiﬁ&, 7unsﬁuh‘¢tﬂado>ppﬂ‘@ptteh ak@ﬁs polyimide resins, bismaleimide resins,

2 _lé%?&) ne n o ho Sf ?1 . e%ge(r) gélgsg B\H@L}oqesma, lgpngp}baﬁwoqesms
benz%c?clo@ut@ne‘ tr§§u'isa ”ﬁ:‘i’ﬁi@s b 'aﬂﬁﬁﬁ‘ 0 bher%l-%om?&l&hy@e (}esms novolacs,

exaneth Iblphenol t et r abr ono-
resolesg’ - 4@@@@{1“9111@1@@&@ | gems, urea—formaldehyde resins,

hyd%k%{n%@i?@&ra S t qSo a“?e[sr aHi% lyyI pgl e{ri%ﬂ,g lt)tlhsh%ln oﬁy?nurate, triallyl

1soc§an41ratb S.ﬁﬁﬁmm]éd pkﬂy@@bmﬂnae@ land heskiteg aad céhbinations thereof. In
.sopropyl i denebi s(2, 6- di hr onophenol)
one(gg‘?q IBER D Bﬁ et AFSIn cOmprises an epoxy resin. In another

embBditent,S ARE ORY¥HL LD eﬂalsﬁ{ Zodtnfiisaet BipheRabirate.  In  another
(t er anmet hyl bi sphenol
emb&bdmenrtsb@tlmpybseﬁmsmmoy(mxsnmrhilybh@wam)rat% 4'
i sopropyl i denebi s(2-allyl phenol),

Paﬂ%ufhrﬁzjsuﬁalﬁg %8&1 SR8 gé {nRRRAE ?tpc%l 'dgs%%%éé’ b§ H’l es@r%cture




(bi sphenol M, 4,4'-isopropylidenebis(3-phenyl phenol)
,4' - (1, 4- phenyl enedii soproyl i dene) bi spheno
w@ kiogphasnl P), 4,4 -ethylidenedi phenol (bisphreDUS2085/039051
4, 4' oxydi phenol, 4, 4'thi odi phenol,
4, 4' t hi obi s(2, 6-di net hyl phenol ), 4,4'-
sufonyldlphenol 4, 4' - suf onyl bi s(2, 6-di net hyl phenol )

Whe]h AfSIF lafio %’eln?é m{ﬁpfggglﬁé%iaéic f valen o8y X Xi i7 gxygen o&:_:itrogen m

uor or sopr oy herno
is 1 4y 2'afd eoymisteny Ivathhihle ivelened bff Xpht&hm is i(rﬁnslpt@]ﬁ)aﬂedkl%ﬂ 8, most
fbrﬁgé- ydr oxyphenyl ) -2, 2- di chl oroet hyl ene (Bispheno
Prel@aolysis ( 4- hydr oxyphenyl ) met hane (Bi sphenol - F),
bi s(2, 6- di net hyl - 4- hydr oxyphenyl ) net hane,

Sultﬂ)lé ef)&)ﬂ}b’ fdsRanEMid dese)plbdem ol thé réaction of epichlorohydrin or
ohexyl i dene) di phenol (Bi sphenol Z

eplbmlmhyéey HNidoropleanglic gempguidp ﬁeﬁahle nhfzuohc compguesids imchade, for

R —————————
dlhyﬂmymawhﬂh@reyI}((hpiﬁﬁy]phbsﬂlal‘yl)hgzdl(oqtﬁlom@ eblS(2 6- dlmethylphenol)
2,2 (]jhll a&gdrlgé(,ylﬂﬂ@gng ol | %2 I6r$ tety amethg;}lblphenol 2,2°.3.3°.6,6°-

hexalne(ﬂgyl BERXY - 3, D3t ﬁk&%ﬂéﬁ%ﬂz’h% -G-t3wrAnéhfioRpetAret hyk..
i hydr o- 1FF i nden-

dibrgng-28’ 3636 -t@@am@thﬁlbrmen@, 22 2 30,6'-tetremetiiylr8,355-dibromelyphasiol,

)1 di ol biin ne )
4,4 dgolgpog)Sfﬂ rbed 1 op lenong)(l%&eréogheno ) 4% 4. -1S€Brropyhdeneb1s(2 6-

dlbrblyldplmwl) lﬂ’enyﬂ)rbﬁ”ﬁﬂ)[s@helol D) z$,(1ﬂrsb1d1®b9bfd€m5&@6ﬁ 9-éinteaydphenol)
(terap}qtlglélgg g{;]gizg z: g g,{f}? —gs‘%g?opyhdeneb1s(2-methy1phenol) 4,4°-

1sop¥cfp'yﬁ&§wﬂ§§l2h¥ﬂ dﬁhéﬁ%ﬁr oxyphe;n@ Eﬁ‘én@'féﬁ@dns'bf)fo?)glﬁderhe)blsphenol

di iret h oxyphenyl

(bls}?}@tl‘D]akl s( Mhydr oxﬁ,ﬁhmmytopehmbl,s(& phenglpheiid) 5- 104,446(1,4-

pheraf?ow 1%3%?5?’031 1ﬁer§e}é1)(§§oo {pll irll) 4,4’-ethylidenediphenol (bisphenol

bngcébcyhmemypmﬂmlm Bdsiwl phﬁ&ﬂhidbﬁs(@&dﬂxﬁethylphenol) 4.4°-
i cycl opent adi enyl b di met hyl

Sufoa}/légp@%ﬂe nf‘émséfﬁ’wlbbﬁ( ézdﬂﬁ‘étlhﬁkpfnﬁ‘ﬁéhoﬁ)“ sulgmyldlphenol 4.4
h he lik d
S S s e G L e s A
pher[gﬂejhyjltdlenl@blsphﬁﬂwhl i i riBibphertdl gl ycAR)yl  bis(4-hydroxyphenyl)-2,2-
dichlof e&ﬁ)a @ﬁmthelé?vﬁ ggsﬁ E?ﬁggﬁhg%%ﬁ%%gneg@h%@enol—m bis(2,6-

dlma he SXﬁﬁbﬁiﬁ)m&héhél ene gl4y(xgﬂclo?éﬂf/1yd‘dne)dlp1ﬁhbler 4,4

yl ene gl ycol- d her, propy
(cycgqhwé}dea@)gmyemdy Bispe! Dol yhi ey eteprlifeaediphencl 4,4-
& d
@109&1%&&%]@&%%1{&%1 IEPE e re%gegdli% (k:lg -g;z)g(%wg&]%h& th)é‘:,3—b1s(4-
hy&bxg@hﬁﬂmbﬁkmzmmﬂmeneHyonanpouhméhy&msmﬂﬁnﬂb3Sbﬂymm%y123-

dihygﬁ)gﬁ%ﬂ - -pgdls {4%, B}éc? ARy %ﬁn@m%&ﬁ)&g}el?)é¥ *6-pentamethy1 -2,3-

dihyaR PHARAYA6], eBOXY!, ﬁ@éfﬁ%éﬂﬂﬁaz ﬁg'Spte@raﬁﬁrg '@bmlﬂﬂaene]
ester, sebacic acid diglycidyl ~ester, halTc acid
5,6'diod| y (Spdrpbiindane),, aliftydrdrybendoghenand n{bmphee@;l t Hex, eofris(4-
hydroxyphenyl)methane, tris(4-hydroxyphenyl)ethane, tris(4-hydroxyphenyl)propane,
tris(4-hydroxyphenyl)butane,  tris(3-methyl-4-hydroxyphenyl)methane,  tris(3,5-

dimethyl-4-hydroxyphenyl)methane, tetrakis(4-hydroxyphenyl)ethane, tetrakis(3,5-
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Al so suitable as epoxy resins are the glycidyl ethers

of phenolic resins such as the glycidyl ethers of
w@b@nol+8or mal dehyde novol ac, al kyl substit ut eRICPE82006/639051

f ormal dehyde resins including cresol-fornal dehyde

novol ac, t-butyl phenol -formal dehyde novol ac,

sec- butyl phenol - fornal dehyde novol ac,

- ta. mal R
O Y RS R EPpLIAGERRRE  oxide,
dicynlopentadienylis@, G- fiendthyt ephe@ Pedicydepentddiaybkis¢snetleylieacl),
. ci dyl hers of DQr henol -.f or dehyye novol ac,
dicyRiobgnisiml bioheTard i BEF ABY piikBre Tol!

phenol - bi s( hydr oxynet hyl ) benzene novol ac,
Othgheggtablel S Efuxgr Oyt hirlchide heNydlycidi@V odtalalimide, N-glycidyl

henol - hydr oxybenzal dehyde novol ac, .
tetrypamehibelimisie] BPEH AYERY #lbsio|neutyiphenyl glycidyl ether, styrene

- 1a -0 d n : t - 1
ox1dt3;i g{éﬁh)g%!regg( yér;rgte%‘iy ;%;T%/geﬁlzee g@hlggiéglggﬂﬁ I%ﬁler, polyethylene glycol
diglyagit dtlodr; bropglene rabyopiretiglydiylpétery lpplypoopyleae, glycol diglycidyl

o] Y ERA B A OIS cens el g

etheBNBispherbU 2 8ypehesef con‘}%&ﬁldgc,u bispRéR] 3S-tyRIRO¥PoxESbhAounds,
are the polyglycidyl ethers of polyhydric aliphatic

resogipQtities epEya afyRBRUngs, phenel prsivplegdype cpg oo Renpoyrdss cresol

/| [ re, 4. 4- (.0l : Ol .
o AL LR g LRI el a0 i
este pRthabic sdid dipyyhidyt ystey ahd Hexiide) mdopatereatidreof.

pentaerythritol. 11 WO 2007/ 044489 PCT/ US2006/ 039051

A BB SSRGS T A o e
glycRiys pReRe & SpienoPRInAh de PRARMC, I @&iyD, siddRAbd Cphenol-

resins, and the |ike. Exanples of the am ne conpounds
formakdshyide al i phatic ami ne coi¥piBeinds, such as di et hipchding

cres%ﬁfomlﬁﬁlyfdg%%))lact %Fﬁ%eﬁ@%bﬁ%l?%d@ eno(/IEI,Agec-butylphenol-

etraet ne pent
forndildehiygd ambwnape,o psgraodtylehérioAbA)aldehpddy mendacli acimyphdsdol-

toreH RS B RS "B bl i E poHse S0 bl Othe

usefl} RpBRES e theaBlyerisd MRRAY . oft Blomophenol-formaldehdye novolac,
di am nodi phenyl et hane (MDA), di am nodi phenyl sul f one

chlogquiprd)formalielydaoapyiany !phemqi\éxiS(bYdiowmetthlR@,nZWd novolac,
phe%ﬁ%ﬁ@%%ﬁﬁeélﬁ}ﬁﬁei&)h@f@mﬁﬁ]\é&%%%%@sﬂﬂg&ofﬁ%nza?&hyde novolac,

phewtilrigdyolopaithdionet yighenohaphdPfdid)aldehyde novolac, naphthol-
bis(lz}?dagyéy%%@é%%ge Srg:{\rlg hil )%g&%g;%ign%thylﬁp%g&l)d Inrg)%blac,
napth G-I dRRyBALMKIANEX AB%olac GraPhiRSL RORYSHettadfne Bovolacs, and

the like, and mixtures thereof.

Also suitable as epoxy resins are the polyglycidyl ethers of polyhydric aliphatic
alcohols. Examples of such polyhydric alcohols that may be mentioned are 1,4-
butanediol, 1,6-hexanediol, polyalkylene glycols, glycerol, trimethylolpropane, 2,2-
bis(4-hydroxy-cyclohexyl)propane and pentaerythritol.
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phenyl enedi am ne, p-phenyl enedi am ne,
4, 4" -di am nodi phenyl net hane, 2, 2'-bi s(4-
wa@pionopaenyl ) propane, benzi di ne, 4, 4'-di am nopPE&rny52006/039051
oxi de, 4,4'- di aininodi phenyl sul fone,
bi s(4- am nophenyl ) phenyl phosphi ne oxi de, bis(4-
am nophenyl ) net hyl ai ni ne, 1, 5-di am nonapht hal ene,

CunE% )é%érﬁg‘ﬁs kl?é@ggﬁy rddins )fﬂ%ﬁtgbe&gﬁg‘caﬁgo%nds \ anhydrldes benfeﬁedml

[ enedi am me
complowndsnbiseirenobtesing pelyhadde plemdi mma,zpitmnhe m@,ms and the like.

bi 4- i nophenyl henyl. met han . .
Exargbit i1 S T L SR ko Gifatic mipe _ggmpopindsy: sigh 2
d1etl‘%‘l’@fer%|aﬂ1'il%"®ﬂ"%( |tﬂ9ﬁ Eﬂ@ tetramine TETAR tetraethylene pentamine
bi s(m am nopheny , 3, 4- oxadi azo

(TERAR.- buchﬁtbylammon?tﬁmy@wym 1,(BEAP#adi azeméene diamine, N-

amuﬁi’ gu@al?{ e EP h %11}1%%%%5%%65@@)&% ®he like; aromatic

amn(el 3co’ifn1ﬁxmd$ az elhth ), a4, 4m—1ﬂ1eamen@d| ghenyd et MPDA), 4,4'-

4 - bis noph dit zol e,
dla“H‘rl‘Eﬂlglﬁeél B‘E ﬁ?‘ﬁopheﬁ@b‘@ t hi a‘i‘é‘ﬂﬂ B@ﬁ’%ﬁﬂlﬁfone (DADPS),
dlanﬂndldlppén@%tﬁ&bﬁﬂztﬁg '11|kbda§1d écénda bATEHDRP AR ¢ ﬁ§§ ﬁich
I S(4-am nobenz phenyl enedi am ne, an
as m’!@tlﬂme@h&;@m(@]@hhm @EDMIAI)n el)meﬂmlammam@ethylphenol (DMP 10)
tns(%mge rl‘aoml‘?ixortnlrggw§Pﬂerfo r2| gg} @I\ﬂ?gl@?nyl S'pltp Ilu?iﬁl ne, 4.4'-
dlanﬁnmm}&xﬂnﬁt&hbw 1 g-difihBocydohea®d)i 1706-diaGrinopyridine, m-

nyl-s-triazin '
ph ef%%@ﬁ%ﬂ%s?ﬂ%@@d@@ﬁéﬂw&p Hehylignigotiphgpyimethane, - 2,2"bis(4-
amu%)pﬁ@i‘lﬁg)_ _aﬁ@' l'i NBenAdihé] @Zi B9V diaminophenyl oxide, 4.4'-

-am™n phenoxy-s-triazine,
dianfinedipmenylsulfbheyr o- lgs(ﬂrananopt@;ny]zplmmy]pbosphlne oxide,  bis(4-

6- chl t
i ST REIG ) 2 s enP Sl o pavicpegiamine, -
xyleflédifmiie; S- t nle;aezm&yle&dfmﬂnwn no-g6 dRiniyib-2 pyiida] ne, 4,4
2, 4- di am no- 6- Aghen yl -s-triazi ne,

d1an2nqbe(gl;z@pheﬁ@uea #rdigmingazqhenzenge, 'bis(4-aminophenyl)phenylmethane,

1,1 —%8@?%%13‘%%@},@%#?@%? 8 g%% §(4Sant11'hb %Zﬁlgt‘ﬁylp%e&?l)c&gloﬂ&ane

2 S-bis@manmacﬁ)h(eml)amme@twhgzb)e s 2t5-bia@-aminophenyl)-1,3,4-oxadiazole,

6- t 2- ol
e e R E N ééaﬁﬂwemglﬂahﬁwt@@a-bw-
(1 3t4t@{aﬁﬁfzolyf)w t ahlsedemdmatished§letter, es'ﬁ&'—ﬁlé’(ﬁlaﬁﬁ Ehenyl) -2,2-
npounds of structure A--{-OC wher ei n isS an

dlth@zglﬁnmcblaiﬁ-n #BingaRenyl- %thiaé%ivl)bffnzvm, éﬁcélaﬁnn%h?@zmh@e 4.4'-
a E f I 3
dien O e SN b B B BB eoctaing, and, 4
met]iyl&iebth{z: ulnlymyﬂma} obhweiwwine, 2daminarstriahianz @remino-4-phenyl-s-
trlazine4 5 agélg&é? nat Ez)sgnz glrﬁ(ee 22 ar?un%l 4 %_d?elfl}tl%ls:tﬁazine, 2-amino-4,6-
dlph%nﬁ DirtabmBUd Whiido-3 6dlb1§%)axﬂ@ﬂh@9ﬁﬂ1€ﬁﬁz- s-tdahl, W AnihoH-anilino-
di cyanat obenzene, tricyanatobenzene,
s-trigzine, - @yanmpebplgﬁmenys-tlgazgne 2-amino-4-chloro-s- tmazme 2-amino-4-
aminomethyl-6-chloro-s-triazine, = 2-(p-aminophenyl)-4,6-dichloro-s-triazine, 2,4~
diamino-s-triazine, 2,4-diamino-6-methyl-s-triazine, 2,4-diamino-6-phenyl-s-triazine,

