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pl astic conmpositions. In sone cases, this can be

achi eved by using inherently flane-retardant plastics,

SugipEg(Axey EENE%I@@EH?CWW@SH‘IONOME’EHGBSRND NRQ?@LES

t hat are not inherently flane-retardant are required,
and flame retardant additives nust be added to the

BAICKGROYNId @il INMENI@@Ver, nmany of the nost

effect ive flanme retardant additives are hal ogenated

H&Fc% @was‘tq%ﬁnﬁ?%%{%gﬂ&ﬁoﬁé’ (}é\ﬁﬂr f REmbSRlatdhnP blastic

enV| onnen easo r nor e
ccrmpbsi‘taine g &naims.‘ica%ésa this cat g abhidved gl using athesendy lﬁhﬁﬂ-retardant

t hey of en_ nmust | oyed in high concentrations,
pla%tmse% £ éalag%af PORVHFHS 1 PRECAES; RS tﬁ‘ﬁte%r% ngf igherently

15805 ERRRAT ARANSqHEId %H ﬁﬁﬁ@r&ﬁﬁiaﬂ?%ﬂ&lﬁ%sp%ﬂ 6&8ladded to the
properties of the plastic composition. There is

plastios ebmpesitiome Hawkwver, faayref thet laps:taﬁﬁfect@m@@m tatandanttadditives

o el el PORESTIr R o ot B Wi esommgnte

reahﬁmefdﬁﬁemobevateﬁdlogtﬁaﬁrgeﬁmaa\/ﬂaﬁl%Setalrdemadddﬁi/veataﬁsdudaa they
a flane retardant conposition, conprising

offto St tes camlaveal hagh (rengesirations {thcichicwe e desirgd flame
re%&zfﬂcﬁ' 21 tﬁése‘?ﬂ%?@é&fé@hﬁﬂfbns ge'ﬁ&an n‘?the?ﬂes éc? a]?hyswal properties

accor entity o qIts oxi
oﬁdlapta;stueemhpcmdmmr rBreceis dher&oananéd fosﬂamel-eqftmddﬁrﬁohnposﬂmns

o S Bam ey e vnd eREy e fpShriEoRs O M and n 1S

BRIEF DESCRIPTION OF THE INVENTION

The above-described and other drawbacks are alleviated by a flame retardant

composition, comprising: a phosphorus salt having the formula

O

M* | - O—P—(O),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;-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.



conmpound sel ected fromtri hydrocar byl phosphi nes,
tri hydrocar byl phosphi ne oxi des, and conbi nati ons
wo b@rmef31Anot her enbodi ment is flame-retardant PEI/ES1006038500
conposition, conprising: (a) a thernoplastic resin or
a thernoset resin; and (b) a flane retardant
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of mand n is independently Oor 1; and (b2) a
phosphi ne conpound\ sel ected from

tri hydrocaybyl phosphi nes, trihydrocarbyl phosphi ne
oxi des, a conbi nati ons thereof. Another enbodi nent

i g4 cura siition, conprising: (a) a
undgt i natb;edagg@y aryl ene ether) resin; (b) a

curapl e conmpound sel ected fromtriallyl cyanurate,

triaNlyl (®eR¥anurdte, epoxy resins, bismaleinde

resins, bismaleim triazine resins, and conbi nations -

thereof; and (c) a flame retardant, conprising (cl) a

phosphorus salt having the fornula wherein Mi+ is a
whertial Mois aonetahion i ianmnmm iod; 845 1,,2,3, 0134 acwording to the identity
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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

O

M* | -O—P——(O),R!

(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 C;-Cig
hydrocarbyl; and each occurrence of m and n is independently 0 or 1; and (c2) a
phosphine compound selected from trihydrocarbylphosphines,

" trihydrocarbylphosphine oxides, and combinations thereof.
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prepared fromthe flanme-retardant plastic conposition,

and cured conpositions and articles prepared fromthe
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DETAI LED DESCRI PTI ON OF THE | NVENTION A first category

of enbodi nents relates to the flanme retardant
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retardant conposition, conprising: a phosphorus salt
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conmponents. This advantage can be used to reduce the
anmoynt of flame retardant required, thereby
i nprovi ng jphysi cal Yroperties of a plastic
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conpri sing
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 C;-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. 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,



t hernopl astic resins and those conprising thernoset
resins. One specific use of the flanme retardant
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each pccurrence of\ mand n is independently Cor 1. As
used/hereign, the t&rm "hydrocarbyl", whether used by
itseff, orflas a prefix, suffix, or fragnment of another
grm_refers to a nesidue that contains only carbon
nd (hydr ogen. 8y ¢si due may be aliphatic or
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sat uhat edO)gR? unsat/ur ated. 1t may al so contain
conbi nations of al4gphatic, aromatic, straight chain,
cyclic, bicyclic, branched, saturated, and unsaturated
hydr ocar bon noi eti es. The hydrocarbyl residue, when so
whératned® his wenetal, iomay ag ontuai fonhétiel,2aBpord ewerdiagth thieadantity
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cont aj r.oat. pthin. the .

o St B B ERAR S, e rscu
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unsaturated. It may also contain combinations of aliphatic, aromatic, straight chain,

cyclic, bicyclic, branched, saturated, and unsaturated hydrocarbon moieties. - The
hydrocarbyl residue, when so stated however, may contain heteroatoms over and
above the carbon and hydrogen members of the substituent residue. Thus, when
specifically noted as containing such heteroatoms, the hydrocarbyl or hydrocarbylene
residue may also contain carbonyl groups, amino groups, hydroxyl groups, or the like,

or it may contain heteroatoms within the backbone of the hydrocarbyl residue.

In one embodiment, M" is an onium ion. Suitable onium ions include, for example,
ammonium cation (NH;"), mono-(C;-Cjo)-hydrocarbylammonium cations, di-(Ci-
Cip)-hydrocarbylammonium cations, tri-(Ci-Cyp)-hydrocarbylammonium cations,
tetra-(C;-Cyo)-hydrocarbylammonium cations, phosphonium cation (PHy"), mono-(C;-
Ciz)-hydrocarbylphosphonium cations, di-(Ci-Ciq)-hydrocarbylphosphonium cations,
tri-(C,-Cyp)-hydrocarbylphosphonium cations, tetra—(Cl—Clﬁ)*

hydrocarbylphosphonium  cations, sulfonium cation (SH3'), mono-(Ci-Cyo)-



amoni um cation (NH4 ), nono-(C
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nfiocafinaliohiully dheas W @IED ST diib, 1i(Cr-
Ch)rhydm gdrocar byl pﬁosphonl um cations, tetra-(C - 2)

ylisphiospications, eed thedike, and cfoufwmnonathem@f ( SHS
+), nono-(C 1-C12)-hydrocar byl sul foni um cati ons, -(C

T N S

oo WP intepinbsng, bdﬂemlﬁgfalulhmuﬁﬂ Qintigong g dgelmaﬁmnﬁ/dﬂtaﬂlﬁma zinc,
metal ion. Suitabhle netal jons incl ude for exanp
irgry rffsrcmumg%gnaﬁmmw BRI MAREARFAYS, ghwrrhéﬂéflunb ﬂ)ﬁfassmm

r%.etflgﬂﬁ%i UH chib AR D th&bOE I oflé’grl’n (Llfn%ﬁtn &BFium
I shut

strontium nanganese, I 'um I um
potassium and the |ike, and combinations thereof. In
Rcﬁala‘ir@‘rmam e rthg phﬁbphbslsAisamstn%frerabbmg iaganea embodineent each

hos r S 2str ctu ahove, . e _epbodi t
oZIRFRBRAR AR SHdPHAGRIE: kB B e e hoBE&isent ach
oclkihce B RANQINR? i n@aﬂyln@m%thypaqh HeRfer@nembolinht, M is

and R2 is nethyl or ethyl, hi a preferred enbodj nent,

alwminginy prcheach wGHERNER A MorWUt seiste Branathgnareferrad enahogliment,

i it e T

retardant conposition may conprise about 5 to about 95
Tipaflase tepardmit ghmpodition may comprise 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
phosphine compound. Within this range, the phosphorus salt amount may be at least
about 10 parts by weight, or at least about 20 pérts by weight. Also within this range,
the phosphorus salt amount may be up to about 90 weight percent, or up to about 80

weight percent.