2,4-diamino-6-benzyl-s-triazine,  2,4-diamino-6-(p-aminophenyl)-s-triazine,  2,4-
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di cyanat obi phenyl, 2, 4-di net hyl -1, 3-di cyanat obenzene,
t etranet hyl di cyanat obenzene, 1, 3-
waelr@yanasonapht hal ene, 1, 4- di cyanat onapht hal BeTIEFUSDP&039051
di cyanat onapht hal ene, 1, 6- di cyanat onapht hal ene, 1, 8-
di cyanat onapht hal ene, 2, 6-di cyanat onapht hal ene, 2, 7-
di cyanat onapht hal ene,
d1anﬁné2-6b(lrméﬂmﬁ>pﬂbﬂi§ﬂpmﬁ1@y a nlﬂdlﬁfﬁbfm ohPI-LB#Ihel2-31,6-and  6-
tri cyanat onapt hal ene ﬁanatophenyl)propane
amigg-§fuazing b iefpckipe § lh@taﬁla ﬁ@xtures thereof.
bi s( 3- chl or o- 4- cyanat ophenyl ) net hane
Sultﬁ’dlé 6 ' Tad}?ﬁ t)|15ﬁfr ane,
|@Eﬁés£@;g%¢%gﬂgﬁi O?I%H§8ﬁ1y et Eyl i dene) ] benzene
, 1 1,1-tris(4- cyanatophenyl) et hane,
1,4-bis[4-cyanatopheny|-I-(1-nethy|ethy|idene)]-
benzene, and the |ike,[ and mi xtures thereof. The
cyanate ester naybé-a[é&ané? qer prepol yner, such
as, for exanple, prepolymers of R
2, 2- bi s(4- cyanat ophenyl ) - pr opane,
bi s( 3, 5-di met hyl - 4- cyanat ophenyl ) net hane, 1,3 -bis
whefein Ayia g orgahiorgrlinorgani¢ ladwaébflyéletdeyi aniken é frivariz 8008, ideally

2-8, }noﬁbpfe?éf%l&&aﬁl aggﬁ%ﬁgﬁan&e é}egseltl n (uﬁcm{(liel: g}%ggt)oLgrEzgrzlee n163-

anat
4-cumpdvyapdteiene i) edioyenriobaEeRE . 2-Aibhifiicyanatobenzene, 2,5-di-z-butyl-

.yanat ophenyl ) ket one, bis cyanat ophenyl )t hi det her,
1,4- ‘E}f’%a(n?rt gﬁ%ﬁ‘?ﬁﬁo phenys I5)C§1§Tbﬂl§aé;3 dlci&’@@Mlenzene 4-chloro-1,3-

W]%ﬁe nyl)
dic tr| s(I cyanat olp eny{yahﬁ &%g?é AI %nfltof)lpg?rgl ot h%’?
dlcy@gam’mpl'@slyhs? @dsnétbjdd&-dwyhhaﬁ)beﬁaftne Nm::arr&ﬂ@lxﬁc%&obeﬁlene
| nes 9.to anate e e mers that can
13- e R e s T RO AR A e i ey ey b

1,6- dﬁiy@ﬂat@{a@hﬂﬁleﬂe d1 mc%a%@ﬂuﬁﬁénéom A@chddtons gﬁthélgn@fz 7-
t he cyanate ester resin in the presence or absence of

dlCY@élaéoalaah%ltenesA t y Bi2ckis(3 Sxdihysimeo- 6fcywé¢pmnyi91mm est &3,6-

044489 PCT/ h
o LI 0 SR
cyaneiyoahqtyb)m'adﬁwlle) rha!;(ﬂa:hk)ro-sledydnampkﬁhyl)ﬂleﬂiaﬁ@d&@@m’—dlmethyl 4-

B- 50 0, PT- T- 60S
cyanlGRDneianess 1z PP U NP R s Graterdasedbenzone,
1,1,1dirfs{4er @ahatoph, Eﬁm@e%tlen-b@[%%ﬁé[@hénﬁ%%eﬂﬁgﬁg yhﬂéneg]

can m xtures of ‘one or noré cyanate este yner
benzgpe, and the life, pat mixiyeen shaseafs fféic cyontedshir mgpydmm wmse ester

t | ef t
ST T N T T —
bis(3L3- dgnet%dk4—2ﬂ$§8ﬂe1€?d1%ﬁh@b l;_?_ eSOf OIrD Egaﬁ@phg ar%t&i@xenyl 1-(1-

B- . ,
meﬂ‘#ﬁe%‘%‘é eggenepA.Hhjgld-Cianatgphenyh b-(1 ek dgbylideny)lbemene,

bis(42REAnsWpkdSNehdB 7 T e3dps Met R ch -
: (mst al glglr glgxyl at es cagg be u%lerzlgﬁt éltog eﬁ!é)}/}é%élzeéé cu?cg(d'
cyanptgpkenyl)ketone, bis(4- cyanatophenyl)thioether, bis(4-cyanatophenyl)sulfone,

tris(4- cyanatophenyl)phosphite, and tris(4-cyanatophenyl)phosphate. Also useful are
other cyanates as disclosed in U.S. Pat. No. 5,215,860, col. 10, lines 19 to 38.

Cyanate ester prepolymers that can be used in the present invention contain free
Cyanate ester groups and may be produced by partial curing of the cyanate ester resin

in the presence or absence of a catalyst. A typical example of such a cyanate ester
13



of cyanate esters. Catal ysts include manganese
napht henat e, zi nc naphthenate, cobalt naphthenate,

woe@Rel448apht henat e, ceri um napht henat e, mangaPEBES2006/039051

octanoate, zinc octanoate, cobalt octanoate, nicke
oct anoate and ceri um octanoate, and the |ike. Suitable
bi smal ei m des i nclude those of structure OZ MNI Z

prepotyrier V\’hl reige | NpAkiks arch@bincal pro@mdtai PIfng bas(3G-dimethgh4-
valence n and each Z |s i ndependent |

cyanammuengmatham, sgldrunder the teadennag A1a5ry&Prihdt-pe N2l RL60.
|

e o R APy S0 ARt v pe i

cyane@é B§t&r 18 ?olﬁlnétsfﬂl@ebe useddbd capciixtunas obbserat miord cis@sate ester

derived fromaliphatic or aromatic.di am ne sS4 §P? ¢
prepcéﬁaﬁm with ggne, A% éxpcmeacfy@aatp rﬁst,fééioptﬁml% &gompounds tia are "%

I'S QA8 inklfk bﬂnﬁﬁﬁhﬁ' SindabRIYeproduced by
prepo%ylﬁ ljgl s%{a@ Ey%gﬁée%enel 1, 2- bi smal ei m dobegzlgne
Lonz2 I4d bSsmtmérddndi aiwlt inklndaelor example B-10, B-30, M-10, M-30, PT-15,

ookl LB R RN g R s

and GuatrexDi18Ms@isn dodi phenyl sul fone, 4, 4' -
I smal ei m dodi phenyl sul f one,

Metasrrgqﬁ'é p%lgﬁnglrﬁgl:qlg,npg g%;qc égllrl?g)r(] %gtelg gqep: Qqarﬁs'%glt%a&?g%ﬁt’lseﬁ%%ure rate
of cy% %e egﬂe%( @la‘fys'fg gloﬂi%E hydnb&Yst aRshtR&Rte, zine nththenate cobalt

er’l ni domet hyl ybenzene, 1, 1 -bis(4-
naj hﬂﬁh&ﬂenmmkph aaphtheyatd, obrsiaan @aphthenate manganese octanoate, zinc

oc‘car%qz{g’ee :8)? tcclggﬂ.nﬁgéglgllﬁckﬁ é)nhnﬂ%[? %12& S ftm g’cténoate and the like.

2, 2- bi s(4-mal ei m dophenyl) pr opane, 1- phenyl -1, 1-
Suitddl ShidmaRrirgides thepidenlydsk f kaneyre
a, a- bi s(4-mal ei t ni dophenyl )tol uene, 3, 5-
bi smal ei m do-1, 2,4-triazole N, N -ethyl enebi snal ei m de,
N, N - hexanet hyl enebi smal ei m de, _
N, N - m phenyl enebi srmal eiom de, N, N| - p-
phenyl enebi smal ei m @

N, N -4, 41- di phenyl neg , NNN-4,4"-
di phenyl et her bi smal gi
N, N -4, 4" -di phenyhsH N, N -4,4"-

di cycl ohexyl net haneli
N, N - al pha, al pha' -4,

wherein in M is a radical containing 2-40 carbon atoms of valence n and each Z is
independently a hydrogen, halogen or an aromatic or aliphatic radical and n equals 0-
10. M can be aliphatic, cycloaliphatic, aromatic or heterocyclic. A preferred class of

bisimides is difunctional bismaleirhides derived from aliphatic or aromatic diamines.

Specific examples of unsaturated imides include
1,2-bismaleimidoethane, 1,6-bismaleimidohexane, 1,3-bismaleimidobenzene, 1,4-

bismaleimidobenzene, 2,4-bismaleimidotoluene, 4,4'-bismaleimidodiphenylmethane,

14



di met hyl enecycl ohexanebi smal ei m de,
N, N -i n-xyl enebi smal ei mde, N, N -4,4'-
walehemeBrycl ohexanebi smal ei m de, and PCT/US2006/039051
N, N- net hyl enebi s(3-chl oro- p- phenyl ene) bi smal ei m de,
various mal eiinides disclosed in U 'S. Pat. Nos.
3,562,223, 4,211,860 and 4,211,861, and the like, and
4, 4 lntlisEBSodipRnREner MBI ei FiXldsnedimid digheapiauléshedy 4,4
~ methods known in the art, including, for exanple .
bismalpiesidodiplswissliend, n th4sbismplgimidgdicyglobeyimejang,, diehis(4-
enhodi Lhe mal ei m de ¢ 8siRidiSi dfhed’ - 1,3
male‘&?rfg%@{ﬁwl déll%é bi snal ei %’%ggh{%’hé co Mc}si % on my
bis(nesmidosestiziipytiohékahe, atigh+bisfalpianitiembthyleénghne, of 1tlHeis(4-
t hermopl asti ¢ resin and/ or. r.noset .resi er 100 '
el R kR o " i ISR SR PPl 10 4
biscitt? . ﬁﬁidhgigﬁa%%tethﬁﬁé,Im-eﬁg-ﬁﬁ&iﬂlmpgeﬂy@pwpda@tL-pwriyhun-

S ran the anmount of thernoplastic resin and/or
bis(4ttheleimidephenp3éthaneay be at-tiddsealeipidepheoyDighens py 3.5

) i ght, at | east abo 0 i s ight. Al so .
blsm&fél"ﬁﬁgﬂ'lt%iéﬂ?‘zgkege, t he ufghl\?oheﬁw%}eﬁ%s e}érr{\@% astic r eS|I\Ir’1N
hexaﬁié&{yﬁithelﬁiblﬁﬁléﬁﬁi?h r gsi FNérIgymb{ﬂleﬂﬁgﬁebi@Meimi@ﬂ?r hpar t SNBy-p-

wei ght, or up to about 90 parts wei ght . ..The o
phenylsperdgnalpigidemy cHthré},%éh%Mkneih%sb’a'@gﬂfm@@ par t5Nb§*
e .£la ot AL Rdleibflfe,Par NNDY,4'-
d1ph§§{lé§ﬁ%rb1?%lta§pﬁlgfe, e 8L A dﬂfhglglm%ﬁ&ﬁs_l eihilfe,

t he thef nop ic resin or thernoset =
dicydlelsixylnatbartehisnfaleamiles et ar dant . Wt hi n t iNSN'raihgealphahd.4-

. flanme retardant amount may at_ .| 5 S 41
RGBSR B TN BSOS, LS
diphWiy1 Qe hbRdn@bishRlARIR007/ 044489 PCTNIS2666hyRaSHIS(B-chloro-p-

rande, the flame retardant anmpunt rra%é}) ]513? a?%‘é 99
phengztpnpb;tsmgal@ml(\i@ivgﬁpgs male@yd{eg disglased 1 'ga ts%' ,562,223,

| ORI kS AICRIRARE thaof. QAARIhFEN Gan be

4’21@§9}hgh§?§%§§gs%dg&{ée%ﬁ Selected from pol(%/(aryl ene
prepaitet & Jnsethqats| knoamnyih ehrears dhdlidiag,sfor poinylerithiess described in U.S.

pol yst yrenes, polyol efins, ol.yester.s.. . 4 4
Pat. pHPy@a&@oi@t _esﬁl_ pi{vﬂey(e 9& él_-Ec te, IR 5o ) & N,N'-4,4
diphgﬁ;%lﬁl@ﬁﬁﬁélbﬁﬂﬂafdmid%? co- but adi ene-co-styrene)s,

pol y(styrene-co-mal ei ¢ anhydri de) s,

pol y(acrylonitrile-co- styrene-co-acrylate)s, .
The pesiypositigas magorgaRfige PhRHe) tpotlpst r?é?f pastyydy weight of the
then%%a%&%ﬁe%&?sand/op Qh¥xﬂfd§§€ Fééldc %@135100 RIKB$ G&sht total of the

pot'yet her ket ones, polysiloxanes, and conbinations
therinbplagtirf resiarmid/(dp Yheambbeimesin encithddfamectstapdansi Ngthinithys sange,
the grrr]lgg thc?tr tlfllgrn?(%llatlstirc]:%\élsiﬂgantd%% thef:r?nroggcl raesig may be at least about 60
parts by weight, or at least about 70 parts by weight. Also within this range, the
amount of thermoplastic resin and/or thermoset resin may be up to about 95 parts by

weight, or up to about 90 parts by weight.

The composition may comprise about 1 to about 50 parts by weight of the flame
retardant, based on 100 parts by weight total of the thermoplastic resin or thermoset
resin and the flame retardant. Within this range, the flame retardant amount may be at

least about 5 parts by weight, or at least about 10 parts by weight. Also within this
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11, M+ (O (OnM1l R2 ( )n d wherein Mi+ is Al3+,
occurrence of Rl and R2 is independently Cl1-C6
whyaroeasbyl ; and each occurrence of m and n PGI/0S20861639051

(b2) a trihydrocarbyl phosphi ne oxi de having the

structure O 11 R3 - P R4 15 wherein R3-R5 are each

i ndependently C3-Cl12 hydrocarbyl. One enbodinent is a
rangeOtheddnid edlardermidudit Agky Kehip do bb&Ut A& hE weRht Nor up to

conprising a_ poly(arylene ether); and (b) a flane
abmngéPHé Y Weihbr i si ng al uni num

tris(diethyl phosphinate) and a phosphi ne oxi de

n | . .

O s OrBRTAC (3fs i st rsin selpcted from
polytatylagee etherlal IpylytplephisnHidelsy i pdyanddes, qoibysiyrericsppslyolefins,
o 8 S s R
butalliefs-0BSBirenedS | po@@éﬁéﬁ@%—hfawi& astlyaeted, fpaa8R®Nrile-co-

resins, unsaturated polyester resins, polyimdeé
styrengprisTylatp)ss palyenidese PP%@WF@?}TH@% naeksethedmidesi aolysdfones,
y [ : o
polyf 85l DRonsy BOBAEORS! SonfeBEkOondl Pl BRRS ond, corghingtions
thereaifk yuid ,(bplefimhe fretardahd ebygdsing ebi na, phuspldras salt having the
form ;oles, nmel am ne-f or mal dehyde resins,
ea-f or mal dehyde resins, hydroxynethylfurans,
i socyanates, diallyl phthalate, triallyl cyanurate,
triallyl isocyanurate, unsaturated polyesterim des,
and conbi nations therfof; gnd (b) flame retardant
conprising (b 1) ap osphoﬂus salt Nhaving the fornul a

O M+ (O_P__(O)Mnﬁl) 'CSQP—*(O) R!

(0),R?
d

wherein M%" is AI’*; occurrence of R! and R?is independently C;-Cs hydrocarbyl; and
each occurrence of m and n is 0; and (b2) a trihydrocarbylphosphine oxide having the

structure

|°
R*—p—R*
i

wherein R>-R° are each independently C;-C;, hydrocarbyl.

One embodiment is a cdmposition, comprising: (a) a thermoplastic resin comprising a
poly(arylene ether); and (b) a flame retardant comprising aluminum
tris(diethylphosphinate) and a phosphine oxide selected from triphenylphosphine
oxide, allyldiphenylphosphine oxide, diallylphenylphosphine oxide, triallylphosphine

oxide, and combinations thereof.
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d wherein Mi+ is Ala+; occurrence of RL and R2 is
i ndependently Cl-C6 hydrocarbyl; and each occurrence

w@boomoangd n is 0; and (b2) a trihydrocarbyl phoR@HUS®06/039051

oxi de having the structure O 11 R3-P R4 15 wherein
R3-R5 are each independently C3-Cl2 hydrocar byl .
Anot her enbodi ment is a conposition, conprising: (a) a
Onet émhiddi)meﬁt ise compesitiun, Som@risingd{=y Fahﬁhﬁﬁhos%t ERAXYelé@&d Bom
lq:$ a flame retardant cqnprising al um num
Seleglp Tbt PRAXSh SEPRS nbsfurated  Ropissishniasiasoxpalsimide  resins,
0 W
blsn?élgﬁ%ﬁe%ﬁfeﬂﬁymgh%ls pﬂlﬁ%ethg%}lﬁ?j Eégngae gy@i‘al'téj Ester Tesh Vll!]lyl resins,
benmaaee resins | Hepiquiydsbiteme resimn deryltiod)i aﬂi@tds,opbenbhﬁrrﬂxafdehyde

sl Pk R A PR e
hydmyme@lytﬂmns MEYO G R0RS] S@ia hdlRES MaNjIoUSaRdahe! | 'eﬁ%ﬁy1

known in the art for 17 007/ 044489
isocpmpratgmsetahpalyesteiisnides 2ad cpmbimationnhtherpogend (b) a flame

tar AR er nopl asti c

reaconpogﬁ%#o S |ﬁ%#ﬂgghﬁyegﬂg%gﬁgﬁhg%%Phs%|C|zers

i npact nodifiers, fillers, reinforcing agents

(i ncl udi ng disc-shape fiIIers and\fibrous fillers),

nol d rel ease agents, / col opants (ingluding pignents

and dyes), thermal stabilipers, light stabilizers,
ant i oxi dant s, aqaa5| pro teré) rip retardants,
anti bl ocki ng agents, antls atlé nts, bl ow ng

agents, and conbi nati\ons t of . Syitable additives
for thernbset conpos\tio %{ clude, for exanple,

i npact nodifiers, |ow‘profile addi?igves, cure agents,
hardeners, cure inhibitors, fillers, reinforcing

agents (|qglud|ng di sc- shaE? fillers and fibrous
wheein Msr & Al pcguirerice @6 R ain@ R{ &5, indénendentlyi -Gy lsydrocarbyl; and

nd d S) ...t her. .
cach TRl HUE e h B 3} O dpalb Bl B3 o Rl AR i L5 hdne e
strughwrenot ers, drip ret ardants, antl bI OCkI ng agents,
antistatic agents, and the |i ke, and conbinations

t hereof . Apparatus and tegyniques for bl endi ng

t her nopl asti ¢ conpositions;and thernoset conpositions
are known in the art. App atus suitable for preparing
t her nopl astic R3—P—R*

b

wherein R*-R? are each independently Cs-Ci, hydrocarbyl.

Another embodiment is a composition, comprising: (a) a thermoset resin comprising a
bisphenol A epoxy resin; and (b) a flame retardant comprising aluminum
tris(diethylphosphinate) and a phosphine oxide selected from triphenylphosphine
oxide, allyldiphenylphosphine oxide, diallylphenylphosphine oxide, triallylphosphine,

and combinations thereof.

In addition to the thermoplastic resin and/or thermoset resin, and the flame retardant,

the composition may comprise one or more various additives known in the art for
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bl ends includes, for exanple, two-roll mlls, Banbury
m xers, and single-screw and tw n-screw extruders.
Wo\ppanatss suitable for preparing thernpset bl BEHES2006/039051
includes, for exanple, flasks or beakers with
mechani cal stirring that are used for dissolving the
PPE oligoner in a suitable solvent or curable
therrpoptpssien dnd I\ﬂhbldldsetabomposm&ﬁd t Guithblel hddiev@® for thermoplastic
ssol uti.on quar.e rectangul ar pan containin

cometFs g O B FOTG Hesizoro HMEAEReRpHidgnatngcing
agen® (BlcARISngC |dddkhvp&l HIRR NPdt Rbrotk OEP IJF Hlfoﬁcgercfeg% Iaéents

sol uti on. The COI’TpOSI tion is usefu rca
cologgplsi ¢ingkiding Rigmentef ansy tdycs)egheﬁitahsstamheers,e ritpheli suabilizers,

ant1dx§c}aﬁ& ae[d'hkzﬁln? O@S%Eeﬁs? 5‘% ya(c%élts Q@ﬁg&%}%@ﬁ %é%{ii% ??erglégatlc
agents tbltemrr@ &génts egidncontiiBatdik itedrEo BTt BORAi & Gest #3¢ thermoset
S|t|oa E*an uncured, partially cured, or fully

- compqsiiags dnsiude BRI cgnpRel NosBiare alovh grelile| asdisives.r anre
agents BRFARAGS, Qﬁgﬁﬁﬁﬂb{tbfén filledse r&hﬁ?&ﬁ% %gerﬁg I(191W1ud1ngdd1sc-shaped

context of the curable cohp
fillerp and tfitweiss filers), pmlgl (raljeysleeagents,eﬂhwrmodhﬁetsl,’l coﬂiﬁﬁifd’l (ifikl@&ing

ti Lcles fro | astic
plgmegt:smérgﬂdlygsa tﬂ‘%ﬂi@; l%easr, elétﬂlzj‘%ﬁq gntieridays egdhesion
prom@xdrs, Ui BetaﬂdﬁmtﬁChmtﬂiﬂodm{gdhg&ts QREBES agintd, éﬁciﬂe%kg, and
nol di ng, extrusion nolding, conpression nol
ComtBP"BW Hg. The article may be in the form of a
film sheet, nolded object or conposite havi ng at

AvRe! B tethBUES CSOTRAY L b FERTRAT e ) Moo

compogitionsi@te known hio dheofrt. p rlmmratlusgsmfablepﬁlr regaring thermoplastic

hod. of
U A T T T

twm—tsd:’rewrmﬁhd&fs | Apbestid saftatle f&?{réﬁﬁﬁﬁg tﬁeﬁ%?gﬁg?ﬂgs glgﬂucﬁs for

examl TGS eI PTI B PSR SO eRay. wedynftislving the
PPE \Mlg&ﬁéxnld\/g %I bR TR} o i‘oB%l%B{ea?)n?};HD%H] | ﬁﬁ]&l ‘lq?ag 1S used2 to

3, or accor ng to the |
facilitsgg @lasqlu_tn)ns tﬁasmarealcﬂectangmmf}mnmenﬁfml@.t}ﬁ&ésnﬁ\’golhﬁon is used

endent | C18, _hydrocarbyl;_ and each occurrence
for cdaPHERERRERAah |TeleSh SlndbNia pransihe £0th o fisApoia solution.
phosphi ne conpound sel ected from
The tampusitionc &r hydfpihes Mabi@sing articles or parts of articles. Thus, one

embodiment is an article comprising any of the above-described polymer

compositions. When the composition comprises a thermoset resin, the article may
comprise the composition in an uncured, partially cured, or fully cured state.
Techniques for fabricating articles from thermoset compositions are discussed below
in the context of the curable composition comprising a functionalized poly(arylene
ether) resin. Techniques for fabricating articles from thermoplastic compositions
include, for example, film and sheet extrusion, injection molding, gas-assist injection
molding, extrusion molding, compression molding and blow molding. The article
may be in the form of a film, sheet, molded object or composite having at least one

layer comprising the composition.
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tri hydrocar byl phosphi ne oxi des, and conbi nati ons
thereof; to forman intimte blend. The flane
WO edoandass is particularly useful in curable PCT/US2006/039051

conpositions conprising a poly(arylene ether) with
pol ymeri zabl e functionality. Thus, a third category of
enbodi nents relates to a curable conposition,

The oom@ptioms ﬁm@lar inadudes 4 nrediddaffqirépzlﬁﬂF twdﬁlﬂewo@msﬁfohe r])hus
regiﬁ} §€P 1£ Sble conmpound selected fromtriallyl

one ERBAtAte's 2 ppthg I°§ Pffipé%&awem@p@tw@wsagpmé@ ridending (a) a

thenjﬁb | r

oy e ccithet RpRAE( & fabey ot Liabiing 1)«

Phos@bmylﬁﬁ@th@ﬂl@g:ﬂh}: f@mpﬂ«'@sphor us salt having the formla
70 Ma+ O (OnR2 d wherein Mi+ is a nmetal ion or an
onfumion; dis 1, 2, 3, or 4 according to the

identity of Mand its oxjdation §tate; each
occurrence of Rl and R2 ?% i ndependently C1-C18 19 WD
2007/ 044489 PCT/ US OOG/Oi 051 hydrocarbyl; and each
occurrence of M%nd ®-+s Hnde@piténtly 0 or 1; and
(c2) a phosphine gqonpound sel ectefl from
tri hydrocar byl phosphi nes;, )in hydr/ocar byl phosphi ne
oxi des, and conbi nat\j ons" t'fier eof . /The curabl e
conposition conprises a functional dzed pol y(aryl ene
ether). The functionalized poly(aryl ene ether) rray be
No gy ryl ), ti Vi
Wha%}cappgg' g%y gf%fgggﬂﬁé g??IS? i)a}{offun Idnltﬁ%g Gigentity
of Mpaihdy (taloyidahen etategrehich occmencﬂ)bﬁlRéwﬂ eﬁes eﬁdepéﬂdehﬂﬁ i0)-Cig
hdrcr@yls?ﬂgq%oleast one termnal, functional grou
yargr s B S PoRCLPES ML AMLRdS iaNSReneRALeR RBrl; aplrp) o
phosphiier , agempoimadr i deseldciedone eghpdi MRy, (fr&%rlg/l%hosghlges

functionalized poly(arylene ether) conprises
trihygregibaiphosphencapdiiss) andzipimbinations fheravt ta fQ ajntimate blend.

wherein Qis the residuum of a nonohydric, dihydric,

The HarROyHRISH: £ 1y Yusbffil 4nt 0
© S[?eCI fi Caéjrf y 184@9&151’1}, ?Sb%,l Jlgf&éab]lg Ta OfSﬁlOﬂ? omﬂngmﬁ(sa
poly@ylé@e RBe® with polymerizable functionality. Thus, a third category of

embodiments relates to a curable composition, comprising: (a) a functionalized
poly(arylene ether) resin; (b) a curable compound selected from triallyl cyanurate,
triallyl isocyanurate, epoxy resins, bismaleimide resins, bismaleimide triazine resins,
and combinations thereof; and (c) a flame retardant, comprising (cl) a phosphorus salt

having the formula

0
M* | "O—P—(0),R!

(O),R?
d

wherein M*" is a metal ion or an onium ion; dis 1, 2, 3, or 4 according to the identity

of M and its oxidation state; each occurrence of Rl and R? is independently C;-Cig
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m wherein R6 and R8 are each i ndependently sel ected

fromthe group consisting of hydrogen, hal ogen,
wW@eoonaiasodr secondary Cl-Cl2 al kyl, C2-Cl2 al keemyUS2006/039051

C2-C12 al kynyl, Cl1-Cl12 am noal kyl, Ci1-Cl12

hydr oxyal kyl , phenyl, C1-Cl12 hal oal kyl, Ci1-C12

hydr ocar byl oxy, C2- 012 hal ohydr ocar byl oxy wherei n at

hydrpesabyl; tand eaclr boour@hcarsf nsaparrﬁtwuﬁibpenhaltggerbraﬂdand (c2) a
hos ﬁl\égen at ons, A;d the like; R7_and are_each
PhoSPRIRE ) e nd SHFIPUG ect%e&ecft‘?dom t hEO%r oup t‘é‘hﬂ%‘?%@bﬂ hesphines,
tnhyhﬁic@ﬂﬁlpho%g‘i RPEMAEY arkBSMMlRAons therlor2 al kyl, C2- C12

al kenyl Cl2 al Rynyl C1-C12 am noal kyl, Cl1-C12

hydr oxyal kyl ,  phenyl, Cl Cl12 hal oal kyl, Cl1-Ci12
The rﬁ}laeb%% 29ERMositipn  emprises i afuspljeiabized pplygaylonk ectherr)L atThe

i T L

type laf khq:appnd ipelylarylena bthet), aﬁﬂlg—ﬁdﬁdtléﬁaﬂlsecapﬁl@wylﬁﬂe Q!hQie)F or a
1(5 91 fromthe oup .consi sting of Rl4 R15
poly(gryk ?t E&éeslﬁfﬁmpag&g v Agast one eamlw% dhagtipngh group Selected

from%rlﬁkglhélhii&' glydidyl efRbs ‘@3 BRE, ently selected
fromthe group consi’sti ng of’ y rogen, Cl-Cl12 al kyl,
C2-Cl12 al kenyl, C6-Cl18 aryl, C7-Cl18 al kyl -substitut ed

In ogggmbaedrmenty th? yibnefignglizedypety(aayleys , etiG2) Comprises a capped

1 aryl oxycar bonyl, C8-C18
Po yg%ﬁkaf@/&ﬂ{)st [ tllﬁﬁthg%orgﬁoxycar bonyl, C8- C18

aryl substituted al koxycarbonyl, nitrile, fornyl,
carboxyl ate, imdate, aQ@-Kh ocarboxylate; R14-R18 are
each i ndependent |y selected fromthe group consisting

] Cl2,. I and
Wherglrf‘ﬁ %9 et “e“P é’?% “@I}"g yelricy iy a@'f@ﬁy bP‘ng/ﬁb‘/dé’él nhenely yis e
100,téfmeafeeifrmallszmmlsﬂ,ls;@reﬁhds the fdrmhula 119 C C S| , and

m

wherein R® and R® are each independently selected from the group consisting of
hydrogen, halogen, primary or secondary Ci-Cy, alkyl, C-C1 alkenyl, C,-Cis alkynyl,
Ci-Ci2 aminoalkyl, C;-Cjy hydroxyalkyl, phenyl, C;-Ci, haloalkyl, C;-Ci,
hydrocarbyloxy, C,-Ci, halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms, and the like; R’ and R’ are each
independently selected from the group consisting of halogen, primary or secondary
Ci-Cr2 alkyl, C,-Cy» alkenyl, C2-C; alkynyl, C;-Ci» aminoalkyl, C;-Cj,
hydroxyalkyl, phenyl, C;-C;» haloalkyl, C;~Ci» hydrocarbyloxy, Cy-Cyp

halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and
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O 20 wherein R19 and R20 are each i ndependently

sel ected fromthe group consisting of hydrogen and
w@100C024489 kyl . As used herein, the term "hal oabP&yiU52006/039051

i ncl udes al kyl groups substituted with one or nore

hal ogen atons, including partially and fully

hal ogenat ed al kyl groups. In one enbodinent, Qis the
oxygepsiteis,mamlf tha lixeemols,1 ionddoutlDog Hal K fiy ﬁ(ﬁapplﬁgl'gloup selected

phenol s, and i ncl udes radicals of the structure 21 WO

ﬂow@@ﬁwmsmmszooe/ 039051 R6 R7 X O* Rs a n

wherein R6 and R8 are each independently hydrogen,

hal ogen, primary or secondary Cl-Cl12 alkﬁh, Cl-Clg

al kenyl , C1-C12 al kygyl , C1-Cl12 am noal kyT",

hydr oxyal kyl , 2 ar (i ncl udi ng phen

hal oal kyl , i noal kyl, C1-Cl12 hydrotarboxoxy,
I ¢ o hal ohyldr ocarfonoxy erein at—e boR 16
atons  séparate the ien ani™oxygen ato R

like; R7 and are/each independently ha
primary or secondaky Cl-CI2 al kyl, Cl1-Cl2 3
Cl-C12 al kynyl, Cl1-Cl2 anminoal kyl, d-Cl1
hydr oxyal kyl , C6-C12 aryl (including phenyl), Cl-Ci2
hal oal kyl , Cl C12 am noal kyl, C1-C12 hydrocar bonoxy,
wheg'n §1(215h@l @ %/ Qi[{?lh a1 bﬁn Y e%?%ﬁbﬁerﬁ%nﬂ}; ?é?éétecf ﬁ@mct%{e %Pcﬁlp

atons separate e hal ogen an

condistiog; of rhy;lrdgen K)‘/lel@ﬁgeﬂ;yICICZGI& thmhaﬂzy@m <ary1 C7-C18

B el rCrmetibnyme e alid) - MRk g o

arylds;tg@aﬂbbhﬁ %- @188 QlkEﬁ@hbbﬁuﬁéd' hloxyceBbhANYds-C S uallrfypmﬂsnmted
Cl-C12 al kylidene, of other such bridgin 418
alkogw% rw&wﬁge iorrmdi e yéste, Amigatey raéétﬂ@pcqrbomé@m ik~ are

e BRI 0 A BRA IR 30 BBt .

alkyhﬂrydrqmye:&mf ahiny), ahbwheréth) i93 divaleat groupielected from the group
odinment, y=n. Q may be the residuum of a nonohydric
consg B8A. O may al so be the residuum of a di phenol
such as 2,2',6,6'-tetranethyl -4, 4' -di phenol. Q may

o be the reS|duun1of a bi sphenol,, such as
ré2 bIS(4 hYﬁw ﬁyphenyl( ||65)ane ( bf heno
A \ and
0

wherein R" and R* are each independently selected from the group consisting of

hydrogen and C;-Cj; alkyl. As used herein, the term ‘“haloalkyl” includes alkyl

groups substituted with one or more halogen atoms, including partially and fully
halogenated alkyl groups.