In addition to the phosphorus salt, the flame retardant composition comprises a
phosphine compound selected from trihydrocarbylphosphines,
trihydrocarbylphosphine oxides, and combinations thereof. The phosphine compound
may be a trihydrocarbylphosphine. The trihydrocarbylphosphine may have the
structure

R3—p—R*
s

wherein R>-R’ are each independently C;-Cia 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
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total of the phosphorus salt and the phosphi ne
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wherein R3-R® are each independently C,-Ci, hydrocarbyl, with the proviso that the

trihydrocarbylphosphine oxide has at least six carbon 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-



hydr oxyphenyl ) phosphi ne, tris(l -naphthyl)phosphine,
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(O)R?
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wherein M is AI**, each 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
I
R3>—P—~R*

b

wherein R*-R? are each independently C3-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.



hydr oxyphenyl ) phosphi ne oxi de,
bi s(4- hydr oxyphenyl ) (4- phenoxyphenyl ) phosphi ne oxi de,
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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 C;-Cig
hydrocarbyl; and each occurrence of m and n is independently O or 1, and (b2) a
phosphine compound selected from trihydrocarbylphosphines,
trihydrbcarbylphbsphine oxides, and combinations thereof. Combinations (blends) of
thermoplastic resin and thermoset resin may be used. Thermoplasﬁc 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, polyetherketdnes, polysiloxanes, and the like, and
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Tﬁ’émﬁg' talrégnB%ulitefblé depgndent gor%o&ﬁ’ljonh af"o%yéxam%Pe epoxy

occurrence o mand n 1S epen
reaing, (loRptueatgh opqilmsm& creﬁm)urpdlﬁmidﬁ:tlesiné r dj”ﬁmalelmlde resins,
trihydrocar yIphogphlne

trihydrocarhyl phosphi nes,
blggep HRIe Jrarie RO SV B ET1ET BHIS. NbIGHAS: Bipoxazine resins,
b&ﬁb@&ﬁﬁ)ﬁtsﬁg B85, MRV RS | AkYRS igheRFotRARIRAE rekRS! Bovolacs,

may be used. Thernoplastic resins suitablé for use in

resqles, c onpoelpminsriormaldedele f orresiranpl eyrepfiryiaddehydme  resins,
hﬁﬁ‘&gﬂﬂ&hylﬁl%r%,( al Xéy%ﬁﬁes, diallyl phthalate, triallyl cyanurate, triallyl

isocyanurate, unsaturated polyesterimides, and the like, and combinations thereof. In
one embodiment, the thermoset resin comprises an epoxy resin. In another
embodiment, the thermoset resin comprises triallyl cyanurate. In another

embodiment, the thermoset resin comprises triallyl isocyanurate.

Particularly suitable epoxy resins include those described by the structure




sul fide)s, polyam des, polystyrenes including
honmopol ystyrene and rubber-nodi fi ed pol ystyrene ("high

WO paoi43pnl yst yrene” or "HI PS"), polyol efi ns i pct/ustongo3ss0o
pol yet hyl ene and pol ypropyl ene, polyesters including
pol yaryl ates, pol ycarbonates,

Wﬂé}lfﬁ‘l(ﬁ Gy G%afi@ "R GhFbRE Fdida®bBvalens®N, X is oxygen or nitrogen, m
poly(acry i tril e-co-butadi ene-co-styrene)s ("ABS");

is rlojryZ{ aitdycanisteobwith it valenvywd X, ded o i fiomAl- )1000 ideally 2~ 8, most
%¥ ﬁ%j ylonitrile-co-styrenec- acrylate)s ("ASA"),

’% %h pol yam dei m des, pol yetheri m des,
polysulfones pol yet her sul f ones, pol yket ones,

SHebketirikeling afludechys prodandshy aietebdidnl dﬂ@chlorohydnn or
andconbi nati ons thereof. These thernoplastic resin

epAbigmoby ¢rénwith @rheralicreognoyag. aimf@hleaahénqémmnmn@molude for
_ I d
ex?_%lteprleﬁoog%?%l' O Fecht, eﬁﬁﬁ%&@?m %?2,@)—((21;]%#@?} Methalene, 2,7-

stic’resins’i

dippdry{arapthatenc,e 2Hdiphemyddhoaphatel)inidesuisnonep bis(26-dirmethylphenol)

2.8 ehbaflol Yot EbPeRaIns . 2 pob pc BRI BRSPS  or 2233766

hé%%ﬁl@ﬂﬁ/lblﬂﬂelnﬁp ar bgrgatj &* fl@ﬁb%lﬁ@-@% 6,6’-tetramethylbiphenol, 3,3’-
ol ycar bonat é- pol yS|ioxane bl ends,” and

2R&pioMdamstiphanehng, 667 detramathydrie’ Sréiframebiphenol,
h ; | | .
RS

dlbﬂjimﬁihbm’cﬂ? (tStrﬂfroﬁolﬁs;ﬂieﬁ&It Al); |4p41€i§tqir01(ylhdaacbls(2 6-dimethylphenol)

pol y i met hyl - | phenyl ene et her) an opol nmers
(Grmbg ooty | pshol - HHE SR OB R PSRN . 44"
: phe
1s€;?‘h%§l§igg?ﬂ§(geaglg¥ﬂpe#é)?hy ) nyh [‘@ ﬁélﬁrﬁdgr}]egusé tpropyhdene)blsphenol

(bispbenmdset rB¥Bi ns sui4’ ammopsdldenldm(ﬁmhtm&plmnho& tié’-(1,4-

gyt Fisob PR Ben R heb BEPh 3 S RetefioR o coisphenol

E),es4 nmy&pﬁaﬁﬂel Aj4ckBiddighagelne 4£mla&s(2cat&ﬁﬂ1@1@ﬁlsn, 4.4°-
surfoensyllé]lls)flenol ylll 4’-sufor?y?bls(g%ng&le%f;ll?heengs 4 4’su1ﬁnyld1phenol 4.4°-
hexafluoroisoproylidene)bisphenol - (Bisphenol AF), 4,4°(1-
phenylethylidene)bisphenol (Bisphenol AP), bis(4-hydroxyphenyl)-2,2-
dichloroethylene (Bisphenol C), bis(4-hydroxyphenyl)methane (Bisphenol-F), bis(2,6-
dimethyl-4-hydroxyphenyl)methane, 4,4'-(cyclopentylidene)diphenol, 4,4'-
(cyclohexylidene)diphenol (Bisphenol Z), 4,4'-(cyclododecylidene)diphenol 4,4'-
(bicyclo[2.2.1Theptylidene)diphenol, 4,4'-(9H-fluorene-9,9-diyl)diphenol, 3,3-bis(4-
hydroxyphenyl)isobenzofuran-1(3H)-one, 1-(4-hydroxyphenyl)-3,3-dimethyl-2,3-
dihydro-1H-inden-5-0l, 1-(4-hydroxy-3,5-dimethylphenyl)-1,3,3,4,6-pentamethyl-2,3-
dihydro-1H-inden-5-0l, 3,3,3',3'-tetramethyl-2,2',3,3"-tetrahydro-1,1'-spirobi[indene]-
5,6'-diol  (Spirobiindane), dihydroxybenzophenone (bisphenol K), tris(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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benzocycl obutene resins, acrylics, alkyds,

phenol - f or mal dehyde resins, novol acs, resoles,
waoredoaoiase2 f or mal dehyde resins, urea-fornal dehyBeT/US2006/038500

resins, hydroxynethyl furans, isocyanates, diallyl

phthal ate, triallyl cyanurate, triallyl isocyanurate,

dxfrh@ Iml@aﬁ&yﬁ@nygéﬂh%d i Qﬁ@-hyaiax%menﬁ ﬂﬁ%nﬁﬁm hine  oxide,

i nati onS thereof er noset

dl@}@b}mn@dwpyhb%%alnn@tbblxghm@& dicyelapentastiensi bestotithsdphenol),
b ISR R

triallyl isocyanurate. Particularly suitable epoxy
Othesi msitabie| upexy hassngdedwhidee dNbglyditid splﬁthalﬁmfde N-glycidyl
[ an organi c or |norgan|c radi ca

nwher e Al
tet&é%éwﬁwhl' ¢ phsrylgglrcigyl aher djyaRtylnheny alyaflylzefaﬁrd styrene
f 0
o o TS g ey NIt TP o2 s, riylentO%col
d1glesudy|b eﬂlﬂl;lprdwleﬂeoglgcqirctlglweldgﬂ bthet, nmlymap,}tlc@nglgd&ol diglycidyl

et SO G B DR ARG ietveiay

etl@éfaMpﬁendl eAqkpd Qﬁbxy Q:@In@@ﬁlﬂis, HERSIUB RRNE epoxy compounds,
2, 6-di hydroxy napht hal ene, 2, 7- di hydroxynapt hal ene,
re@rngp]pquﬁyquﬁbg;}gﬁmoprSh)p@mdunqmlﬁg; fype epoxy compounds, cresol

n o4 TSI HRA ok i PSR o: Rp Bty
estee el ie\alctal ¢ pleroidlyl, esﬁar 31nd th&like, 'and afixtatss tmmwedt, 2 ' 6, 6'
-tetranet hyl bi phenol, 3,3 - dibrono-2,2 ',6,6'