In one embodiment, Q is the residuum of a phenol, including polyfunctional phenols,

and includes radicals of the structure
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In one enbodi nent, the capped poly(arylene ether) is
produced by capping a poly(arylene ether) consisting

wez®enid4sd |y of the polymerization product of BECT/USMEE/039051

one nonohydric phenol having the structure 22 WO
2007/ 044489 PCT/ US2006/ 039051 R6 R7T HOH Rs 9
wherein R6 and R8 are each independently hydrogen,

hal ogen, primary or_secondar Cl1-(12 al kyl, Ci1-Cl12
al kenyl, C1-C12 al kyqyl, Cl1;€12 am noal kyl, C1-C12
hydr oxyal kyl ,  C6; (i ncl udf ng phenyl), C1-C12
hal oal kyl , Cl-Cl12 Cl-CL2 hydrocar bonoxy,
Cl- C12 hal ohydroc Rerein at | east two carbon
atons separ at eXtfie % nd-@xygé&n atons, or the
i ke; and R7 and i ndependent |y hal ogen,
primary or second Z—C1R® al kyl,| C1-Cl12 al kenyl,
Cl-Cl2 alkynyl, €l-€12 amiYoal kyl| C1-C12

hydr oxyal kyl , " C6- C1R®aryl (iRcl udi hg phenyl), C1- C12
hal oal kyl , Cl- C12 “ami noal kyl, Cl1- Cl hydr ocar bonoxy,
G -C12 halohydrocarbonoxy mhereln at | east two carbon

wheIDRE a8€ Rt eadthdbidnagery H‘ﬂﬂo AxX Mﬂ@?e@tﬁiﬁry QF stddfdary
I|H§]|SU|table nonohydri c eno s incfude those
Y-

Ci-Gae fett1p AlkenylsCr-Pag dlqyn 1“@123'0611@1155’11 ©1-Bap/hydaorgyalkyl,

CoCJh QAN BT A POl P EC" HRRAIALD GG anfinostind, CrCo

hydrpcﬂrlyc(rmmyJ éth@tHMI)ydmyrbbﬁow vdepsh yareleasif tvad dagh@at atoms

ot 0T o R S0 % RSkt e
halo @@, piiadayy @ﬁ@e&hhé}l'y)clcg[gpﬂkﬁe@ 4—;12 aﬁ&ﬁ 1, %@19%99 01—012

roug having the structure

amingakky b Gu-Reo- MEOWEWéa@hCm%bémdbldtﬂgyphﬂyl@})oQfeme Galoatksl,
b t
Cr- Y HRTANGE, 615 €5 bdocdMAoRE SR USRS bndy e o

leasta@o carbon atoms separate the halogen and oxygen atoms, or the like; X may be

hydrogen, C;-Cyg hydrocarbyl, or C;-Cis hydrocarbyl containing a substituent such as
carboxylic acid, aldehyde, alcohol, amino radicals, or the like; X also may be sulfur,
sulfonyl, sulfuryl, oxygen, C;-Cy, alkylidene, or other such bridging group having a
valence of 2 or greater to result in various bis- or higher polyphenols; y and n are each
independently 1 to about 100, preferably 1 to 3, and more preferably about 1 to 2; in a
preferred embodiment, y=n. Q may be the residuum of a monohydric phenol. Q may
also be the residuum of a diphenol, such as 2,2°,6,6’-tetramethyl-4,4’-diphenol. Q
may also be the residuum of a bisphenol, such as 2,2-bis(4-hydroxyphenyl)propane
("bisphenol A" or "BPA").

In one embodiment, the capped poly(arylene ether) is produced by capping a

poly(arylene ether) consisting essentially of the polymerization product of at least one

monohydric phenol having the structure
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WD 2007/ 044489 PCT/ US2006/ 039051 Iike; R9-R13 are
each independently hydrogen, hal ogen, Cl-Cl2 al kyl,
wWhyaroxg am no, or the |ike. Hi ghly preferredPCHPSINEg039051

groups include acrylate (R11=R12=R13=hydrogen) and

met hacryl ate (Rll=nethyl, R12=R13=hydrogen). It wll

be understood that the prefix "(meth)acryl-" neans

either "acryl-" "t hacryl ®7. I n one enbodi nent,

t he capped poly(arylen- et her/)) corresponds to the

structure above whereiyy—QIis the residuum of a

di hydri c phenol, and y is 2. For exanpl e, the capped

pol y(aryl ene ethq; conprhse ayi capped

pol y(aryl ene et her) ha |ng E,e structurer QL Q2 @ Q
, ACH2 RIR Q@ @ Q@ X

sel ected from hydrogeys, g primary or secondary
Cl Cl2 al kyl, C2-C12 al kenyl, C3-C17 al kenyl al kyl ,
Cl2 alkynyl C3-C12 alkynylalkyl Cl1-C12
Whe@iﬁ Ro@mﬂ()ﬂ af@%@l@%gﬂlhdﬂbah@bgenp hellogd:n, prima} 2r secondary

CrCRERRR BFCon PRSAG PRAERN o % iaethont . Caf oot

Ce- cs@payat(momengla;bmyn andCeX HARALIRA, Or@*cl\éh%ﬁl%déuﬁ,]? -

occurrence of IS |ndependently sel ected f

hydrpcarbnoxy, &41%r1%}11<8wd§0@é gewyy V(ierin 2ataleRsl twccz>a®1m atoms

ot AL 6 5 B -

1nde}pﬂmén1§:1ltly hﬁmjgmaarimw,mairkgeboncﬁity CSL-ZJ@WHK}QFEEJQ%H t@ﬂéén}élg%o(%lg :
al 0 r east .two

ol Gt Rt RETatatitodhd Cotyoum Grchgneatem. O

C1, OChalpaleyice €f-dR' Iaﬁnhcb‘&lﬁ@;ﬂend@ dy hlﬁ%%@ﬁ%o% 8/”‘9 %Cu

each occurrence of x is inde ently 1 to
halol3ycfacagbgpry, whgrRin it Hagst Awo sarborL atomss stpsrtie dhd holvg&P 2nd

oxyggg%tonlxé, ot khd 1ikd. Suitdb1® monNIlydnc &enolss 1n&%dc those described in
U.S. Patent No. 3,306,875 to Hay, and highly preferred monohydric phenols include

2,6-dimethylphenol and 2,3,6-trimethylphenol. The poly(arylene ether) may be a
copolymer of at least two monohydric phenols, such as 2,6-dimethylphenol and 2,3,6-
trimethylphenol.

In one embodiment, the capped poly(arylene ether) comprises at least one capping

group having the structure

wherein R'-R® are each independently hydrogen, C;-Cis hydrocarbyl, C,-Cisg
hydrocarbyloxycarbonyl, nitrile, formyl, carboxylate, imidate, thiocarboxylate, or the
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11 124 24 WD 2007/ 044489 PCT/ US2006/ 039051 wherein
each occurrence of R22, R23, and R24 is independently

W@ edogosasd f rom hydrogen and Cl-Cl2 hydrocar byPCT/TRm®n€039051

is no particular limtation on the nethod by which the
capped poly(arylene ether) is prepared. The capped
poly(aryl ene ether) may be fornmed by the reaction of

like: AP -RFCaB REGH RA¢PLhaéntlyaRarddeh eﬁal%gmt b,-& £ arpi, ﬂgdr@ﬁ?,rbﬁmno
Cappln agents i nclude conpounds known in th

or |iheer dkar e t oHighdict Ripforrephesannies gr SOPRS suélﬁde acrylate

Oty s A A e T

be uafaxtpod dﬁt tepadies “(ﬁ&thaacry] ’Sﬁreyﬂmaﬂxer “z(cy;dntadré‘nmltaeryl-”o r
al kyl halide radicals. Capping agents are not limted

oS g SRR, 5 L DXL € RROSRROL S 8o

wheFefR tPlsafe Rdsid@RPOMNOdIAYEN Phdrdg | Aud s is of (P'or %apleLihe capped
acetic anhydride, succinic anhydride, maleic

polyéariilede eider) neayl dompirise a dinanpest palE(arypesioetr shayingthp siredtvig
salicylate units, honopol yesters of salicylic acid,
acrylic 3 hydride, s [ glyci dyl

ori de,

5

0]

'soHyanate,

—C

pé‘”é)@::cx{2
| 1

chl or 8 e,
car bonat ¢_and substlt te N and
m xtures thereof. These and other methods of ¥orn1ng
capped poly(arylene ether)s are described, for
exanple, in U S Patent Nos. 3,375,228 to Holoch et

Whe%m éegéli %&rﬁge Té)@ O(goﬁsﬁlﬁsﬁeingégg? getelg&e;t% ﬁgalnﬁ ﬁ§d16§&1 halo gen

prm&rmm s@endgy 3@14C@O@ik§’bn@2-§1812ﬂ)k®2b %szelall@gﬂﬁlkéfi Cz Crz

ol Sy S o RS R
haldamyar €,-6Y%, Bjdrodurbyippy, r@dc@i—ﬁ]ly halohydto&mbﬁnw owheckin at least
woiSehiet] 1.5L en, icoppcs BolY(d epe oLl i

Q' nﬂ%eﬁ&nﬁp %eleétéd ﬁ%ﬁlaﬁal@ge% ﬁﬁﬁh@ﬂj & s‘éf:orﬁi@f}adjb@'lzneﬂkyl Co-Cra

condénsati on of p enols wt

ng "agent s
alkemg G Beerhlliolabiy b Se il alkmybs Cal's AkmyblislComsstinekyl
Cl-blz%}yd%xnﬁlkyi hengf(la@ (912 h%?oa'llgyl C1-C1» hydrocarbyloxy, and Cy-Ciy

halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and

oxygen atoms; each occurrence of R? is independently hydrogen or methyl; each
occurrence of x is independently 1 to about 100; z is 0 or 1; and Y has a structure

selected from

o
£

O—0
O—w
n=—=—=0

O—wn2
R
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conmpound hydroxi de salts such as sodi um hydroxi de,
pot assi um hydroxi de, 25 WD 2007/044489
weanEa806/ 039051 tetraal kyl anunoni um hydr oxPCEES20861039051
the like; tertiary al kylam nes such as tributyl
amne, triethylamne, diinethylbenzylanine,
di met hyl butyl ai nine and the like; tertiary m xed
al kyl -aryl ami nes and substituted derivatives thereof
such as N, N-di met hyl ani I'i ne; heterocyclic am nes such

dazoles oy} zﬁes nd . subs te riva
whe er coro SUER Sﬁ? m‘i{ d&i&ﬁ%"m CDJ ﬁelctﬁg f‘ rOgen
and €44} hsadrbydrbyti no) pyr i d| ne 4-(1-pyrroli _no) pyri di ne,
4-(1- piperidino)pyridine 2-vi nyl pyridi ne,
3-vi nyl r|d|ne vinyl pyridine, and the like. Also

Thergsistry patigulap, #l@&%ﬁ%t%ﬂ 1h|%cm§tapfi dyswhishabe chppedenclyifordene
etheF)' i9 p?é]ﬂre%i' n?hes@ipbéd g&ggﬂl}é 1E% &ﬁéﬁl aélebet f&)‘f‘me(? 8? (#l%]l?é %ﬁo%nof

, for exanp tes or te es
an gwemﬂdspolmrﬁmm I&éler)ewl[thda mappmgt@nf ur(CetppmgahgeZm include

- f | d
comBtbRIFENE € HErAm SR ST bt ok Sob cargounds
inclutii b6thotndnbfefso A Rlyrhes Céd%.tdinlng>4‘ér Egi%:tl)llf:"\k&ﬁﬁﬁﬂae acid

each L1-L4 js independently hydrogen,

chlogflg,lﬁpoxaﬂcadb(p(t@,tpy |estegy rigegyanase, gﬁn@tp lepteyi| orgztlb]dphahdh ea@pzﬂs

/
Cap IBE mg‘l“er{rfg%%lnogfn%;t@% Fiogﬁglgé%glﬁlgéﬁxsqs%hﬁbg exanépl%e é)llfl ﬁ@}oﬁ% and
sulﬁarhasal capping dgent, alQ), amrmdudeﬁh eEgarfiplet be c@ﬂfiﬁ)gﬂa/éenﬁkflﬁdﬂde

d,b ' 6 V‘D 2007/ 044489
for (sEahiRn G0 F0BRE dentaieints By ridey dPgien sk sabgyti
I , 4 [
anh}ﬁhgg f;r%l gg rdgglrllotﬁsltn% sgﬁg;&?te Lﬁﬁtrsfo hgﬁgg?l‘gg‘sﬁ%rg s@ﬁéey‘fitc acid,

acry}l%taahychldeL mgibaorylioy anhtygride, glryeldwl ragtlylaft@ nglwldﬂameﬁmdrylate
k [ oups.
scetfl0 RGHETC BROR) Ahforf PTULRAG O BHEURK L0

di(4ingtasptheaydpatbodate, nmrﬁopler@&mi,, rﬁ@thﬁ:rjdbﬂf edstdd, Y addtyl esters,
al kenyl and/ or al kynyl

Phelgfgwgna%\ué E?OWOPE*%H e%(hp G tgy}aléenyilgocyanate cyanatobenzene, 2,2-
bis(4-cyanatophenyl)propane), 3-(alpha-chloromethyl)styrene, 4-(alpha-

chloromethyl)styrene, allyl bromide, and the like, qarbonate and substituted
derivatives thereof, and mixtures thereof. These and other methods of forming capped
poly(arylene ether)s are described, for example, in U.S. Patent Nos. 3,375,228 to
Holoch et al.; 4,148,843 to Goossens; 4,562,243, 4,663,402, 4,665,137, and 5,091,480
to Percec et al.; 5,071,922, 5,079,268, 5,304,600, and 5,310,820 to Nelissen et al.;
5,338,796 to Vianello et al.; 6,627,704 B2 ito Yeager et al.; and European Patent No.
261,574 B1 to Peters et al.

A capping catalyst may be employed in the reaction of an uncapped poly(arylene
ether) with an anhydride. Examples of such compounds include those known to the
art that are capable of catalyzing condensation of phenols with the capping agents
described above. Useful materials are basic compounds including, for example, basic

compound hydroxide salts such as sodium hydroxide, potassium hydroxide,
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may be preferred to have up to about 15 nol e percent,

nore preferably up to about 10 nole percent, alkenyl
w@e7044489 kynyl groups. The ring-functional i zeRPICT/US2006/039051

pol y(aryl ene ether) of this enbodi nent may be

prepared according to known nethods. For exanple, an

unfunctionalized poly(aryl ene ether) such as

tetraBIydalrdn Sirigkh "By idds, 4nd RRE mﬂeke&@uﬁy heleslariiigs BEch as tributyl

metal lized with a reagent such as butyl 1ithium and

amirgy m@qxl@lmney dimeilalbenzylaring minapthetbytqutamp @ad dhechke dertiary
| d/
T B e R e

NNahmp&Mahﬂm ofieterongplict wndhdsorsath zad mnﬂgz(omsyl eyelines, and
re3|ns are described, for exa

he
subspiiahi dert ivep oisregdo syeh ekt BT, , Ly hpidazole
4-(ABRRRA LB pyridi®, T | NG- (ﬁ%ll%@&ﬁ&lﬁg po'ﬂ&laﬁﬁﬂe&ﬂﬁo)pyndme

ether) i1s the pr oduct reaction
-le}dpxm@chnggl Ervinydhishine, ahdlinglpysiding, Lanéather bked A@bumt\tl are
3- hydr ox rbo nd.
ore GPTRAHE S ol &Pt Sxritley R 0 nC B MR, (R BT e
conddhsdtidh&f, 0B ELingplaibytythes, orCyhndte extdre vsaﬂhtphdna)lde, and
the i ke. Exanples of (3- hydroxy car bonyl conpounds
| ude, for exanple, .citri a and like. Such
{ iegihariimenti gt Fo fusictigpalized | rg? at.‘/hnedet%%ts qoyPRTsPE 2 Ting-
fundﬁbﬁél%d?ybﬁf(zﬁ'?ﬂeﬁé ath¥) @B tpnﬁhE S&peatthd frichRaldBsts b€ the formula
car bonyl conpound at a enperature of about 190 to
about 290C. In one enbodi nent, the functionalized
pol y(aryl ene ether|) resin conprise§ at | east one
termnal functiong Igroup seCegt&d |from carboxylic
acid, glycidyl eth and anhydri de.
These particul ar f y(aryl ene et her)
resins are particf conmbi nation with
epoxy resins. A —preparing a
pol y(aryl ene ether ed with term na
carboxylic acid gr d in, for exanple,
Eur opean Patent No. Peters et al.
A ycidyl ether-fun cEionaI|z=u ,Polty((aryl ene ether)
resins ‘and net hodsLfor their prepaLation are
described for exanple, in U S. Patent Nos. 6, 794, 481
and 6,835,785 to_ Ishii_et al an
whegoig ea@gtlentu Awqeestdeaﬂy Brageaq # -, Alsgoaoupesn ghenyl
gﬁg%, ki wa.
gmﬁ’ o a&én%gﬂptyf }%ﬁéﬁﬁ% Pé%gg?fli %ﬁ%@gﬁ%ﬁ resins
and nethods for there preparation are described, for
exanple, in U S. Statutory Inventildn Registration No.
H521 to Fan. Ahhyd[Lee-fghctioqerﬁzed pol y(aryl ene

ether) resins and et hdbg for— N
a

o

wherein L’-L’ are independently hydrogen or methyl, and a is 0, 1, 2, 3, or 4; wherein

the alkynyl group is represented by

—(cm)—czc———ﬁ‘
b
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their preparation are described, for exanple, in

Eur opean Patent No. 261,574 Bl to Peters et al., and
wal@7/0Pasent Application Publication No. 2004/PRBB8HA6/039051

Al to Ohno et al. There is no particular limtation on

t he nol ecul ar weight or intrinsic viscosity of the

functlonallzed pol y(aryl ene ether). In one enbodi nent,
wherpig I Ui bydroged, inzeshly], pot¢thylapyd Brie,el, PeB) or €sdnd \hl@éirelﬁrabout

IR NI R TR R T -

funetvinalifddop Tty (aliflédd Bthbrl)l dre lAA0G91 aﬁcU@r bR 1NSoGips. W thin thls
viscosity may be at |east about 06 dL/g, o ]I ea

ranggy # aynbe piglorigd tahgve of lepst rabw-‘nQ:,l mOémmicellthaoremrcfer@ilscat

{ L/ to about
e D HolTBels U AR08, s, 5 MRt RO, i
may it priefested tov hawmgx m;aboﬁt 2 ]fnUR:Qiel'@ﬁﬁ Imte @rd@éijabﬂ@aij)ycb ab&ut 10
eth%%3 I ] gﬁyg}grfrcantl fromtherntrrnsrc
mOIG e Fvg'\}‘@ar/ % pBAISH g The, mipgriBrgtivnalizederply(arylene
ethe@Plo¥ (tBis YerEhRlifbMe ihy ‘t%o%i:é fcnteﬁaa&% ié‘ % 'Hi‘ﬁ)(vhn eﬁmii For

VI SCOSI ty of a functionalized ary ene e
exagple, @eh@ﬁlartro}labeedmpphr(mlm%qﬁﬁer) rsach ors pdija(z 6- d1methy1 1,4-

phefg%igliﬂag %ﬁllelg nl%lail Zo%dm% a]lll¥7§7% %gﬁgag r%{;glgr?tr %u ods lnsqt%)épflt%

sub:f.eqnelttly(m@dteck e/@thpml alkeyy helhid aiches afyhBiiige Qﬁé/fnea@ Bl'kynyl
ul ar wei ght nd intrinsic viscosities.

hahgo i I?TBHafﬁglybfeaﬂ% dhiszng) ether methads fmsag@parmn of ring-

flmcftié)ﬂﬁﬁie@r}ﬁ)'l}b rﬁ/ijene Q. éé)aEéé dﬁn?f: %‘ég@fb@i fo§ an E LU, ?B%atent

be prepare rom i ndivi y prepare i sola
No. th 231938 taKiategosepaslaly (ar yl ene et hers). Al ternatively,
such bl ends may be prepared by reacting a single
( e t nal i | ng
i o At o Mgl 5 i B, S s o duckbe
the meianstaembn/\bﬁ & pdiyaryleap piheg a@@%ﬁ%@ﬁ-uﬁﬁaﬁ@a&ﬁ'cﬁﬁ%ﬁﬂ &Mpound

or HQE‘% may be tallized and reacted with two
IS UPRX e‘ﬁ‘ﬂéﬂnpn(ﬁl %mwgmégen‘@%amn s affotsEpngturated acathenyl
compbud¥ iéhRleOfor 8karhFRShaleWantl ?‘p I4 fib&he %@;}}aﬁﬁé %ﬁﬁ%ﬁ{ﬁke

avrg? di fferent nohoner cofpositlons a ecu
Examlesy &hM@yXbembedeedmmumb1adsd@gbea&mnﬂ¢Kmnahmﬂrm@dﬂw

1o & a curable conppositi ere
e, R80T SRR R Diiry By % Gt Feloies g agihders ene
ether@ obift{ dreydesired etdbonyl @mpbuhtl g -of ﬂéﬂﬁ)‘éfaﬂﬁ@'df Z®ut 190 to about

ol y(arylene ether); and wherein the curable conpound
ZWPEé selected fromtriallyl cyanurate, triallyl
i socyanurate, bisnaleimde resins, bismaleimnde

. . t
I ot Bl B 5B BB R R i b Sl Bbteet ane
termimal functipual eouphseléatett fioan edrbaadicneid) (ddyeidse nehee! i) ethbr,
and aellﬁhydride. These particular functionalized poly(arylene ether) resins are

particularly useful in combination with epoxy resins. A suitable method for preparing
a poly(arylene ether) resin substituted with terminal carboxylic acid groups is
described in, for example, European Patent No. 261,574 B1 to Peters et al. Glycidyl
ether-functionalized poly(arylene ether) resins and methods for their preparation are
described, for example, in U.S. Patent Nos. 6,794,481 to Amagai et al. and 6,835,785
to Ishii et al., and U.S. Patent Application Publication No. 2004/0265595 A1l to
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anmount of about 5 to about 80 parts by weight of the
functionalized poly(arylene ether), based on 100
w@anrs443y9 wei ght total of the functionalized PCT/US2006/039051

pol y(aryl ene ether), the curable conpound, and the

flame retardant. Wthin this range, the functionalized

pol y(aryl ene ether) anmount nmay be at | east about 10

Tokip\alr t&’iqyb Bthﬁef@bhonablzethpolymlbna bthut)' residambiethody for there

thin this ran%a§tthe functionalized

prepBBHid i FERa ek 18t FamiipUALL ey b oI B iBoReEisEition No.
H52Pab FanbYAMBIdSAE-fuRfioHRided fRAtHy1@ é?l?err} Poshhl MR ﬂgtthogs for

The curabl e conposition conprises a curable conpoun
theirspreparatien frecteserttied) fcylexampiamuun &ueqpean Patehiy No. 261 ,574 Bl to

pecl R PLE PP RS AR O 3L 1 O
et alcombi nati ons thereof. These curable conpounds and

nmet hods for their preparation are known in the art,

and many. exa es, are rcially available. The
Therd 1§ 45 PRSI QEFIL IO OHeS SUNRH-I2E Ve qpiBble VissoRfoohthe
funch@naﬁ@e@”ﬁé’l@ arﬁgnéib@diiér) 20 §p ﬁ@%nl%ﬁb Ql{tt Stth fﬁ\f?dtgmlﬁed

of the cura conpound, based on 1 ts by wel
polytasyleme ether) h@slrf h«"nscml mnalsuzwdcqsdmv@ abquté)ma“s toea;bbet() 6 d:ebﬂhter

cura Wthin this
per Bl RT3 ot GelAes b iy 5ot ‘g dpinsic

viscadRQ Whay3hh RAE4sS abbt ‘OQJ6QJL/ & &rat @éasi ﬁﬁ‘)%% 0 qtﬁl‘ﬁ% é@sooﬁftﬁlﬁ this

by weight. Also within this range, the cur
range, dhp HuEsia visaemityragy breupty awuaBSudL/g98 ypeiotabobt/0.4 dL/g, or

up tc%’\%dothEe)B f(ﬁ% ;t?%{ﬁ%lu?’z tmt%g %rstcﬁs‘égfyof\éﬁﬁlggbon@lé dfp%i%ary?ene

ethelt) h‘&llb waeyb hreslgmﬂ‘mntlyl dfromt tlne oyl @iseodyost thdRorresponding
S ‘?dz FZ ]I[E et ardant  _descri bed above. The

un F‘F PRPEEREn St % prasgficall tzlilﬁ WM ascosiboaf a

flmctloﬂa‘l’iz&b %ﬁy(él@rleﬁ@rétﬁerﬁ’ywﬂﬁ' ggﬁ'ér ll§3 9{2 1599 o?afhtdts oVthe

wei ght total "of the unctlona |ze arylen
unﬁl@@tmakzedtméy(wi@b lether)c dhiseupssiz nohtemplafddamemploy blends of

at 165§tt@srod%%tlor}ég daE)o ygaggslﬁrrug%gﬁps tfg%é]fgr ? ¢ ar%ﬁ?ar \6?1ghts

and a’ttnhsﬂaS/ﬁscahﬁeﬁ The pahiposition\Wab g f&bmpﬂk@@ bIwhd lif ht tl@ds? two
the flame retardant anpunt may be %ﬁ to about

functg@lagg?q golygﬂr%@pegﬁpers onBcheblsadn makbeipsenared, framl iadividually
prep;ﬁ‘é&'ﬁﬁ& idol R ﬁﬁﬁg?ﬂdléé&‘ Fa?grleﬁ‘e gt‘ﬂgﬂgd ﬁ’tlg Eﬁ%ﬁyf ﬁfgﬁ blends

ether) resin a cu e’ conmpoun
may t b¢ airbydred yinueastiog 4 rsmglleypoly(assydexyearwhea) eyith at least two
sins. bismal i.azi ne resi nd

func RPN S "ER R p® ARy Ione eltgha e berera wich tvo

cappl@igents, 0 L poROEPEBAS YheBalhday hﬁVhﬁﬂllﬁz*éﬁ der Bk Rd 2%V Rvo
2007/ 044489 PCT S2006/ 039051

unsaturated alkylating agents. In another alternatlve a mixture of at least two

poly(arylene ether) resins having different monomer compositions and/or molecular

weights may be reacted with a single functionalizing agent.

One embodiment is a curable composition wherein the functionalized poly(arylene
ether) is a capped poly(arylene ether) or a ring-functionalized poly(arylene ether); and
wherein the curable compound is selected from triallyl cyanurate, triallyl isocyanurate,

bismaleimide resins, bismaleimide triazine resins, and combinations thereof,
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Mi+ (O_P_ (OnRl) R2 ( )n d wherein Mi+ is Al3+;

occurrence of Rl and R2 is independently Cl1-C6
whyaroeasbyl ; and each occurrence of m and n PGI/0S20861639051

a trihydrocarbyl phosphi ne oxi de having the structure

O 11 R3- P R4 15 wherein R3-R5 are each independently

C3-Cl12 hydrocarbyl. Another enbodinent is a curable

The %Qfﬁbibsbdmﬁfkmdipﬁ‘ﬁﬂflc%hﬁbﬁse (@) fudcliomilind@pblylaylene emiped an
pol y(2, 6-di net hyl -1, 4- phenyl ene et her) resin;

b
amopnt @i pYqut c%/%ab%ﬁteSO aarfSr bruivgght qfsthe wyoaﬁlézedgwglﬁ(arylene
ethe@oﬂg%@ 3h1166 pﬁlﬁ??}f o1 ?{b?asl %g}léetafﬁfl{:t?c?ﬁhi t lﬂ%;%ene é:ther), the

I SI ng nospnina
curabhzoamimmmdp Andl¢hes ﬁbmetretzirdant) mWithinpthényangéothp Hunaionalized

oo S B R bBAPER 8.l 5 g i alest abut

20 (R¥ts A8, weipdt. C R R)@ihh@ 'ﬂﬁs trmg"eeqie fu'ﬁhﬁoﬁaﬁ%@d‘ bB{arylene ether)
i ncl udes parti al cure conposi tions

amogmraamb@iumv ahout ﬁépartséoy weie pleulttsmb@m 20 pats bouw¢iely.

may be effected by methods known in the art, including
t d e
The g%ﬁﬁ[go%%des%ﬂ)gal ﬁ'lgn?é’s W ELF{EME e@o&?ﬁ seq St%d‘%'qu tgfa lyl
cyararite, ctreaetlyt asmdnﬁrm@meph;ey aediad| 1ﬁsma]|aspmslet1resuns Bisataleimide
. articles f ormed. usi.n her p ss n
e RSES ARH U, PR GOEP A fhaﬁeﬂgn T Puighinrgrapounds and
metl‘i&ﬁ' fort ﬂﬁﬁs&)ﬁ‘é affRiofli BQ: kﬁ(ﬂ%@tmmed 'aﬂg anBUH&nﬂDéﬂhﬂﬂes are
pul trusi on; |nJect|on mol di ng, including reaction

comimerciaiy cwaikadileli ng T@Rl Wrablet eamepsisione meye serpise sl ¢hragle
com% rP(? in %gsarﬁ(ﬂl%’t \{1!26] g? a% i bg ;{%?Jo b%ﬁgvefgﬁ}gi Eghc\al\é:%lrable

ng “open s g cas ani n i NC
com@butdi Yoak@l ot Pl (N Partd b yiwdight ﬂora.l ol the ﬂlﬂaiolndbz:édapdy(arylene

ethe%r ac?ytéablggtlﬁgiaggrgip 5515 | udtiﬁrx}fg?grc qlﬂg'qg LI C]ﬂﬁ'n %I%Stra‘a}%te the curable
com%gﬁgd Qﬂé\ﬁﬁ?n%ﬁé éﬁ%@%&l@gg ?ﬂl’ts YRG5t S $aSiChboRB kit parts

ransft er and chem c assisted resin
by waights fAdso withiti wln@ range elmacrurdale:gmppsmtdearmsmt majyrtfeuspi forabout

90 p'vl%]g{/ %vcegg k Ior}%pPr oﬁou%%b grtg P?y we{\"ﬁl open

In addition to the functionalized poly(arylene ether) resin and the curable compound,
the curable composition comprises the flame retardant described above. The flame
retardant may be present in an amount of about 1 to about 40 parts by weight, based
on 100 parts by weight total of the functionalized poly(arylene ether), the curable
compound, and the flame retardant. Within this range, the flame retardant amount
may be at least about 10 parts by weight, or at least about 15 parts by weight. Also

within this range, the flame retardant amount may be up to about 30 parts by weight.

One embodiment is a curable composition, comprising: (a) a capped poly(arylene
ether) resin; (b) a curable compound selected from triallyl cyanurate, triallyl
isocyanurate, bismaleimide resins, bismaleimide triazine resins, and combinations

thereof; and (c) a flame retardant, comprising a phosphorus salt having the formula
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nmol di ng, continuous conbi nation of resin and gl ass;
and filanment winding, including cylindrical filanent

wowediongsd The i nvention further includes methoPST/0§2006/039051

preparing the curable conposition. Thus, one
enbodi nent is a nethod of preparing a curable
conposition, conprising: blending (a) a
functionalized poly(anyl ene ether)\resin; (b) a
curabl e conpound selfctedyfromtriyallyl cyanurate,
triallyl isocyanuratg¢, epoxy resins) bismaleinde
resins, bismaleinjdel triaziine resing, and conbinations
thereof: and (cM3a f] e _T_ﬁgbﬂ$ conprising (cl) a
phosphorus salt havihg the|lfornul a Mat+t -O Il (O nRl
(OnR2 d wherein MIK is yRPal ioh or an oniumion
dis 1, 2, 3, or 4 acsording to th didentity of M and
its oxidation state; each occurrence of RL and R2 is
i ndependent|y C1-C18 hydrocarbyl; and each occurrence
whegfn MfapdAR*: icscuridepentéaid R* 1ﬁcﬂepkhdéi1lﬂ§* @9 hy@rocarbyl; and
phosphi ne conpound sel ected fro
eacht PGCHFERGSCHr By pish BsisH? g, 2 tmhxdrﬂfamy&&%@h% §%1sksi ping the
sﬁuﬁﬁ?des and conbi nations thereof; to forman intimte
. The invention is further illustrated by the
follow ng non-limting exanpl es. EXAMPLES 1-4,
COVPARATI VE EXAMPLES 1-7 These exanpl es and

conparative exanples illugdirate the flanme retardant
synergy of a phosphog @nd a phosphi ne conpound
according to the invention. Al conpositions included

47.5 parts by weight triallsyl isocyanurate ("TAIL"),
obtai ned from Degussa Corporation; 27.2 parts by
wei ght of a methacryl ate-capped pol y(2, 6-

whefbitRE-RY lard saéh pliRpMiRARY €L1T81 hydroddbyPPE") having an
intrinsic VISCOSIty of 0.12 dL/g, ©prepared accordlng

" to tggwnethod of U S Patent No. 6,384,176 to, Br

Anogier npaameps i oEBRIECePRRSSI BT FRRPOBAEC 6081 agn ate-

cap;%% gtoﬁl(ﬁ)ﬁ -MBEGYL-1 9t I&hﬁ%ﬁe Eth@ﬁ &eslﬁ‘?\(brg tiéal Q) @RluLlte, Of tnalAIfyl

t T4 mcronmeters and niti I engt h” of about
isocmﬂuratmeme ras ,coomrmtlnedtlasaoatg 2nd 4C) fa dinr@vern@rcta@m qognprising

e, BTGP FAD 8 Lo, B CHARE, 18R B
tripHeRyIphékphine ©ORIGRAT allylu@hbnsdphdlsising - dxidentdaligshenylphosphine
ox1<ilent%1r211€1§}1%|hgs%h1ne oxide, and combinations thereof.