N SHRTE DAL REP ISR e AR i e a o
gl{QiFAPhaRgl A, phedbl-fosdepRpid | doRahd, S (aRf- substituted phenol-
formaldehyde resins including
cresol-formaldehyde novolac, #-butylphenol-formaldehyde novolac,'sec-butylphehol-
formaldehyde novolac, tert-octylphenol-formaldehyde mnovolac, cumylphenol-
formaldehyde novolac, decylphenol-formaldehdye novolacs, and the like. Other
useful epoxies are the glycidyl ethers of bromophenol-formaldehdye novolac,
chlorophenol-formaldehyde novolac, phenol-bis(hydroxymethyl)benzene novolac,
phenol-bis(hydroxymethylbiphenyl) novolac, phenol-hydroxybenzaldehyde novolac,
phenol-dicyclopentadiene novolac, naphthol-formaldehyde novolac, naphthol-
bis(hydroxymethyl)benzene novolac, naphthol-bis(hydroxymethylbiphenyl) novolac,
naphthol-hydroxybenzaldehyde novolac, naphthol-dicyclopentadiene novolacs, 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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di br onophenol ) (tetrabronobi sphenol A),
4, 4" -isopropylidenebi s(2, 6-di net hyl phenol)
w@ c@ramsthyl bi sphenol A), PCT/US2006/038500
4, 4' -isopropylidenebis(2-nethyl phenol), 4,4'-
I sopropyl i denebi s(2-allyl phenol),
e R e a AT A ARA Yo benpanedio
comppunds, MSphph@nlgﬁlsmn ed]yhsdlm plydnol essi), mhsm‘lﬁnmlsms and the like.

E)ganzlpclg gc%b% &);}‘8 ne cgml&)o}npﬁl Lé}%ﬁﬁedl ﬁ) gtrllé) am 1% 2 1?1%5‘1‘1)1|1ds )such as
d1ét 1&8&@@&6&@1&%&@1&5@%%@ T-’E"PA) tetraethylene pentamine
onyl di pheno] , 4,4’ -suf onz/l bi S/&) - di ‘met hyl phenol )

(’J}EPA)SN ﬂ}ghyéquﬁ@p@py appige - (DEAP methylene  diamine, N-

ad: ﬁlﬁ@tﬁ &1&59{&% e yf)Al?%?ly : rlg g&ﬁh%ﬂb |S [sﬁrafn e l(l(d?gi@g ¥ gﬁ | he F@Se aromatic

mhnm(4chy®bam%phanmh) sz miiphérlydeneet ndibwfie ( BiMpibANO! 4,4'-

dlggngpglgl 0 roxyphe Ag?‘ygﬁ %ﬁ%@gﬂi«%@@umne (DADPS),

tWhi Qk
dlzﬁrgééodg}ﬁg%%cﬁﬂ% r?e(lh é?egfig% %h@ (@%Q)S p%rgﬁag 4.’ertl)ary amine compounds such

as4 phenylwytbydioetbypminte (BPM ph edivlethylathinomethylphenol (DMP-10),

ahinraprtBitel o)D) DMED . 5 smpaigee 44

dlﬁMﬂfoﬂiWBlbﬁé!’Wlmbﬁl@E@nZlQi—dfaﬂﬁnoc%fél%ﬁ&xa‘ﬁee 2,6-diaminopyridine, m-
1- (4- hydr oxypheny Ii 3, 3-di met hy| -
pleﬁnﬁlﬁaqa amige; nereheny. qy|ed1am1ne 4.4 dlammodlphenylmethane 2,2"-bis(4-

o EBATEORES AR W gl PE

ro- | Hi n-5- ol
diamiredipheeylhylfon?, 2' bsy(Gamimphertyy)phenylplisplsipe r obixidende rtds(4-

S BHNBFRI ] o 4:5- NP AEIREHAT ot FROSIQGIne, P
xyléred{afhrifiy, dr OXpaRBRRy)RbMamene, 6,6'-diamine-2,2'-pyridyl, 4,4

tris(4- hydroxyphenyl)propane
digpingbanaepHensegp ﬁéhwappg@q;ﬁbenzene bis(4-aminophenyl)phenylmethane,

1 ,ti Iﬁﬁﬁ-%n%ﬂXﬁﬂfby@%ﬁ&%&p h on V-HSEEE&%{&% -n{eliﬁﬁlgl?én% cyclohexane,
2,5-bis(m-aminophenyl)-1,3,4-oxadiazole, 2,5-bis(p-aminophenyl)-1,3,4-oxadiazole,
2,5-bis(m-aminophenyl)thiazo(4,5-d)thiazole, 5,5"-di(m-aminophenyl)-(2,2")-bis-
(1,3.,4-oxadiazolyl), 4,4'-diaminodiphenylether, 4,4'-bis(p-aminophenyl)-2,2'-
dithiazole, m-bis(4-p-aminophenyl-2-thiazolyl)benzene, 4,4'-diaminobenzanilide, 4,4'-
diaminophenyl benzoate, N,N'-bis(4-aminobenzyl)-p-phenylenediamine, and 4,4'-
methylenebis(2-chloroaniline); melamine, 2-amino-s-triazine, 2-amino-4-phenyl-s-
triazine, 2-amino-4-phenyl-s-triazine, 2-amino-4,6—diethy1—s-tfiazine, 2-amino-4,6-
diphenyl-s-triazine, 2-amino-4,6-bis(p-methoxy;phenyl)-s—triazine, 2-amino-4-anilino-
s-triazine, 2-amino-4-phenoxy-s-triazine, 2-amino-4-chloro-s-triazine, 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 met hyl - 4- hydr oxyphenyl ) net hane,
t et raki s(4- hydr oxyphenyl) et hane,
wo edorakizst 3, 5- di met hyl - 4~hydr oxyphenyl ) et hane, PCT/US2006/038500
bi s(4- hydr oxyphenyl ) phenyl phosphi ne oxi de,
di cycl opent adi enyl bi s(2, 6-di net hyl phenol),
dﬂhﬁly&lsxeﬂleamﬁl ie%S}Mls tPi'aiﬁ@ NElafyhyB Qxlly)las-trlazme-Z o, and 6-
di cycl opent adi enyl" bi sp henol , and the nd
aminet yiregine2et-diot, andtheclikes aind mh?tteleeﬂmqofr eS| ns i ncl ude
N-gl ycidyl phthalimde, N-glycidyl

SHEIEHERERT Bl fiacBpRi S Sliblosyi e, neonexene

oxi de, ethylene glycol di gl yci dyl ether, polyethylene
gl ycol diglycidyl ether, propylene egcoI di gl yci dyl
et her, pol ypropyl ene glycol diglycidyl ether,
“tetramet hyl enegl ycol diglycidyl ether,
ol gljé&&ﬂﬂj| ene glycol diglycidyl ether, bisphenol
- tlype epoxy dagnpounds, bisphenol S-type epoxy
conpounds, resorcinol-type epoxy conpounds, pheno
novol ac-type epoxy conpounds, cresol novol ac-type
epoxy conpounds, adipic acid diglycidyl ester, sebacic
acid diglycidyl ester, phthalic acid diglycidyl ester,
and the like, and m xtures thereof. Al so suitable as
epoxy resins are the glycidyl ethers of phenolic
resins such as the glycidyl ethers of
whbefioA 1§ ar sﬂ?ghlde by thergmvotadical ¢ da}éncsmbﬁﬂi o it 1-1000 ideally
phenol f or deg%de_2§3|ns i ncl udi

28 @t Dty bvolengte estsetwfahgw&def%%@bf@ﬁwel 3-
1 t e r . -
4_@%%1 c?%tllqaéﬂ)%ﬁz?lgr gl oggﬁﬂﬁtl;ef géﬁvgﬁg%?ﬁyﬁﬁi’d%leﬂfene 2,5-di-t-butyl
1 dedigptaphteherizbog, mal de?;&-det—btmfb[l ,é&edlcyanatobenzene 4-chloro-1,3-

AR L T S RN W P

ﬂ@?ﬁﬁﬁﬂiﬁﬂf&ﬁ&l— Qqﬂdiﬁied@hldyﬁdﬁ?étﬁ{o@@nzene tetramethyldicyanatobenzene,
1,3- dicyanatonaphthalene, 1, 4- dicyanatonaphthalene, 1,5- dicyanatonaphthalene,
1,6- dicyanatonaphthalene, 1,8- dicyanatonaphthalene, 2,6-dicyanatonaphthalene, 2,7-
dicyanatonaphthalene, 2,2-bis(3 ,5-dibromo-4—cyanetophenyl)propane 1,3,6-
tricyanatonapthalene, 2,2-bis(4-cyanatophenyl)propane, bis(4-
cyanatophenyl)methane, bis(3-chloro-4-cyanatophenyl)methane bis(3,5-dimethyl-4-
cyanatophenyl)methane, 1,3-bis[4-cyanatophenyl-1-(1-methylethylidene)]benzene,
1,1,1-tris(4- cyanatophenyl)ethane, 1,4-bis[4-cyanatophenyl-1-(1-methylethylidene)]-
benzene, and the like, and mixtures thereof. The cyanate ester may be a cyanate ester
prepolymer, such as, for example, prepolymers of 2,2-bis(4-cyanatophenyl)-propane,
bis(3,5-dimethyl-4-cyanatophenyl)methane, 1,3-bis[4-cyanatophenyl-1-(1-
methylethylidene)]benzene, 1,4-bis[4-cyanatophenyl-1-(1-methylethylidene)]benzene,
bis(4-cyanatophenyl)ether, bis(p- cyanophenoxyphenoxy)benzene, di(4-
cyanatophenyl)ketone, bis(4- cyanatophenyl)thioether, bis(4-cyanatophenyl)sulfone,
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chl or ophenol - f or mal dehyde novol ac,
phenol - bi s( hydr oxynet hyl ) benzene novol ac,
W@ b@noh43bt s( hydr oxymet hyl bi phenyl ) novol ac, PCT/US2006/038500
phenol - hydr oxybenzal dehyde novol ac,
phenol di cycl opent adi ene novol ac,

yaRdto Héh?l?h@@ﬂﬁée aﬁ@&%kﬁ@yanﬁﬁ)@ﬁ&ﬂ%’)‘pﬁbs%ﬁate Also useful are

hydroxyneth benzené novol ac
othaptsehaes s digdigaed dx Vr PayNui. SR 63869, cbvid, Eass 19 to 38,
naphthol hydr oxybenzal dehyde novol ac,

COB B8k B BRI SLE URIOhE MG Gra e

canetestey gtougs diyd may fberpﬁsod)fce@ @!y)ph}}tﬁ[ terirgd dfhatchanate ester resin
al cohol s. Exanpl es of such ydric al cohol s that
iy DyeseReh oY 61?19@30%?%3 fata ysbu% éﬂé@ﬁl sramplegainwich feehiagpte ester

pﬂ%% wgiﬁy'( gsnhy%t;yc 35ﬁ1a1 gl Yegf N gfddﬁat hydeol R5i QB3 Emethyl-4-

roxy- cycl ohexy pane an
cypaatopkenyl)nretliant, sCld umigr Hyentdendme ArbEy® B39, B-66iM<0, PT-60,

PRuc, £ 4P TRouns, SAADNOCLAGE, DENEEREl b iftrn

cRReRAsict pfepdiyifers A bE hSed, lak 8an FXAMRE 8% ofE of ﬁf%r@é@’aﬁ@te ester

conpounds inc¢lude aliphatic am ne conpounds, such
pigpelympise Matht pReaer rmeoteDEYRAjte aisartphisiing sompainds that are not

DR Bt ety R IR il fommersilly, pgduced by

I oiavai Iadetmtmﬂmizmmememaa) for @eaipll BRI, @ 3071 1EL MKBA) PT-15,
he like, aromatic am ne co ch

Pﬁ-{%@hgmogngw%m S KPR, BA- 20 OLNT B2 k& 300, RTX-3686,

mgjgﬁhﬁgd”ghqagﬁgethane (MDA, dlan1nod|phenylsulfone
(DADPS), di am nodi phenyl ether and the |ike; and

secondary or tertiary am ne conpounds such as

Mgted sglf patelysis.ciugl ahipetalicarboxBorpyan be used to accelerate the cure rate
of%ﬁ&t@%st%{:g '&%{Hﬁ;sﬁy 1n91t&89 %an&%\ép se nz(%hthenate, zinc naphthenate, cobalt

naphthenate, nickel naphthenate, cerium naphthenate, manganese octanoate, zinc

octanoate, cobalt octanoate, nickel octanoate and cerium octanoate, and the like.

Suitable bismaleimides include those of structure
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tris(dinmethyl am nonet hyl ) phenol (DWMP-30), piperidine,

4, 4" - di am nodi cycl ohexyl net hane,
wda ebmient nocycl ohexane, 2, 6-di am nopyri di ne, PCT/US2006/038500

nphenyl enedi am ne, p-phenyl enedi am ne,

4, 4' -di am nodi phenyl net hane, 2, 2'-bi s(4-

am nophenyl ) pr opane, benzidi ne, 4, 4'-di am nophenyl

oxi de, 4,4'- di am nodi phenyl sul f one,

bi s(4-am nophenyl ) phenyl phosphi ne oxi de, bis(4-
wheremoiphenig| 9 radical) bentiiniag 2+4G catbaniations phvalanasne and each Z is

. xvl,enedi am.ne | enedi anine,.. hexanet.hyl enedi am

oty R, el o Rne o HRTRLE LEBTRATE s o

104, M’ caflibandlipRatzs) *@?ﬂéﬂi’jﬂiatic, aromatic or heterocyclic. A preferred class of
_bi3841anjnophen ) phenyl et hane L o

bigimides is dfuagHonaldranylesdes dsriagd frem aliphatic or aromatic diamines.
1, 1- bi s(4-am no- 3- net hyl phenyl ) cycl ohexane,

I s(maniperhenyl )gr 1, 3, 45 tazol e, - - includ
S gicgl s(p-%grﬂrﬁ)gphenyl )O- 1, 3, Zl}-ng%?g%lkgzol e, imides tetude

1 ,Z:bﬁﬁiﬂmllgfrﬁdqnﬂ@amep hhﬁﬂoﬁsmaﬂﬁimiqlﬂﬂxﬁwd ) 1 Aitagodleimidobenzene, 1,4-
biginsiR R 1 P sl hiselgimigeiphenyimethane,
4 4 WismblemtidodiphaSRueRy | ) - 2,348 -bishdl dinddddighenylsulfone, 4.4'-

m bi s(4- p-am noghenyl -2-thiazol yl) benzene,

bigmaleirgiidgdipheryéswiane.| i ¢&-bigmaleimylodiryploperetmethpis z 0O is(4-
~bis( 4nam 1) - p- enedi ani d 4,4 -
e B D B O b 7 P R @ lme . %4 13-
bidedieimndorhethglydyniehe2nam rig-Bisphalviidsmethghbaesne,  1,1-bis(4-
gl ARy BRI o. ¢ 1 |lagPiRGlckompdmdogoenzene, 44

bifiRA@RAYhid®diphb@AmBiane, 2,2-bis(4-maleimidophenyl)propane, 1-phenyl-1,1-
2-am no- 4, 6- bi s(p- met hoxyphenyl )-s-tri azine,

bigdanilnimidoplienyi)etbane, t r i azi,adis(4-maleimidophenyl)toluene, 3,5-

.2- am _na- 4- noxy-s-triazi . . - .
iR BRREPRIC 1ot ot styhgogpisgaleimide NN
hexaingtiytinbyikmalethides 0- s- t NiN'zhfhenylenebismaleimide, N,N'-p-

2- (p-anm nophenyl )-4, 6-di chl oro-s-tri azi ne, 2, 4-
ooy ey ) - A R A Qe St e einade. N.N'-4,4-

diphenyletherbismaleimide, N,N'-4,4'-diphenylsufonebismaleimide, N,N'-4,4'-

dicyclohexylmethanebismaleimide, N,N'—alpha; alpha'-4,4'-
dimethylenecyclohexanebismaleimide, N,N'-m-xylenebismaleimide, = N,N'-4,4'-
diphenylcyclohexanebismaleimide, and N,N'-methylenebis(3-chloro-p-

phenylene)bismaleimide, various maleimides disclosed in U.S. Pat. Nos. 3,562,223,
4,211,860 and 4,211,861, and the like, and mixtures therecof. Maleimides can be
prepared by methods known in the art, including, for example, those described in U.S.
Pat. No. 3,018,290. In one embodiment, the maleimide resin is N,N'-4,4'-

diphenylmethane bismaleimide.