The invention includes partially and fully cured compositions obtained on curing the
curable composition. Curing may be effected by methods known in the art, including
thermal curing (with or without an added curing agent) and photochemical cuﬁng.
The invention also includes articles formed from the curable composition. Such
articles can be formed using thermoset processing methods known in the art including,
for example, resin transfer molding; sheet molding; bulk molding; pultrusion;
injection molding, including reaction injection molding (RIM); atmospheric pressure
moldiﬁg (APM); casting, including centrifugal and static casting open mold casting;
lamination including wet or dry lay up and spray lay up; also included are contact

molding, including cylindrical contact molding; compression molding; including
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amounts of alum numtris(diethyl phosphinate)

("Al (OPEt2)3"), obtained as OP930 from d ari ant.
w@pasasd ve Exanpl es 5-7 contai ned i ncreasi ngPEROS2INE 039051

of allyldi phenyl phosphi ne oxi de ("ADPPO'), obtained

as from Sigma-Al drich. Exanples 1-4 contained varying

anounts of both alum numtris(diethyl phosphinate) and

vaciinl ¥dstbtddhresiy tphasiniioien ad ddgenialp lagdiged ﬁHsﬁitkzéHsfe@ Afolding;
are given in Table 1, wth conponent anpun

Seerggiyp e@@@ﬁoﬁﬂﬁ Resin sinfisicne Manufachiing. Prasessine (SCRIMP) open

SRS RSB ARAY R e R BB paing

cylidrical filpmentswingdangur at e and t-butyl catechol until the
poI y(aryl ene et her) was di ssol ved. Next the alum num

e S5} S B e W oy PAPTR o RO s,

one t@nmRliRtar & at m%@r085@ pI&REnE he @W%@nﬁbﬁﬁﬁnf lcb@brising:
was added and mj xed while nmaintaini ng e tenperature

blengingg(n) o dunqtionalized pola(apdprs eleressina dée &t car@h eqgPBReynd

T u o e y

seleéﬂ:rg ggo %rt?ilﬁl%%l Fﬁa?gﬁéé Zg%ﬂ?n Hog tuié&ég eﬂ&g 1n9 bismaleimide

resins, 3)1Stﬂfﬂe1m141¢ itrietine gedii) ami hembinatiOns tiednesS;, >anﬂ 0325a ﬂame
nches ch,was preheat 00C and pl aced

retafdfft Forbn e ) B BSPUPLE o8 BB HE PR ¢ ne
tenperature was increased in steps: one hour at 110C,
two hours at 125C, ompe hour at 160C, and ten m nutes
at 175C. The oven wgs turged of f and the nold allowed
to cool to ambient fenperjature ovetnight. The cured
pl aque was remygd [ fromihe % % nd cut into test
articles havingdi Tons 12 I]i meters x 12.7
millimeters x 3.175\mllipeters (5/inches x 0.5 inches
x 0.125 inches) using a (0),B? cutting saw which had a
di anond cutting bl ads. The flane fgtardancy of test
articles was determ ned according to Underwiter's
Laboratory UL 94 test procedure. For a V-0 rating, no

whetetil M duainetal ion ¢d amesnifimaon;tchis 1f 2 Storalr acgemmgitoftha it&nuty

or AR R Ty SRR 10, SECAS Sl L1

hydi®e&8d aind 2aeh Scbrdd@é rGh eRd i iddepddentdy B @1‘3? Qﬁd (c2) a
cotton gauze situated bel ow the specinen are not

phogphingwed. dowoand/- 1 r seleeted no frai vi duaihydneearbyliphesphines,

flanme at i an, e
iy g i sitiie o, 3RS Bttyna R RO, Ebop A TRm S G
2007/ 044489 PCT/ US2006/ 039051 five speci rrens may not
The éxeation RF0rtberdbhmdimieddrydthe followiag horcliattindedaniplesl t e a
pi ece of cotton gauze situated bel ow the specinen are

Ex AP 25 O oMENR AV R ES AN PEES 1%

These examples and comparative examples illustrate the flame retardant synergy of a
phosphorus salt and a phosphine compound according to the invention. All
compositions included 47.5 parts by weight triallyl isocyanurate (“TAIC”), obtained
from Degussa Corporation; 27.2 parts by weight of a methacrylate-capped poly(2,6-
dimethyl-1,4-phenylene ether) (“MA-PPE”) having an intrinsic viscosity of 0.12 dL/g,
prepared according to the method of U.S. Patent No. 6,384,176 to Braat ‘et al.; and
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i ndi vidual burn tinmes fromthe first or second flane
application may exceed 30 seconds; the total of the
whewwrvi4aes for any five speci mens may not exceRdI/BSD06/039051
seconds; and drip particles that ignite a piece of :
cotton gauze situated bel ow the specinen are all owed.
"Flame out tine (sec)" refers to the average fl ane out

25.3tgane bpaveiglﬁajfrgla@s fdechadgagla dicgtetdri ofabsmmpll msc)rorhetetsrtmd an
expressed i

initiﬁéﬁ%@ﬁ@ﬁ ebottté*smﬂh@g@r% @gﬁlﬂgdt % §ﬁ ﬁlﬁc f’%wans-@?nfging The
sampl8S Yhdic HN@Y:! fglt?rL Iteréﬁiﬂn@ rt‘ﬁ)%? I&ﬁ& Gndahls. AWMPRARRNELEple 1

onpound are b fective flane retardants,
contained ttratflantee retandiitn athnnnpan:itmeh Exghplep Ha# ecanddineda Atreasing

hos ne.co u ext ct|
amoiiR e g PR T ekl SRR Elkf dingd FTqposo
fronP k@laﬁhﬁt@Etgﬁ‘@hnatﬁ@”E% 16y &5-FEX astrhifed 1&1&rl-,a§111g Pybunts of
ADPPO) , and Exanple 1 56 pbw each of Al (OPEt2)3

allylémemmﬂmph@m oilre ¢NOPPERD t@%’f@ip@(bw@% nfrog¥ PiggigeAldrich.
eaf 16194 il 15 SRR Lol AR bRl S

and ZH¥ldiphenyiphosphine $)1x'rdat €Cdoya ttetthendlhidors areganed am T able 1, with
conbi nati on make ssihle t chi eve fl ane out

compiTRL ApRUNA EXGTER ihpert B oLTRBPRYS ‘ng a total of
about 23 parts by weight of flame retardant per 100

Curdhdé ESmpokitisIire Fﬂ:bar'ed ok heﬁwgcaﬂgorw@ aaﬁxxmb ysf ﬁfeﬂiaeﬂ@ate-
et her and cur abl e conpound. Table 1

capred Bl (@lens Esthery Al Isgyamurate, ae oM eﬁm@ol iy e

polsffyBnd Gupeh i ey e T Sty e
ally]AﬁRlé‘ﬁgflphxlmp)un@ @x{ie0 v@:r56a(ﬁle|?16 and@ gfxetdl‘ i Weiles Smpim‘iﬂ);rélﬁg e
temigahe o, 909355 roaeihe hopedchlopst SASoVIG Ardgmined whil

mauR%ﬂé%@Q@hﬁif&Q%k?tg@(i%?% Firlaf9 ke ﬁer@zlggg@vadsr ;adgé’d ahd fg¥ickly

mixagh- PrRECYpblg)coppositions \Qexgmqldgcvbg tragsferring into a 254 mllllmeters

X 254 millimeters x 3.175 millimeters (10 inches x 10 inches x 0.125 inches) mold,
which was preheated to 100°C and placed in an oven at 100°C for 15-18 hours. Then
the temperature was increased in steps: one hour at 110°C, two hours at 125°C, one
hour at 150°C, and ten minutes at 175°C. The oven was turned off and the mold
allowed to cool to ambient temperature overnight. The cured plaque was removed
from the mold and cut into test articles having dimensions 127 millimeters x 12.7
millimeters x 3.175 millimeters (5 inches x 0.5 inches x 0.125 inches) using a tile
cutting saw which had a diamond cutting blade. The flame retardancy of test articles
was determined according to Underwriter’s Laboratory UL 94 test procedure. For a
V-0 rating, no individual burn times from the first or second flame application may
exceed 10 seconds; the total of the burn times for any five specimens may not exceed
50 seconds; and drip particles that ignite a piece of cotton gauze situated below the
specimen are not allowed. For a V-1 rating, no individual burn times from the first or

second flame application may exceed 30 seconds; the total of the burn times for any
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Al (OPEt2)3 (pbw) 0 5.56 5.88 11.76 7.43 ADPPO (pbw)

11.1 5.56 11.76 5.88 9.43 dass fibers (pbw) 25.3
wWQ@2003/026888 25.3 25.3 Flanme out tinme 104.3 13.PCBUS2006/039051

4.18 4.76 (sec) EXAWVPLES 5-14, COVPARATI VE EXAMPLES

8-10 These exanples illustrate that the synergistic

ef fect denonstrated in the previous exanples is also
five sheciinmatimapirot tex¢qgﬁ eng |smw§pmndeirm<pateclues thag @nfasa pibee of

0 Tr| sphi i de TPRPO' )

confl 30 Qs FRBH & onec REE e RO SBHES S Hiron o Rarioe, no

1nd1ﬂﬁﬁﬂablﬁﬁ tifies dedhn thd dirdtest etond fﬁ@ﬁ&ﬁpﬁlﬁﬁu&b%@y exceed 30
and results are resent ed in Table 2

siti
Secomﬁn 'glﬁ a? 1 the durp ﬁlénqSe@maﬂx e ERAFIIRTIAL DK nOE)@amﬂe%SO
U I t
) U SENLBE e T 05, BIJPELBHE, SAL ve
spedithamererapoaed afiilame anidtirhé édec) hefecototthe at/ebr@gb szimé bet tune per

samBRTERT TR0 2t e R R e B Blampresse At opnds.

FlaneX &Ef@ﬁd@néy (st . rddulRbave ALiGEPE 2Dable 1COMMRT AlshiYE sEek@MRAE the
10 (11,11 pbw TPPO), and Exanple 6 (5.56 pbw each of

phosghpiepmltand plssphippopmaeund arg\hoth il }awﬁe@tmeaﬂarammﬁants
f fl t t

ans S UTEyOKTAG0TE P Yok Bt SRESF YT Rfouhd T

extrémelypifiestite fAmkuretandint. i IHousetxmaple Uﬁ)aﬁpahhﬁfe Exdanipte 4 (11.11

powiFLAREER. oIl 10| LB06 Aarii), Ao Baemmpier .6

pbwgéaciigoip AN{CPEY); VﬁUgJﬂDPP t)fahla HByvd @ﬁeaﬁagﬁ@ttotﬁle raml)qgt tBﬁ ff’afh

wei ght  total of functionalized poly(arylene e
retargm;, &uf 4he aespoaipeu ﬂdme wtwmlezeoaﬂe/ 8444894.3, and 13.2 seconds,

oS SGAREICEL B o e oFfpdn

maké¥it podsiblb té chﬁevel\aﬂl’mﬂ%:’&lt(tﬁxbw)onaﬁe drdef o2 5 2dcondZsigdg 4 fotdl of
56 5.26 11.11 0 0 T

Al ((OPEt 2).3 PPO
abO‘ttp%ﬁz)P SgbBO Vrﬁlgihtséfp gla@G reggrday Perpi0d neppWY Fesighttotad of
funcfidnalizé@ pdl garigl%ngéthg’r) afid BiEbIRYbmbbiiR. 225- 4 176.7 131.7

42.1 162 51314

Table 1

C.Ex.1 | C.Ex.2 |C.Ex.3 | C.Ex.4 | C.Ex.5 | C.Ex. 6
TAIC (pbw) 47.5 47.5 47.5 47.5 47.5 47.5
MA-PPE (pbw) 27.2 27.2 27.2 27.2 27.2 27.2
Al(OPEty); (pbw) 0 2.56 5.26 11.11 0 0
ADPPO (pbw) "0 0 0 0 2.56 5.26
Glass fibers (pbw) 25.3 25.3 25.3 25.3 25.3 253
Flame out time 225.4 176.7 131.7 44.1 185.6 153.8
(sec)
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(sec) 35 WD 2007/ 044489 PCT/ US2006/ 039051 Table 2
(cont.) C. Ex. Ex. 5 Ex. 6 Ex. 7 Ex. 8 Ex. 9 10 TAIC
WO piowp4443e 5 47.5 47.5 47.5 47.5 47.5 NA- PPE (RUDAISDT6/@39051
27.2 27.2 27.2 27.2 27.2 A (OPEt2)3 (bw) 0 5.41 5.56
5.26 10.01 4.15 TPPO (bw) 11.11 2.70 5.56 7.43 4.63
10.01 G ass fibers (pbw) 25.3 25.3 25.3 25.3 25.3
Tabl23-(ntT! @Me out time 91.1 60.1 18.6 15.6 8.9 6.9

(see) Tabfe € ESOT et [LUpE% T1E<s T2 kX4 1P Ex.
TAIC {pbylly", (ELWM% S YRS T NP S L

b. 88

MAPPEApEW) 76 12243 :p%-zbv\;" 26260l 1 2k o 4372 3'
AIOPERn(Pb®)ask 1 ither ¢ (260) (2553825 315903 |25 74355] 3
ADPRQ:pbvOut t] nd 16, 62 534 5 10170 76 .89 (58&3
GlasERBMBI(PSVIL5F 54,5.3COVPARAT | VE BXAMPLES N3 - 17 2h8se
Flane>@itpihes descidhd tthel3.abr| catGdon | of4.1&m nadté$ usi ng
(sec} he curabl e| conposijtion. |Lam naté¢s were |prepared by
impregnating glass cloth (17.78 centineters (7 Inches)

M FL}}§ 0P e@Nib ARLEIT gE(l?XﬁMFL@Se@)Ib with a toluene

ution of resin an ane retardant. After m xing
the resin solution for 30 minutes, the resin solution
Thessasxangidese llusatgstha tlfeossynmlsx@ efesh ivigmongirated ip\the previous

| th
L Sy S s
comp&ir@ht Tﬁ@ieﬁh?ljbhosphimif @x;iﬂﬁ( HCPP@J’I) alds e)btaimm&snﬁ $1(gfna-Aldnch
a prepre

! Lam nat
Corstint oL b ST BT e raso
and rOits O Pr&InRl ift THTPE AIMER rOferded tHSRGuRE o Comparative

Examples 1-4). The results again show that the phosphate salt and phosphine

compound are both mildly effective flame retardants, and that the combination of the
phosphate salt and phosphine compound is an extremely effective flame retardant.
For example, Comparative Example 4 (11.11 pbw Al(OPEtz)gj, Comparative Example
10 (11.11 pbw TPPO), and Example 6 (5.56 pbw each of Al(OPEt,); and TPPO) all
have the same total amount of flame retardant, but the respective flame out times are
44.1, 91.1, and 18.6 seconds, respectively. Examples 8-14 further illustrate that the
flame retardant combination makes it possible to achieve flame out times less than 10
seconds using as little as 19 parts by weight of flame retardant per 100 parts by weight

total of functionalized poly(arylene ether) and curable compound.
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pressure of 13.34 kil onewtons (3000 pounds), and
cooled for three mnutes in a hot press. The average
wa hiocksnas8s for each | am nate was determ ned usPEIUS2006/039051
m croneter. Average first flanme out tinmes and average
second flane out tines were determned according to
UL 94. 36 WD 2007/ 044489 PCT/ US2006/ 039051
Tabl®NPoOsi tions are presented in Table 3. In addition to

COMPUTTETT'S p@egiqu EYEx°?~QﬁU§?@ ENExCATa®IE. 8 | C.Ex. 9

TAIC;(JE) QS+t UI S h.)fgl d I‘rglb}.illt Lwljllg I l4l7l5| at Ul47'5 f]'7-5

l(\/f Ntz

MA-PRE @RI g i nbl-Bit br ekt AR T 0 L il 7
AI(OPE&MEWD Lty t QQT PQ?‘lﬁq S, p$ 2épn Li I T bJ_% Shl\()\vl\_l

TPP@lGehw) he fl|aneOr et brddht |confositiof makes2p§ | 526

Glaspfibas bav)t d cdhdi st el achle¥e b Bidghl y d&s3rapl 5.3

Flam¥-oRt tiaki Ng | WSng ps176.7t l|e 184.720| patls by MBiSght ©31.4
(sec)f | ame retardant pef 100 pgrts by leight total of

functionali zed poly(arylene ether) and curable
conpound. Increasing the anount of flanme retardant
gives better flane out tines. Furthernore, greater
flanme out tinmes are expected for thicker sanples.
Table 3 C Ex. C Ex. C Ex. Ex. 15 Ex. 16 Ex. 17 11
12 13 TAIC (pbw) 100 100 100 100 100 100 NA-PPE (pbw)
100 100 100 100 100 100 AI(OPEt2)3 (pbw) 0 10 O 10 10
10 TPPO (pbw) 0 O 10 10 10 10 ADPPO (pbw) O O 0O 0O O
O Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02

I nhi bitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Lam nate thickness 1.39 1.50 1.47 0.76 1.63 1.17 (nmm
Average first flane 42.9 28.4 28.9 30.7 23.8 36.1 out
time (sec) Average second 1.38 44.3 1.0 0.96 3.68 1.08
flame out tine
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(sec) UL 94 rating V-2 V-2 V-2 V-1 V-1 V-1 Table 3
(cont.) Ex. 18 Ex. 19 Ex. 20 Ex. 21 Ex. 22 Ex. 23
W 24000443ken) 100 100 100 100 100 100 MNA- PPE ( phud/Uus®06/039051

100 100 100 100 100 AI(OPEt2)3 (pbw 10 10 10 10 2 18
TPPQ(pbw) 10 10 10 10 18 2 ADPPO (pbw) 0 0O 0 0 0 O
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
I nhi bitor (pbw) 0.205 0.205 0.205 0.205 0.205 0. 205

Tablé@'&d?ﬁ‘t)e t hi ckness 1.43 1.47 1.45 1.63 1.38 1.48 (m)

f\:’rcr;ea(g:elzl)' 3}‘@“”30?#054489%& JSE%OZ/CSQ%%? ¢ B9

Avar anae coe 24 2 Q9 E .2 O ')cn

TATG {0 socy Lol Tan datlis G 1405s s g [y rge o[ 73

=

MA-PRE|(8bW) ( cq t257-2Ex 20 Ey | 2872« | 2878 |272E%  pg 22

Al(OPEt)T@ib@®) ( pbw) 0100] 100441 0d 1606100 108 NAIBEH (bh#)15

TPPQ@PbWPO 100 1001100 10T AL( 68Et 2) 3 T4bw)| 15630 51201

Glasd 83 (pBWPA ples)s 15 215,25 [20248 28 250PPO (pha) D @50

Flande duit @mel N1 T} atogry (pbvgo. 2. 02 2862 . 05.£. 02 B 92 P. 029
(sec)l nhi bi t or (pb\/\/) 0. 205 0.205 0. 205(0.205 Q. 205 0. 205

tammate thrckness 1750 1. 61 1755 2. 02 1,85 1.58

Table 2 (cont.)