The composition may comprise about 50 to about 99 parts by weight of the
thermoplastic resin and/or thermoset resin per 100 parts by weight total of the

thermoplastic resin and/or thermoset resin and the flame retardant. Within this range,
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di am no-s-triazi ne, 2,4-di am no-6-nethyl-s-triazine,
2, 4-di am no- 6- phenyl -s-tri azi ne,
WQ 2007 @ient no- 6- benzyl -s-triazi ne, PCT/US2006/038500
2, 4-di am no- 6- ( p- am nophenyl )-s-tri azi ne,
2, 4-di am no- 6- (m am nophenyl ) -s-tri azi ne,

{1 RO -of-tREBIoplasic i@ ahdl8r ﬁ‘[eﬁhose@%’sn@ may be at least about 60
am no-s-triazine-2,4-diol, and t g m Xt ur es

patiebe sreighbuen ableastcapanhy@ pers éw W@ShtnsAllschlIUm this range, the
a1ﬁ8ﬁ£ﬁ%lfqge§m%;ﬂa§ﬁ£ Heet uzgnrdééo‘ tg%ﬁnog!# 1gsip éﬁ%’:benuP ghaxwt 93 parts by

w%rghmoiuﬁﬂﬂﬂodudeabhlysl&y&elgm)st preferably 2-4. Suitable
cyanate esters useful include cyanatobenzene 1, 3-

4 cu anatobenzene di cyanat obenzene,
%ﬁ?lgn}% éﬂhﬂwew%p{ése a@ogt ito abguk 91) parts by weight of the flame

relardfarﬁ“ ssed8h qt@@ﬁé}g@ By xﬁglgﬁdtbt‘al OPHIeYtheryoglasnc resin or thermoset

3- di cyanat obe loro- 1, anat obenzene,
reilnané iher flaye refardibgn Neitlgin this 2ange ythn ﬂamblrﬂheiayi a2t may be at

le?%f%gﬁg ﬁ%t.ﬁp Q%h%{t,o?fgﬁglgaﬁgt h(%lt_éol'a%_s %I C\Xealgatt ° lescr)] Zwelﬁgn this
raflp€ he Aapieakhidiat @fRuntlmag-be HipCiredbatio AG RPRHH BY evl?la‘i‘ght101'5up to
d| C anatonapht hal ene, 1, 6- dicyanatonaphthal ene, "1,

beut 4 patdnayeiehal ene, 2, 6- di cyanat onapht hal ene, 2, 7-
d| cyanat onapht hal ene,

Ofe €mBbAfnPisd &Hﬁ)‘iﬁ?fh%n C%gﬁg%g%g&g Xltﬂé}fn% nyfe)sﬁl s@fected from

tri cyanat onapth yanat o
pdly@(enec ythnas, opdigqayylymee stifide)s, polyam1des polystyrenes, polyoleﬁns

p }’%929%5 ghl e 4 Gt anat @g&&%‘ﬁ) e h Hlélttlp.'lg}.?e poly(acrylonitrile-co-

butad@edd-&d-éyyaRAat sdl érre-co-malelc anhydride)s, poly(acrylonitrile-co-
1-(1-neth et hylldg(ﬁ{ew benzene, 1, 1y1 t) p X( + 0

Stwa@ra@-é% ) E@lbrawées JPQiyal@il@ﬁmué@Sarmﬂmﬁmmydes polysulfones,
poﬁy&(tﬂergm%dﬁ\éé,ef)(m//]!(étgr?ég,e%Llyetherketones, polysiloxanes, and combinations

thereof; and (b) a flame retardant comprising (bl) a phosphorus salt having the

formula

0

|

M*¥ | -O—P—(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
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benzene, and the like, and m xtures thereof. The

cyanate ester may be a cyanate ester prepolyner, such
wa@sggo7ersiexanpl e, prepol ynmers of PCT/US2006/038500

2, 2- bi s(4-cyanat ophenyl ) - pr opane,

bi s( 3, 5-di net hyl - 4- cyanat ophenyl ) net hane,

1, 3-§i s[ 4-cyanat ophenyl -1 - (I -

nethﬁlethylidene)]benzene,

|, 4- Bi s[ 4; cyanat ophenyl - | - (I - met hyl et hyl i dene) | benzene

R*pr Brz-Byanat ophenyl ) et her, bi s(p-

cyanpphenoxyphenoxy) benzene, di (4-

cyang? ophenyl ) ket one, bi s(4- cyanatophenyl)t hi oet her,

bi s(4- cyanat ophenyl )sul fone, tri s(4-

Wﬁ%?@( 3?]%9%2é!t‘%‘giggg&l‘?‘iﬁ%ﬁ@s%gﬂé{ydﬂcggmsef ul are ot her

cyanates as disclosed in U 'S Pat. No. 5,215,860, col.
OA® embbdifRntld al RmMPBsitioh AbMiyRishipt 6f) aRh@RVIPYARRE Sesih@mpiding a
be used in the present invention contain free cyanate.
p@stasiengr oeths)andnfay(he pr dinmed Tefgrdany ¢ CAMPHESIRE ngaleminum
: X res . .
e pORpfinGR) ot £ Hheblat i SEREE Rl MADERGRHphine
oxide pbllyldigtenylphodphingardide | didl Béghienyiphgspbiohe aixide, triallylphosphine
hi s( 3, 5-dj et hyl - 4- cyanat ophenyl ) net hane, sold under
oxifle apd 5@8‘%’5%0‘{&#%@9@?) B-30, B-50 M 20, PT-60, PT-60S,
and CT-90 by Lonza. Ltd., Switzerland. M xtures of two

086 eIBb8inttnt f£5 @Bip6YAtRL ®nSfstls: RE)eP teyiiBiet r8RY sblected from
used, as can m xtures of one or nore cyanate ester

selgcéqslo| fyorar spewst hresing gmstgrateds yRAA¥aster o §esés, c BRHYENIAR ngesins,

bigl%nf%%iﬁgsfeﬁgxlﬁatois% feill R4 B{a%ﬂl%l %Eﬁﬁg,sﬁy Ilrﬁgfegll! T ‘Eé/sg{latvﬁlyl resins,
BSPers rnel ude mat arl al S Conmer cia Fy proguce by

bdnaozaxide thsins, énizaeyrclabucknandsing) dctydies, dlbydsephempil-dormaldehyde

SN OTE WG W ot
hok Ry B¥ant 1 8ifo&RAht8S diallyl phthalate, rtriallyl cyanurate, triallyl

isocyanurate, unsaturated polyesterimides, and combinations thereof; and (b) a flame

retardant comprising (b1) a phosphorus salt having the formula

0
d+ Ve P 1
M 0—P—(O), R

(O),R?
d

wherein M% is AI® "+ occurrence of R!and R%is independently Cl'Cs hydrocarbyl; and
each occurrence of m and n is 0; and (b2) a trihydrocarbylphosphine oxide having the

structure
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Metal salt catal ysts, such as netal carboxylates can

be used to accelerate the cure rate of cyanate esters.
w@2ai0aloysts i ncl ude manganese napht henat e, zi NCPCT/US2006/038500

napht henat e, cobalt napht henate, nickel naphthenate,
ceri um napht henat e, manganese octanoate, zinc

oct apoate, cobalt octanoate, nickel octanoate and

ceri n1octanoate and the like. Suitable bismnaleimdes
]%pcl hose of structurewherein in Mis a radica

ont & ni 2-40 carbon atons of valence n and each Z

i s independently a hydrogen, halogen or an aromatic or
alipRatic radical and n equals 0- 10. Mcan be
aliphatic, cycloaliphatic, aromatic or heterocyclic. A

f di f t I
wBRSisck SR B infeneB S B G PR  ar omat i
di am nes. Specific exanpl es of unsat urat ed i mdes