Ex. 10 Ex. 11 Ex. 12 Ex. 13 Ex. 14
TAIC (pbw) 47.5 47.5 47.5 47.5 47.5
MA-PPE (pbw) 27.2 27.2 27.2 27.2 27.2
Al(OPEt,); (pbw) 7.33 5.88 7.43 11.76 12.50
TPPO (pbw) 10.68 11.76 9.43 5.88 12.50
Glass fibers (pbw) 25.3 25.3 25.3 25.3 25.3
Flame out time 5.62 5.34 5.10 4.76 2.22
(sec)

EXAMPLES 15-54, COMPARATIVE EXAMPLES 11-17

These examples describe the fabrication of laminates using the curable composition.
Laminates were prepared by impregnating glass cloth (17.78 centimeters (7 inches) by
19.05 centimeters (7.5 inches)) with a toluene solution of resin and flame retardant.
After mixing the resin solution for 30 minutes, the resin solution was heated to 65 °C
for 15-30 seconds. After two cycles of dipping the glass cloth, the glass cloth was
dried overnight by evaporatioﬁ to obtain about 50 weight percent, impregnated curable
composition (i.e., a “prepreg”). Laminates were produced by stacking several
prepregs, compression molded for four minutes at a temperature of 150-180°C at a
pressure of 13.34 kilonewtons (3000 pounds), and cooled for three minutes in a hot
press. The average thickness for each laminate was determined using a micrometer.
Average first flame out times and average second flame out times were determined

according to UL 94.
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(mm Average first flame 17.8 6.86 2.40 1.76 1.48 2.88
out tinme (sec) Average second 5.1 7.46 3.62 11.36 9.18
wWQ 2@6/04648ame out time (sec) UL 94 rating V-1 REDUS2006/039051
V-1 V-1 V-1 Table 3 (cont.) Ex. 30 Ex. 31 Ex. 32 Ex.

33 Ex. 34 C. Ex. 14 TAIC (pbw) 100 100 100 100 100
100 MA-PPE (bw) 100 100 100 100 100 100 Al (OPEt2)3
1 PQn( t1
Comé%{i%@(gs gk%ﬂlf)r%éntg@ it 5T ble -BIPn Iq?l g%&gr dr? F;Cé zco%gpo%@nt% 5%IQV10usly
descigbedl2 tﬁe amra)l@xomp@atxonsn lsphtiained the bwm@ padator 2¢5bis(thos]

berogy) 759 aRg- S5Oy, BF auind PR ot Buridoify ° The
ﬂamﬁla@@ﬁyl téﬁ ﬂesﬁ& 2predehtedOtd Tdbiee 3( Sl Alr dge ﬂsme Om'ihrdant

8.18 2.32°3.46 6.82 60,54 .flame. out tinge 2
compgsitop makq:sn@ pyssiblg-te congystently gehievig. @ highdy @glrable V 0 ating

PG, AR5 5 N S b
funcfi®ilized patariiene eflle) RRE cipebly cdrffoul@) Ih@f.&aaﬂlﬁ@ th.d)ﬂln(lm@ of

flame retardant gives better flame out times. Furthermore, greater flame out times are

expected for thicker samples.

Table 3

C. Ex. C. Ex. C. Ex. Ex. 15 Ex. 16 Ex. 17

11 12 13

TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEty); (pbw) 0 10 0 10 10 10
TPPO (pbw) 0 0 10 10 10 10
ADPPO (pbw) 0 0 0 0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Laminate thickness 1.39 1.50 1.47 0.76 1.63 1.17
(mm)
Average first flame 42.9 28.4 28.9 30.7 23.8 36.1
out time (sec)
Average second 1.38 44.3 1.0 0.96 3.68 1.08
flame out time
(sec) :
UL 94 rating V-2 V-2 V-2 V-1 V-1 V-1

Table 3 (cont.)

Ex. 18 Ex. 19 Ex. 20 Ex. 21 Ex. 22 Ex. 23

TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100

1 AI(OPEt,); (pbw) 10 10 10 10 2 18
TPPO (pbw) 10 10 10 10 18 2
ADPPO (pbw) 0 0 0 0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Laminate thickness 1.43 1.47 1.45 1.63 1.38 1.48
(mm)
Average first flame 17.0 24.9 17.7 15.8 14.0 243

out time (sec)
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Al (OPEt2)3 (pbw) 20 20 20 16.5 23 20 TPPO (bw) 20 20
20 16.5 23 20 ADPPO (pbw) 0O 0 0 0 0 O Initiator
W@ pivrp4@2892 2. 02 2.02 2.02 2.02 2.02 Inhi bit oPCT/pk2Aap6/039051
0.205 0.205 0.205 0.205 0.205 0.205 Lam nate
thickness 2.02 1.40 1.50 2.50 2.50 2.15 (mm Average

first flame 1.28 4.16 4.36 1.12 0.96 1.00 out tine
A oo o (5ed) CF o réting VT v-p Vb V1 9%
ﬂam\e} gpﬁ,?gble 3 (cont.|) Ex. 41 Ex. 23 C Ex.|Ex. 43]Ex.
(SeC)A_/l L L5 TALCIL ~Iva A 1 C 1!"0 CO JLO 1Cﬁ 1UU
UL §4ur BfE (pbwh_2%0 100 Yab 1bo %do {00V lopetdy 3¢ ok
18 15 25 25 25 TPPO (bw) 18 0 0 25 25 25 ADPPO
Tablegt@pntd 15 20 0 0 Initiatar (phw) 2 02 2 02 2 Q2
2.02 2.02 2| 0Bx. %nHi Bixt 35 | gbw)R60. 285 27 2002805 Ex. 29
TAIC.(g0%) 0. 205| 0. K6 |LadDhat e tHi0cknes$0Q. 65 1.080 1. 5000
MAPPE(pbwH0 1] 65100 m) Ager apge faor st feore 2. 1901. 96 100
AlGPED); b 0[9018. 87 ouf t] mepfseq) Agerage sgcond 23
TPPY) Phw} 32, 1P 5§54. 42 HP0 b. 585 TTamg0ut| Ti i ($eCh3
ADP#OEJPLBV&)OILIIIJ V=P VO Vo oo Y0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Laminate thickness 1.50 1.61 1.55 2.02 1.85 1.58
(mm)
Average first flame 17.8 6.86 2.40 1.76 1.48 2.88
out time (sec)
Average second 5.1 7.46 3.62 11.36 9.18 7.86
flame out time
(sec)
UL 94 rating V-1 V-0 V-0 V-1 V-1 V-1
Table 3 (cont.)
Ex. 30 Ex. 31 Ex. 32 Ex.33 | Ex. 34 C. Ex.
14
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEty); (pbw) 12 12 25 20 15 0
TPPO (pbw) 12 12 25 20 15 0
ADPPO (pbw) 0 0 0 0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Laminate thickness 1.79 1.94 2.61 2.70 2.51 2.45
(mm)
Average first flame 2.68 2.06 1.02 1.16 1.18 23.22
out time (sec)
Average second 8.18 6.76 2.32 3.46 6.82 60.54
flame out time
(sec)
UL 94 rating V-1 V-1 V-0 V-0 V-0 V-2
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Table 3 (cont.) Ex. 46 Ex. 47 Ex. 48 Ex. 49 Ex. 50 Ex.
51 TAIC (pbw) 100 100 100 100 100 100 MA- PPE (pbw)
wd0n720as400 100 100 100 AL(OPEt2)3 (pbw) 25 PSI/OSBQ039051
20 TPPO (pbw) 25 25 20 20 20 20 ADPPO (pbw) 0 0 20
20 20 0 Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
| nhi bitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Tabl39 (MR £007/ 044489 PCT/ US2006/ 039051  Lani nat e

[ NT CTKNESS LE)l{) 35. bEﬁ 565 7. E§p3j; bUE;{ yg) Emg,gAverEggqo
TAIC {3b%) 'l,i','f,,it(toin,;:‘f ¢! - L 900

ra)

oo
r=ray i
2]

N -
e
N

MA-PPE b, |7 00 < oy 109, 7 100, ST

AL(ODER): (pAM) 0| 3 28ont) 3 B b2 25 53 E5> sh coex | 020

TPPGgpbw)16 17| TAPC (pbvd0 100 120 100 166 100 2#m- ApE 20
ADPPOHmhw100 100 0L00 |1000100[ AN OPEt2)8 (pbw) @0 20 2%

Tnitia2@ (Fow ) PPO| (109 40 20225| 0 222 ADPRO2( phw)2.020 0 .02

Inhiblitet {gbahor (pbwns52.]02). 2002 200852.(02.20902| lo@disbi | 00.205

Lamlh%"tﬁwk‘neéé) D %@@5 0. 2Up Of 20%5¢). 2052 sham nat.e0 1. [502.15

(mm)’L 1.50 1.50 thickness (nm

Average first flame 1.28 4.16 4.36 1.12 0.96 1.00
out time (sec)

Average second 15.8 0.96 2.94 12.8 7.34 8.06
flame out time

(sec)

UL 94 rating V-1 V-0 V-0 V-1 V-0 V-0

Table 3 (cont.)

Ex. 41 Ex. 42 C. Ex. Ex. 43 Ex. 44 Ex. 45

15
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEt;)s (pbw) 18 15 0 25 25 25
TPPO (pbw) 18 0 0 25 25 25
ADPPO (pbw) 0 15 20 0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Laminate thickness 1.65 1.50 1.50 1.60 1.50 1.65
(mm)
Average first flame | 2.16 1.96 4.30 0.94 0.90 0.82
out time (sec)
Average second 9.62 4.42 16.56 4.42 4.90 5.50
flame out time
(sec)
UL 94 rating V-0 V-0 V-0 V-0 V-0 V-0

Table 3 (cont.)

Fx.46 | Bx.47 | Bx.48 | Ex.49 | BEx.50 | Bx. 5l
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEL,); (pbw) 25 25 0 0 0 20
TPPO (pbw) 25 25 20 20 20 20
ADPPO (pbw) 0 0 20 20 20 0
Tnitiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0205 | 0205 | 0205 | 0205 | 0205 | 0.205
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Average first 4.00 3.14 1.65 16.56 14.00
Average second 1.06 1.80 2.32 4.30 1.06

time (sec)

WO b@nme4agd tinme (sec)

flane

Dielectric properties were nmeasured for several

out

UL 94 rating V-0 V-0 V-BCWU2006/039051

of the

| am nates. Dielectric constants (Dk) and dissipation
factors (Df) were determ ned at the specified
Lamlrnﬁfggﬁl%ﬁﬁés?‘; 1g@ Or[dl NG5t O] Bakey - Jaryigg J[. vamez| c 1Mo
(mmi Ho! I OVely C, Pal;IJ ter N, and Bl endel | J.
bIIIII NUL[T D] ctir T
Aym&%% ﬁ% grey 02%06 arab?er zation ngﬁ >ur%%%nts 8#8
Outt!il—qlleh ?Q ohi-cPackaail ng Ma ials (\_cho el aad
AV@%%?“??nd2001.4%%sulté gre pr nt diéﬁ Tabl%gq 1.94
ﬂmn%@@#@@@ valiues refjlect twp independent
(sec)det er mi natijons. The results showl|that the amount| of
UL % ratimg r et ardaWey |dods0not cWidhge t Aeldi ¢l e¥t@ick of-0
the lam nate. 40 WO 2007/ 044489 PCT/ US2006/ 039051
Tabla_gkq&ﬁht.‘} Ex. 15 Ex. 17 Ex. 20 Ex. 19 Ex. 21 Ex. 30
TAT C (pbw) [ 1B sb07 EQOs5300 gPG4100 ¢ My, PPEC pRw) | 100
100 100 100 100 1Q0 A (CPEt 2) 3 (lpbwjg 10110 150 1D 10
TAIC Ggbw o (P00t 0 1019 10~ Hhgt2 | 2Hg60 (D00 T 5.0 O
MA-PPEphyw o T o108 45280 5 7h el 5de” 40955 Lo 180761505
Al(QP%)h@b@r hi cefesd 02Ps 1] 1723 49 1 2% 1]63 9 79 ()
TPP@ARbWHK at [1028H7 |4 P9 3 u2 25 .| --0.. Ayg 20k bt 2.4
ADPPO (pbwg, 54 (4. 01 4./62 8.61] G¥ 0 0
Tnitiator (pbw) 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0205 | 0.205 0.205 0.205 0.205
Laminate 1.50 1.60 3.14 1.50 1.50
thickness (mm)
Average first 4.00 3.14 1.65 16.56 14.00
flame out time
(sec)
Average second 1.06 1.80 2.32 4.30 1.06
flame out time
(sec)
UL 94 rating V-0 V-0 V-0 V-1 V-1

Dielectric properties were measured for several of the laminates. Dielectric constants

(Dk) and dissipation factors (Df) were determined at the specified frequencies

according to Baker-Jarvis J., Janezic M., Riddle B., Holloway C., Paulter N., and

Blendell J.

NIST Technical

Note

1520, Dielectric and Conductor-Loss

Characterization and Measurements on Electronic Packaging Materials (sects 3.2.1

and 3.2.2), 2001.

independent determinations.

Results are presented in Table 4. Average values reflect two

does not change the dielectrics of the laminate.

40

The results show that the amount of flame retardancy



Avg. Df at 10 GHz 5.8x10 5.4x10" --

at 2.4 Gz

A-vqQ.
4.5x10 4.4x10 4. 7x10 4.7x10 Table 4

Df

W@ eonn4sEX. 27 Ex. 28 Ex. 29 Ex.30 Ex.31 Ex. 32 H@I/052006/039051
(pbw) 100 100 100 100 100 100 MA-PPE (pbw) 100 100
100 100 100 100 AI(OPEt2)3 (pbw) 20 18 23 12 12 25
TPPO (pbw) 20 15 23 12 12 25 ADPPO (pbw) 0 0 0 0 0 O
Tabld Di tiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02

tribrtor P%}ﬁ’)léj ﬂﬁ{# ’bEy 2P B9 V. P21V /283 30
TAIC'@E' AR ARG 1851do 29 1109 1] T cf, O U
MA PP R Eb e 3 ot00 16 3%80 b o0 b ANNT b LD 4 00
AL(OPE)s-(pbw) - | 10~ layglOpy [ar 18 4 lael0 41018 g3l10
TPPGI(®0 4. 8%10 W), 3x[10” 0 3x10- Pablle 41¢ cont JOEx | 3312
ADPP®.(pB#) C. HBx. @x. B5 Bx. 36 EX. 37 04 TAICQpbw) 100
Tnitial?QptPP 100 1902100 2MA- PPE Z.pbw)| 10®2100 1DE 140 200
.mhlbiltHP(pb&}(UJttZ),ﬁ)s(p w289 15 02030 [200.205 TPBQOEbV) @205
Lami_ﬁab\lk’glé%egg 856\ O1(POW) 01450 0 4 |nifeRtqr 1,79
(mm 205 N-200 A 205 Ozng.—oz gngznznog ! nhl bl ‘.:or (pb\/\/)
Ave. TR0 A1 b aop 01205 020S tamate T
Avg. Dkat2d - | o~ o = 7 Esy T wol” VA2 461
GHz
Avg. Dfat 10 GHz | 5.8x10” [ 5.4x10” -- - - -
Avg. Df at 2.4 GHz - -- 45x10° | 4.4x10° | 4.7x10” | 4.7x10”
Table 4 (cont.)

Ex. 27 Ex. 28 Ex. 29 Ex. 30 Ex. 31 Ex. 32
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEt,); (pbw) 20 18 23 12 12 25
TPPO (pbw) 20 15 23 127 12 25
ADPPO (pbw) 0 0 0 0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0205 | 0.205 0.205 0.205 0.205 | 0.205
Laminate thickness 2.02 1.85 1.58 1.79 1.94 2.61
(mm)
Avg. Dk at 10 GHz - - - -- — --
Avg. Dk at 2.4 3.98 423 3.97 4.16 3.99 4.04
GHz
Avg. Dfat 10 GHz -- -~ - -~ -~ --
Avg. Dfat 2.4 GHz | 4.4x10° | 4.6x10° | 4.3x10° | 4.8x10” | 4.3x10” | 5.3x10”
Table 4 (cont.)

Ex. 33 Ex. 34 C. Ex. Ex. 35 Ex. 36 Ex. 37

14

TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEt,); (pbw) 20 15 0 20 20 20
TPPO (pbw) 20 15 0 20 20 20
ADPPO (pbw) 0 0 0 0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0205 | 0.205 | 0205 | 0.205
Laminate thickness 2.70 2.51 2.45 2.02 1.40 1.50
(mm)
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WD 2007/ 044489 PCT/ US2006/ 039051 Avg. Dk at 10 --

wW@2000081480 CGHz Avg. Df at 10 GHz --

Gz Avg. Dk at 2.4 4.10 3.93 4.02 4.23

- - PET/US2006/039051

Avg. Df at 2.4 4.5x10 4.3x10 4.4x10 4.5x10 4.5x10
4.2x10 GHz Table 4 (cont.) Ex. 38 Ex. 39 Ex. 40 Ex.