AnhobktielebddiBettiis a&bmpmlﬁ@ﬁtcbﬂ%ﬁsmg (2) a thermoset resin compnsmg a
1, 6- bi smal ei m dohexane i smal el m dobenzene, 1,
bigphergl ef nieBdHerisEme and. £bhias iames niekedast yeqraprising alummum

ni%(ﬁ;thg.?g@bel fﬁ) %{glgi pﬂ%%* i %2}?{?& selected from triphenylphosphine
0ddg’ allbﬂ(ﬁp’[wlnﬂiphmphﬂiepixﬁw daalilyfpheeylphsdhine oxide, triallylphosphine,
ei,m da}dil#)genyl sul f one,
lﬁf%n%d?@r?ﬁf %i°4odi cycl ohexyl net hane, 3, 5-bi s(4-
mal ei m dophenyl ) pyri di ne, 2, 6-bi snmal ei m dopyri di ne,

Inlad@itidd ©(the biRimb @ﬁﬁtl’@Mh)aﬁka BB resin, and the flame retardant,
1, 3-bi s(mal ei m donet hyl ) benzene, 1, 1-bi s(4-

thgoBINes H@wpgr&r@edﬁ@an@ore various additives known in the art for
t %mﬁ%&és%&dw ltl&%fﬂﬁ@t eldm g)tf?) Qzegﬁrtab% 4 dditives for thermoplastic
m p ne,

traconi hen
camsiiiong 4aahed eg ifori ckomipbn plla)s‘pmzm,nimpaﬂ:t— mbdifigts; filleds; reinforcing

agg:l’ngg éiihgﬁlhl_einlg;ﬁpgs?%{}en lh ﬁtﬁh? ?ugql u%tﬁgus §111§rs) mold release agents,
cdioafil! EinbludRip! pinfenty iaad0Uges) MergbhydneRiS "BLR RabRizers,
anl;lioly\;rid-ants, adhesion promoters, drip retardants, antiblocking agents, antistatic
agents, blowing agents, and combinations thereof. Suitable additives for thermoset
compositions include, for example, impact modifiers, low profile additives, cure
agents, hardeners, cure inhibitors, fillers, reinforcing agents (including disc—shaped
fillers and fibrous fillers), mold release agents, flow modifiers, colorants (including
pigments and dyes), thermal stabilizers, | light stabilizers, antioxidants, adhesion
promoters, drip retardants, antiblocking agents, antistatic agents, and the like, and

combinations thereof.

Apparatus and techniques for blending thermoplastic compositions and thermoset
compositions are known in the art. Apparatus suitable for preparing thermoplastic
blends includes, for example, two-roll mills, Banbury mixers, and single-screw and
twin-screw extruders. Apparatus suitable for preparing thermoset blends includes, for
example, flasks or beakers with mechanical stirring that are used for dissolving the

PPE oligomer in a suitable solvent or curable compound. Mild heat is used to
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hexanet hyl enebi smal ei m de,
N, N - m phenyl enebi smal ei m de,
woRN7opEhenyl enebi smal ei m de, PCT/US2006/038500
N, N -4, 4" -di phenyl net hanebi snal ei mde, N, N -4,4"-
di phenyl et her bi smal ei m de,

facgilﬂ?&e (iﬁ %lutﬂinp U@%ﬁ]a%&@&gﬁgﬁﬂﬁ &)% h T &Ginid} Me rébirfsolution is used

cyc exy nmet ebl smal ef m
foN;ddtingliph@gadtpnaf ghhsg tloth via dlpplng the cloth into the resin solution.
di rret hyI enecycl ohexanebi smal ei m de,
nebi

Th&. %oﬁwr é]/;g oﬁsé’ Bl c]agpgnag{écle A parts of articles. Thus, one

enfBolliméRt Ay @rﬂeeﬂh&(e&c@ﬂﬂpﬁélﬂgp@ﬁ? Nyt emR) aBbwdradsetitaddepolymer
various mal ei mdes disclosed in U S. Pat. Nos.

cogpEifions 3 Whemthe, @emogiHign £omprise6a themgsetiesip; e artiglg may
| ei C ared
colll %%%ég dtﬁé Jﬁo‘%&fom P agr é&l?%dél 5 F&pleeﬁ é’?{a ef;ured state.
Tebhmq&esdibﬁ Catirleeting al“tlbIGSfroEathenhbset oA h&si 3. ard dlsOﬁBSed below
odi ment, .t he agﬁl eimde.resin is N

ing DRI he s AAPBPSE b ComAESIES &Elragmqnahz%wy@rﬂene

et TRiS © PRANual fdrofBROHhg I BRE tfﬁ)npXhé’fﬁiogﬁﬁtl@fcoﬁ]ggsﬁwns
t hernopl asti c resin and/or "t herni oset resi

mcpiacrlet, §oﬂo§xamplg Hilmt andesheetfextrhgion Higjentipn awiding, r@&awst injection

erm)s res and t tard
e ot AR b e R PR A28 SRR SR By T ot
mei;hl@é ﬂ@ﬂﬁtfofrﬁ?@lf  fity sheetaholde@dbjeabotitofbsiahb®inBt least one
ight, or at |east about 70 parts by weight. Also

laWPﬁmﬁﬂflﬂggler"&ﬁ@@Sﬂ@ﬁe anount of thernoplastic resin
and/ or thernoset resin may be up to about 95 parts by

ThAGhSHtion FarihtR it @udB a%hetBil HWehSner df¥position, yThus

conposition may conprise ab o abolt 50 parts b
ongesiniotlinodnt tihe rrtdtlmdeofrmclzaMgm qonnms@@nowmmsnparblsndayg (@)a

thermo%fI tstnt: %s?n or 2 tﬁe?l%oge? %Srlrrll)pl S(w § flafie r%ta%an% Q()erhglpl)ssigé (bl) 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; 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 Ci-Cis
hydrocarbyl; and each occurrence of m and n is independently 0 or 1; and (b2) a
phosphine compound selected from trihydrocarbylphosphines,

trihydrocarbylphosphine oxides, and combinations thereof; to form an intimate blend.

The flame retardant is particularly useful in curable compositions comprising a
poly(arylene ether) with polymerizable functionality. Thus, a third category of
19



resin and the flame retardant. Wthin this range, the

flame retardant anount nay be at | east about 5 parts
whyooneignt , or at | east about 10 parts by wei ghtT/USt086038500

within this range, the flane retardant anount may be

up to about 40 parts by weight, or up to about 30
erPdifeY réfatddNo- a%&meﬁbaﬁﬁén ' &)11@1)!%‘?{(%3 5(%1} 130 ctlonahzed

conprising: (a) a thernoplastic resin selec

pfﬂy{b@@@ewtbwé reintrLe?o))sa cyrably (‘@HWOBBI@ selgtted degns, tnallyl cyanulate
t f
BB R Lo S A R raflEmtle Sl bishRlREdrsine resins,

aldQlou{basativh thetdolf SrdqOPflatE Sst@dar Ocomptiseite(cs) a phosphorus salt
poly styrene co-nal ei ¢ anhydri de) s,

hayggt Ui tril e- costyrene- co-acrylate)s,
pon|n1des pol yam dei m des, pol yetheri m des,
pol ysul f ones, pol yet her sul f ones, pol yket ones,

pol y¢t her ket ones, Rol ysi |l oxanes, and conbi nati ons

t hergof ; §Fd (b) a¥lanme retardant conprising (bl) a
phogphor ug| sal t hav ng the formula wherein M+ is Al
M gceurTdce @nR'and R2 is i ndependently Cl-C6
hydrocarb | ; and eagh occurrence of mand nis 0; and
(b2)\a trg ocar byl phosphi ne oxi de havi ng the

strucy ur ewherein R5 are each independently C3-Cl12

hydr ocar byl . One en%odlnent is a conposition,
conprising: (a) a thernoplastic resin conprising a

wRQEH A"k GRE Tt@lt BR'} an 8RR Bh: @1sf |, 2m8 §ek %c%%h% to the identity

comprising alumnumtris(d et yIphosphlnate
oﬁo]lvbaphltm exigxiicte state, @@QlEdcqilrremnet cvﬁ l&thRp trmmdhpm@ently C1-Cis

| di, ph I
AR oA S ERSERTPRE SR R APt g L and () @
phosphine compound selected from trihydrocarbylphosphines,

trihydrocarbylphosphine oxides, and combinations thereof.

The curable composition comprises a functionalized poly(arylene ether). The
functionalize)d poly(arylene ether) may be a capped poly(arylene ether), a particular
type of dicapped poly(arylene ether), a ring-functionalized poly(arylene ether), or a
poly(arylene ether) resin comprising at least one terminal functional group selected

from carboxylic acid, glycidyl ether, vinyl ether, and anhydride.

In one embodiment, the functionalized poly(arylene ether) comprises a capped

poly(arylene ether) having the formula
QU-K)y

wherein Q is the residuum of a monohydric, dihydric, or polyhydric phenol; y is 1 to
100, more specifically 1, 2, 3, 4, 5, or 6; J has the formula
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oxi de, and conbi nati ons thereof. One enbodinent is a

conposition, conprising: (a) a thernoset resin
w@edogossd2 f rom sel ected from epoxy resins, unsPCT/USL086/038500
pol yester resins, polyimde resins, bismaleimde
resins, bismaleimde triazine resins, cyanate ester
resins, vinyl resins, benzoxazine resins,

a [ acrylics, alkyds,

novol acs, resoles,
| dehyde \resi ns, urea-formal dehyde

i socyanates, diallyl
e, triallyl isocyanurate,
and conbi nati ons thereof;

i des,

sal\t havi ng t\Nhe formufa wherein Mi+ is Al 3+
occyrReénce of MR1 and/R2 is independently Cl-C6
hydrocar byl ; and eac ccurrence of mand n is O and
(b2) a trihydrocarbyl phosphi ne oxi de having the

wiBdréHCRUBRORR3arE d2éh M@ RhientS- BRecRdefr@@cthe group consisting of
i ndependent |y C3-C12 hydrocar byl . Anot her enbodi nent

yideogsn chatqassi pritary o seasnianyy-Cie alkvh Gotfer glsayl, Fediinalkynyl,
e b o
CRGb A ThbecR, DRI R ORPREAY | PREVE: et el oy
hyﬂft_d:gﬂ)yhhltyls p:fia(hﬁ hbadbliﬂﬁiﬁmlﬁ_d@@d v(flfegﬂilm tati Ehenywehasipin neoms
e, a | en 0s I ne OxX e, ..
seBfTafe Hen ﬁé%y?;g% ﬁ%@pyw %eno%qa’é%: £ 4he JikshoRprade R apie each

in8PERIGAL L3t B5RAhe group consisting of halogen, primary or secondary
C1-Cy» alkyl, C,-Cip alkenyl, C2-C;, alkynyl, C;-C;» aminoalkyl, C;-Cj»
hydroxyalkyl, phenyl, C;-Cj2 haloalkyl, C;-C;; hydrocarbyloxy, C;-Ci2
halohydrocarbyloxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, and the like; m is 1 to about 200; and K is a capping group selected

from the group consisting of

R14 RIS

- 16
_Y_RIO , \ R12 , and Y R

18 R17

wherein R' is C;-Cy, alkyl; RM-R" are each independently selected from the group
consisting of hydrogen, C;-Cjp alkyl, C,-C; alkenyl, C¢Ciz aryl, C;-Cis
alkyl-substituted aryl, C;-Cys aryl-substituted alkyl, C,-C;» alkoxycarbonyl, C7-Cis
aryloxycarbonyl, Cs-C;g alkyl-substituted aryloxydarbonyl, Cs-Cyg aryl-substituted
alkoxycarbonyl, nitrile, formyl, carboxylate, imidate, and thiocarboxylate; RMR! gre

each independently selected from the group consisting of hydrogen, halogen, C{-Ci2
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In addition to the thernoplastic resin and/or
thernoset resin, and the flanme retardant, the
W@ 09p0%$4312 on nay conpri se one or nore vari ous BAOUS0€838500
known in the art for thernoplastic and thernoset
conpositions. Suitable additives for thernoplastic
AlROIMROGLLY,0Ra ahied; WHE wHein $XRIANiGalerR | o' ©1e6RHSrom the group
Impact nodifiers, fillers, reinforcing agents
cquswstihgdf ng di sc-shaped fillers and fibrous fillers),
nol d rel ease agents, colorants (including pignents and
dyes), thermal stabilizers, |ight stabilizers,

to §xi dant s, /agihesi on proapters, drip netardants/ g1
nt{] bl ocki ng aggnts, antifstlatlic age tﬁr | owi ng I
and L hation f, ' agddit |
for thernpset \conpositions include,j f F xanpl e,

i mpact nodifiers, low profile addit v%; cure age t%@o
hardeners, cure inhibitors, fillers, reinforcing
agents (including disc-shaped fillers and fibrous
I]] ers) bod_ 1 €l e ent fl ow.nodi £ ers _
whigel PR wd Rt Geal SRR Dy sris® BBt g conssting of
hyrlredenl areCs-C b iafdl. sAahiséd tefetn, thotte@xi-dabhlkyl achbrRabd Alkyl
pronntens,(grLﬁaret rdants, anti bl ocki ng agents,
STOHPS substifuted, gdth: que ghanqrphajogen ateing BeldNgapartiplly and fully
hdl e al @t us and techni ques for bl ending
thernopﬁgﬁ?gg @%npositions and t hernoset conpositions

are known in the art. Apparatus suitable for preparing
Int oneremphsidimentcQbs Sedrssilwah wd e phefialy inghuding mlyfingianel phenols,
B Baphur i Xer and single-screw and tw n-screw
m@&b@% %?%&E%Bégﬁgfﬁga%ﬁﬁtable for preparing thernoset
bl ends includes, for exanple, flasks or beakers with
nﬁtﬂanical %i;rring that are used for dissolving the

R8 9

— —n

wherein R® and R® are each independently hydrogen, halogen, primary or secondary
C1-Cy2 alkyl, C1-Cy; alkenyl, C;-Cy, alkynyl, C;-C, aminoalkyl, Ci-Ci, hydroxyalkyl,
Ce-C12 aryl (including phenyl), C;-Cj; haloalkyl, C;-Ci; aminoalkyl, C;-Cj»
hydrocarbonoxy, C;-Cj, halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms, or the like; R7 and R® are each independently
halogen, primary or secondary C;-Cy, alkyl, C;-C, alkenyl, C;-Cy, alkynyl, C;-Cyz
aminoalkyl, C;-Cj2 hydroxyalkyl, Cs-C1» aryl (including phenyl), C;-Cj» haloalkyl,
C1-Ci2 aminoalkyl, C;-Cy, hydrocarbonoxy, C;-Cj, halohydrocarbonoxy wherein at
least two carbon atoms separate the halogen and oxygen atoms, or the like; X may be

hydrogen, Ci-Cis hydrocarbyl, or C;-Cys hydrocarbyl containing a substituent such as
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PPE ol i gomer in a suitable solvent or curable

conpound. MId heat is used tofacilitate dissol ution.
wa\2@qoase2 or rectangul ar pan contai ni ng the reBCTIUS2006/038500

solution is used for coating/inpregnation of glass

cloth via dipping the cloth into the resin solution.

cam?(%rﬁ@ %@Sélﬂé}?ﬂe 'Sﬁcé&?fali'ﬂunf) R%ditAL ddl GRd hf@eﬂ Rhisb %e?}ﬁbé)ﬁulfur

parts of arti one enb I's an article
sulfomyly s@iurgl, anygenf Chiifar alhwhéen@eglc pihioe silqhdtr;dwtg group having a