41 Ex. 42 C. Ex.

15 TAIC (pbw) 100 100 100 100 100

A Vg_@gm -PPE (pQW) 100 100 LU0 _TO00[I00._1I00 AJ(OPE 213
GHAPPW 16,5123 20 18 15 0 [TPPO (pbw) 16.9 23 20 18 0 0
=1 |SA'A') U O U I U T 1 AU Ul |9AY) . Z K.
AvePlat24 0577 0319 0% TR bl t o0 pbw 205 0305|0285

GH7y 205 0,209 0.205 [Laminate thickhess 250 2 50 2 15
AvgiDEat 19 Gldz 1 50— ¢ Dk at 10 -.—-o . = [ -
AvgPbatAdy. DH 4px10 4| 43907 ha4x107 | 4.6 04 [19531 Q0| 4Em30”
GHzAvg. Df at {10 GHz - -- --]-- -- 4- Avg. |[Df at 2{4
4.4x103 " 4.5x10 4.6x10 4.7x10 4.8X10 -T Table 4
Table@qeént) Ex. 43 Ex. 44 Ex. 45 Ex. 46 Ex. 48 Ex. 48
TATC (pbw) [1G.3090716Q 390] 100 4500 EiP4IPHE Hxphw) | 100Ex.
100 100 10Q 100 100 Al (OPEt2)3 (pbw) 25 [25 25 25 2550
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEt,); (pbw) 16.5 23 20 18 15 0
TPPO (pbw) 16.5 23 20 18 0 0
ADPPO (pbw) 0 0 0 0 15 20
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0.205 | 0.205
Laminate thickness 2.50 2.50 2.15 1.65 1.50 1.50
(mm)
Avg. Dk at 10 - - - - - -
GHz
Avg. Dk at 2.4 435 4.42 4.41 4.16 4.12 4.39
GHz
Avg. Df at 10 GHz - - -- - - -
Avg. Dfat 2.4 4.4x10° | 4.5x107 | 4.6x10° | 4.7x10° | 4.8x107 | 4.9x10”
GHz
Table 4 (cont.) '
Ex. 43 Ex. 44 Ex. 45 Ex. 46 Ex. 48 Ex. 48
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEL,); (pbw) 25 25 25 25 25 0
TPPO (pbw) 25 25 25 25 25 20
ADPPO (pbw) 0 0 0 0 0 20
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0205 | 0205
Laminate thickness | 1.60 1.50 1.65 1.70 1.55 2.78
(mm)
Avg. Dk at 10 - - - - - -
GHz
Avg. Dk at 2.4 4.21 4.20 3.86 4.00 4.06 4.17
GHz
Avg. Df at 10 GHz - -- - -- - -
Avg. Dfat 2.4 48x10° | 4.7x10° | 4.5x10° | 4.6x107 | 4.5x10” | 4.8x10”
GHz
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TPPO (pbw) 25 25 25 25 25 20 ADPPO (pbw) 0 0 0 0 0 20
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02 2.02

WO pdo7ioi448y  (pbw) 0.205 0.205 0.205 0.205 0. 205PC1/B8%06/039051
Lam nate thickness 1.60 1.50 1.65 1.70 1.55 2.78 (mm
Avg. Dk at 10 -- -- -- -- -- -- GHz Avg. Dk at 2.4
4.21 4.20 3.86 4.00 4.06 4.17 GHz Avg. Df at 10 GHz
-- -- -- -- -- -- -3-3 Avg. Df at 2.4 4.8x10 4.7x10
4.5x10 4,6x10- 4.5x10 4.8x10 GHz 42 WD 2007/ 044489
PCT/ US2006/ 039051 Table 4 (cont.) Ex.49 Ex.50 Ex.51

Tabled (gntEx. 53 Ex. 54 TALC (phw) 100 100 100 100100 10Q
MA- PPE (bw) E304900 E8050100 B061100ExA2 QPEX2$3 [ g4
TAIO ($bvd0 20 20 260 TPPOIQ®bw) 20020]|201G0 20 280 ADPPOO
MA-PPBV)LRP 20 01000 O oo ti gt aroo( pbw) 1@ 04 210@ 2| 02100
AI(O‘PE“% é,bgg 2. 0Zp Tnhi bl@Of pb_z() O 20500. 2405 4p 20b 25
TPP ( )‘ - U] 9%})? ALarAQOnate IQQC}‘([\GSQOZ. ] lszU .9@5
ADPRQ(ppw) b 20,0 209, b Yoot O, Lo 90 o 0
Initiafor (pbwy “.00 T s T P2 T2 T 2027
Inhibitor (pbw) 0.205 0.205 0.205 0.205 0.205 0.205
Laminate thickness 2.86 1.60 1.90 1.50 1.60 3.14
(mm)
Avg. Dk at 10 - - — - - -
GHz
Avg. Dk at 2.4 4.26 4.06 4,02 4.02 4.07 4.10
GHz
Avg. Df at 10 GHz - -- - - - -
Avg. Dfat 2.4 4.8x10° | 4.8x10° | 4.3x107 | 4.3x10° | 4.4x10” | 4.4x10”
GHz '

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.

All ranges disclosed herein are inclusive of the endpoints, and the endpoints are

combinable with each other.

All cited patents, patent applications, and other references are incorporated herein by

reference in their entirety.

The use of the terms "a" and "an" and "the" and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
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Avg. Df at 10 GHz -- -- -- -- -- -- Avg. Df at 2.4
4.8x10 4.8x10" 4.3x10" 4.3x10" 4.4x10" 4.4x10 GHz
WOk e4448% | nventi on has been described w th re¢BUS200€039051

to a preferred enbodinent, it wll be understood by
those skilled in the art that various changes may be
made and equi val ents may be substituted for el enents

consth {206 LoviH AP ke Qﬁ%@é tdnﬁghé bﬁﬁﬁlt ﬁﬂe@“&]@&m&fm&ﬂa@ted herem
Invention. In ad e} modi fi cations nm

or cl&amlyanba’ghdmte@ dnytdootextir FulshQru atslh@uidcfnrth@rtt@r noded %/hﬁ fh‘?eteﬂns

we.beachi nventio t.h

firstg S Sera, b cs HEFBI “OhAEP P BHLoRp Phieff, ki,

but rattﬁ'&taré ﬁ@d't@&ﬁﬂh th 61 el&fentiffont esbth@. t he particul ar

nbodi nent di scl osed as the best node contenplated for

carrylng out this invention, but that the invention
will include all enbodinments falling within the scope
of the appended clains. Al ranges disclosed herein
are inclusive of the endpoints, and the endpoints are
conbi nable with each other. Al cited patents, patent
appl i cations, and other references are incorporated
herein by reference in their entirety. The use of the
terns "a" and "an" and "the" and simlar referents in
the context of describing the invention (especially
in the context of the following clains) are to be 43
WD 2007/ 044489 PCT/ US2006/ 039051 construed to cover
both the singular and the plural, unless otherw se
i ndi cated herein or clearly contradi cted by context.
Further, it should further be noted that the terns
“first,"” "second,"” and the |ike herein do not denote
any order, quantity, or inportance, but rather are
used to distinguish one elenent from another. 44 WO
2007/ 044489 PCT/ US2006/ 039051 CLAIMS: 1. A flane
retardant conposition, conprising: a phosphorus salt
having the formula 70 M+ (O_P(O nR1)

44



OR2 ( )n d wherein MI+ is a netal ion or an onium
ion; dis 1, 2, 3, or 4 according to the identity of
wOr@ne4448% oxi dati on state; each occurrence of PEI/US2UA6/039051

R2 is independently Cl1-Cl8 hydrocarbyl; and each
occurrence of in and n is independently O or 1; and a
phosphi ne conpound sel ected from '

cLARghydrocar byl phosphi nes, trihydrocar byl phosphi ne
oxi des, and conbi nations thereof. 2. The flane
retardant conposition of claim1, wherein Mi+ is an

1.  or flamiegetard®nt chepofs]tipmeceneprigiziint conposi tion of claim
2, wherein the oniumion is selected from anmmonium
cation no- - hydr ocar byl ammoni um cat i ons,

aphoaﬁt_lo(rﬁé r%v?n%t&é?o%@ yl amoni um cat i ons,
tri-(Cl-C12)- hydrocarbyl amoni um cati ons, tetra-(Cl-
C12) - hydr ocar bylxamoni um cat i ons, phosphoni um cati on,
nopo- (Clh C12) - hwdrocar byl phosphoni um cati ons,
di/- (Cl- @L2) - hydr otar byl phosphoni uim cations, tri-

M lpq;)img cafnbyl phosphoni um cat i ons,

tatra-(Gl-Cl rocar byl phosphoni um cati ons,
f oni ym cgti on, / nono- ( Cl- C12) - hydr ocar byl sul f oni um
cali ons(O)gR= (Gi - ¢12) - hydrocar byl sul foni um cati ons,
triyx(Cl-C12) - hydr gcar byl sul foni um cations, and
conbi nations thereof. 4. The "flame retardant
conposition of claim1l, wherein M+ is a netal ion )
whersiml Mt isch thetahionem sn ehivwaipme diisil 2,3 e faasording e thendentity

ntj non .n, gerngniu [ i :NE, 1| )
of M?flqdcggio%ma%lg% Is}ageh]ea occt eflct:es %’fgﬁ?ﬂ% r%l 1%%1}]d§g%rgd§gt,ly Ci1-Cys
hydrbdatthylUdAd ead Bidtien@0sfas ahdimis mdepandaitiyn@bi brmdt her eof .

45 2007/ 044489 PCT/ US2006/ 039051 5. The fl ane
retardant conpositjion of claim]l, wherejn M+ i -+
a  gPphaspBIng| aeEOPRPYRYant Se&?ﬁ‘r‘ﬁﬁsi t 7R of teb%rﬂqai?yla%ogﬁénﬁs,
i LY SRR Sk i@s, fHd coaindtonk sherdtfependent |y Cl1- C6
mhygﬁ’%ﬁ 9&%1 I£I'he fllarie re% ardant conposition of claim1,
wherei n each occurrence of Rl and R2 ig nmethyl or
2. et B¢ flage rathedant eompopision of slaim d ovrpersintMonis 3n OR1UAR Ny |
wherein Mis alum numand each occurrence of mand n

3. | ST1& A9me retardant composition of claim 2, wherein the onium ion is selected
from ammonium catidn, mono-(C-Ci,)-hydrocarbylammonium catibns, di-(C;-Cr2)-
hydrocarbylammonium cations, tri-(C;-Ci2)-hydrocarbylammonium cations, tetra-(C;-
C12)-hydrocarbylammonium  cations, phosphonium  cation, mono-(C;-C2)-
hydrocarbylphosphonium cations, di-(C;-Ci2)-hydrocarbylphosphonium cations, tri-
(C1-C12)-hydrocarbylphosphonium cations, tetra-(C;-Cy2)-hydrocarbylphosphonium
cations, sulfonium cation, mono-(C1—C12);hydrocarbylsulfonium cations, di-(C;-Cy2)-
hydrocarbyl sulfonium cations, tri-(C;-Ciz)-hydrocarbyl sulfonium cations, and

combinations thereof.

.. . . d+ - .

4. The ‘flame retardant composition of claim 1, wherein M™ is a metal ion
selected from ions of magnesium, calcium, aluminum, antimony, tin, germanium,
titanium, zinc, iron, zirconium, cerium, bismuth, strontium, manganese, lithium,

sodium, potassium, and combinations thereof.
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9. The flane retardant conposition of claim1, wherein
t he phosphorus salt is alum num
wao eoogfdi4ed hyl phosphi nate). 10. The fl ane ret arBerUS2006/039051

conposition of claim11, conprising about 5 to about 95
parts by weight of the phosphorus salt, based on 100
parts by weight total of the phosphorus salt, and the
ph i 1. ?l([d-a t 3+.

> cogggg%ggéﬁ o ciaﬁﬁ%%?n&ﬁg?g#gyﬁﬁg%%hosﬁﬁﬁﬁe compound
conprises the trihydrocarbyl phosphi ne, and wherein the,

6. t r Chy draowarctaydipit spiposiom s claihel , svheareingagh Rgcprarge of K

er.ei n -R5 ar h i ndependently Cl1-Cl12.
amiﬁ@ﬁﬁ@%%?@%@ﬁyﬁﬁfﬁégﬁ@“proviso that the
tri hydrocar byl phosphi ne has at | east six carbon atons.
7. 12Thd Henfd meRdirtanmpasitios ofphsint 1,omhaéincdaah mcdrrence of R’
erein the  trihydrocarbyl phosphine is selected from
andﬁ?wgﬂ%thyh%r?&%hi ne, allyldi phenyl phosphi ne,
di al | yl phenyl phosphi ne, triallyl phosphine, and
8. COMQL MatiedBRrdREE&Rpositih MLRIARDY /VAA4BM is aluminum and each
PCT/ US2006/ 039051 13. The flanme retardant conposition
occugfencd afi rmand nip@erei n t he phosphi ne compound conpri ses
the trihydrocarbyl phosphi ne oxi de, and wherein the
tri 0 | ' -ha t :
0. pa B Er BRI GR UR, G o bt sk
alunGAnre1ds(Biethybstaisplyibate)i t h t he provi so that the
tri hydrocar byl phosphi ne oxi de has at |east six carbon

at .4 14. The flane r.etardant conposi.tion.of gcla
10. 3 b selent PRRYEPD AP BT ph oL ERF HEE g PteS 1§ oBout 93
part® %braﬁéiglﬁjt o1 e ]%Hdsﬁlﬁtﬁ’ﬁ_ y k@t aseed B8,100 ].i)arts by weight total of the
al 'yl dr phenyl phosphi ne oxi de, diallyl phenyl phosphi ne
phosphprs salt ppdieynhepdipneameroynilde, and combi nati ons
thereof. 15. The flame retardant conposition of claim

11. 1 1@ eSefgd AP eb’tjhpg?sitticﬁl S9Mn ﬁaﬁherein the phosphine compound

comprises the trihydrocarbylphosphine, and wherein the trihydrocarbylphosphine has
the structure

R3—Pp—R*
I,

wherein R3-R° are each independently C;-Ci, hydrocarbyl, with the proviso that the

trihydrocarbylphosphine has at least six carbon atoms.

12. The flame retardant composition of claim 11, wherein the
trihydrocarbylphosphine is selected from triphenylphosphine, allyldiphenylphosphine,
diallylphenylphosphine, triallylphosphine, and combinations thereof.
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parts by wei ght of the phosphi ne conpound, based on
100 parts by weight total of the phosphorus salt and

wao b@7phas8phi ne conpound. 16. A fl ame ret ar dant PCT/US2006/039051
conposition, conprising: a phosphorus salt having the
formula 0 M+ -O1 OnRL OnR2 d wherein Mi+ is
Al13+; occurrence of RL and R2 is independently Cl1-C6

13. hy dhe€iampybtarARElcorBBsiti A M RN eviteimiashodphifie Gompdthd
a trihydrocarbyl phosphi ne oxi de having the structure
comprisepO 2the7/ omhwﬁoqa@wlmmﬁ@e? 03908de, O and Ravheseipg  the

tﬁhyﬂ?g"&?@’?‘&?"ﬁg?ﬁ% &ad%\[lﬁ gach,ddadependent |y C3-C12

ane retardant conposition
conprising alum numtris(diethyl phosphinate) and a
ph@sphi ne oxi de sel ected fromtriphenyl phosphi ne
oxipe, al | yl di phenyl phosphi ne oxi de,

Rr3-diglLlylgghenyl phosphi ne oxide, triallyl phosphine oxide,
and conbi nati ons thereof. 18. A nethod of preparing a
fl de retardant conposition, conprising: blending a
phésphorus salt having the formula O Mi+ -OP (OnR
ORZ ( )n d wherein MI+ is a netal ion or an onium

whete@ R2R e baclRind@per@ently 8¢CRY HidgcdrByll Rethi €eprdivo that the

trihydrocarbylphosphine oxide has at least six carbon atoms.

14. The flame retardant composition of claim 13, wherein the
trihydrocarbylphosphine ~ oxide is  selected  from  triphenylphosphine,
allyldiphenylphosphine oxide, diallylphenylphosphine oxide, triallylphosphine oxide,

and combinations thereof.

15.  The flame retardant composition of claim 1, comprising about 5 to about 95
parts by weight of the phosphine compound, based on 100 parts by weight total of the
phosphorus salt and the phosphine compound.

16. A flame retardant composition, comprising:

a phosphorus salt having the formula

0
M¥ | -O—P—(O)R!

(O)R?
d

wherein M% is AI**; occurrence of R! and R? is independently C;-Cs hydrocarbyl; and

each occurrence of m and n is 0; and

a trihydrocarbylphosphine oxide having the structure
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of Mand its oxidation state; each occurrence of Rl
and R2 is independently Cl-Cl8 hydrocarbyl; and each
woec@aniasze of mand n i s independently 0 or 1PCHEDS2086/039051
phosphi ne conpound sel ected from
tri hydrocar byl phosphi nes, trihydrocarbyl phosphi ne
oxi des, and conbi nations thereof. 48
0]

R3—p—R*

L

wherein R*-R° are each independently Cs;-C, hydrocarbyl.

17. A flame retardant composition comprising aluminum tris(diethylphosphinate)
and a phosphine oxide selected from  triphenylphosphine  oxide,
allyldiphenylphosphine oxide, diallylphenylphosphine oxide, triallylphosphine oxide,

and combinations thereof.
18. A method of preparing a flame retardant composition, comprising:
blending

a phosphorus salt having the formula

O

M¥* | -O—P——(0),R!

(O),R?
d

wherein M% is a metal ion or an onium ion; dis 1, 2, 3, or 4 according to the identity
of M and its oxidation state; each occurrence of R' and R? is independently C;-C;3

hydrocarbyl; and each occurrence of m and n is independently 0 or 1; and

a phosphine compound selected from trihydrocarbylphosphines,

trihydrocarbylphosphine oxides, and combinations thereof.
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