B ST R N N S ——

in@&PER@SIT/ 1010 dbBuRIDOY petirasly 1813t Al MyreCpteRehbIPabout lty 2; in a
cured state. Technlques for fabricating articles from

prefrepdombodiornp osht iQmay e dheticsidiun ad ageensiydric piprgol. Q may
al$Chd fit res duhfﬁeof: :Wd@{i eftol® 85@103% %'20, ,69 ?Mﬁ 19 A._di henol Q
un ctlona ized aryl ene et ier’)’ r esin. ech
mayohlsd dler the atdid@malof iachigsheholp sudhhay mZth(gthydroxyphenyl)propane
"conpos#%|0n§ i nclude, for exanple, filmand sheet
("sphegel Hnor IB§40ti on nol di ng, gas-assist injection
nol di ng, extrusion nol ding, conpression nolding and-
Inbl)ﬁlé’\’ it odidiéht, Tltfbe pedChSly(RNeRE ctiftrf he pfr&[d&d)fbya capping a
I'm sheet, nol de obj ect or conposite having a
pollse(alsflen@ re@helr)a«;cmslsbmgrpsscmaﬂg of itlee pdyrpediation rprodnﬁtsof at least one
ther s a nmethod. of preparing the
‘n%%¥V' @dﬁ% aw?gtes qﬂg one enbodi ment is -a nethod
of preparlng a conposition, conprising: blending (a) a
t hegéropl astig? resin or a thernoset resin; and (b) a
R dant conprising (bl) a phosphor us salt
havi ng_the/fornul a wherein Mi+ is a nmetal ion or an
oniumgion; \d is 1, 2, 3, or 4 according to the
denf ity of gyl t s oxidation state; each occurrence
of R\and B2 is independently Cl1-Cl18

wherein R® and R® are each independently hydrogen, halogen, primary or secondary
Cl-Ciz alkyl, C1-C3 alkenyl, C{-C; alkynyl, C;-C)» aminoalkyl, C;-Ci; hydroxyalkyl,
Cs-C12 aryl (including phenyl), Cj-Clz haloalkyl, C;-C;; aminoalkyl, C;-Ci2
hydrocarbonoxy, Ci-Cj2 halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms, or the like; and R’ and R® are each
independently halogen, primary or secondary C;-Ci, alkyl, C;-Cyy alkenyl, Ci-Ci2
alkynyl, C;-Cy, aminoalkyl, C;-C;; hydroxyalkyl, Cs-C;2 aryl (including phenyl), Ci-
Ciz  haloalkyl, C;-C;»  aminoalkyl, C;-C;p  hydrocarbonoxy, C;-Cj2
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like. Suitable monohydric phenols include 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
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and each occurrence of mand n is
i ndependently O or 1; and (b2) a phosphi ne conpound
wa@edogotssd2 from tri hydr ocar byl phosphi nes, PCT/US2006/038500
tri hydrocar byl phosphi ne oxi des, and conbi nati ons
thereof; to forman intimte bl end. The flane

cdpBlyM A @R ht est R thGohdddidp Héﬁ@lf Uéuch le ol @BL Iphenol and 2,3,6-
corposi tions conpri si hg a pol y{aryl enée et %
a third category

tripestiydphenelabl e functionality. Thus,

of enbodi nents rel ates to a curable conposition

SR ent A SalATARRIchE SRS SR 5o R DR bapping

resin a’cur
groM@haviag the stroetdld yl i socyanurate, epoxy resins,
bi shal ei m de triazi ne resins,

bi snal el m de resins,
conmbi nations thereof; and (c) a flame retardant,
a phosphorus salt having the fornul a
nmetal ion or an oniumion; dis 1, 2,
gtothe identity of Mand its
each occurrence of RL and R2 is
and each occurrence

and (c2) a

hydr ocar byl ;

and

tri hydrocar byl phosphi ne
, and cdnbi nations thereof. The curable
conposition conprises a functionalized poly(aryl ene
wRérBRr R'1-RFe sftdingth qaaépeﬁe&t ohydrget, eeﬁc?gt h@ﬁ)oc%?rl be,-Cyg
a capped pol y(aryl ene ‘et her a parficular tfype o
hydfrecapgpyéaxypabgixdr yitlee fosmiyk rc)irboaylwien tmidatec tlnmadmxz/ba@b or the
Y (A8 r th
111? IR El@syuln gé&gl%?c{eg&%denﬁ%h dr8 ?1 g L&f %ﬁ gfkyg gurlc?xy, amino,
01Se|tbtct eikef r om GHEphigxy |pleferi?¢ﬂ d caglbmgl dgtou@t hetncludeny herylate
;qgg, nd anhydri

ydrogen) anc?I methacrylate (R!'=methyl, R?=RP=hydrogen). It will
be understood that the prefix “(meth)acryl-” means either “acryl-” or “methacryl-"
In one embodiment, the capped poly(arylene ether) corresponds to the structure above
wherein Q is the residuum of a dihydric phenol, and y is 2. For example, the capped

poly(arylene ether) may comprise a dicapped poly(arylene ether) having the structure

Ql QZ QZ Ql
I = = I
c—-0 (Y), o-+cC
HZC::C/ \ / \ / C==CH,
\R21 R’“/
Q' Q Q Q'

X

wherein each occurrence of Q° is independently selected from hydrogen, halogen,

primary or secondary C;-Ciy alkyl, C,-C;, alkenyl, C3-Cy; alkenylalkyl, C,-Ci
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hi one enbodi ment, the functionalized poly(aryl ene
ether) conprises a capped poly(aryl ene ether) having
wo b@7hesnul a Q J-K)y wherein Qis the resi duunPorf/us2006/038500
nmonohydric, dihydric, or polyhydric phenol; y is 1 to
100, nore specifically 1, 2, 3, 4, 5, or 6; J has the

alkﬁ{y'Iﬂ@@@B%'ﬂ@nS}laﬁ@l a@IdCBgalﬁBSall%ﬁC bl-@fﬁﬁﬁmﬂ&h Yphenyl, Ci-Cia

sel’éct'ed from the group consisting o

heﬂl@ﬂ“@ée k1-Cor hﬁ@noyarbylosacmdd @nﬁlﬁilabhﬁldrabﬁl’yyloxyi wl@tein at least

?%&{ng?l%/ fe%a 3]% é‘l\é% Oogin &%g?%p’za‘ﬁeﬁﬂ noal %%Tfirtiafh occurrence of

thsdh@ap@h&a(lltlgwlcct@ ﬁ@ﬁhﬂag@hpﬂﬁ@wﬁéeb@iﬁmwﬂﬁw zﬂkﬂt Cz Cr2
| east _two carbon at ons s;garate t he hal ogen and oxy

aﬂéw}rscs G lkeylaligte CoiapllymyleeeC @a?élFWY e%smwnoalkyl

RSB IOT AN G0 PRSI DRG] 0B 0RR oy b

hﬂd)ﬂ@l‘qcbxbyﬁky(ﬂzﬁerahji a0 ddakty ,two @ﬁrb@ﬂlZathmdrsapgaatekﬂie halogen and
h

oD S 3t SEArIPLD) Tohds Ssbeatenile do ragss ok gyl cach

o&hﬁ&&e&ﬁna{s%eeﬂéﬂaeﬂtgl p@@@b@mqo@xxg@o GOk PNs WNEructure
ike; mis 1 to about 200; and Kis a capping group

ﬁ%@k@dﬁé@ fromthe group consisting of wherein R10 is
Cl-Cl1l2 alkyl; Rp -R13 are each independently sel ected

fromthe gﬁzpup congl sting of hydrogen, C1- (3:12 al kyl, i
C2-Cl12 alk nyI Co6 C18 arn Cr- EF aIkyI| ubstltute§

——-a-[dj—r— ,and ——(C——
al koxycar bonyl C7 018 aryl oxycar bonyl Cg“ C1 1L
al kyl -substituted aryl oxycar bonyl, C8- c18 o) 24
aryl -substituted

wherein each occurrence of R, R%, and R** is independently selected from hydrogen

and C;-Cy hydrocarbyl.

There is no particular limitation on the method by which the capped poly(arylene
ether) is prepared. The capped poly(arylene ether) may be formed by the reaction of
an uncapped poly(arylene ether) with a capping agent. Capping agents include
compounds known in the literature to react with phenolic groups. Such compounds
include both ‘monomers and polymers containing, for example, anhydride, acid
chloride, epoxy, carbonate, ester, isocyanate, cyanate ester, or alkyl halide radicals.
Capping agents are not limited to organic compounds as, for example, phosphorus and
sulfur based capping agents also are included. Examples of capping agents include,
for example, acetic anhydride, succinic anhydride, maleic anhydride, salicylic
anhydride, polyesters comprising salicylate units, homopolyesters of salicylic acid,
acrylic anhydride, methacrylic anhydride, glycidyl acrylate, glycidyl methacrylate,
acetyl  chloride, benzoyl chloride, diphenyl carbonates such  as
di(4-nitrophenyl)carbonate, acryloyl esters, methacryloyl esters, acetyl esters,

phenylisocyanate, 3-isopropenyl-o,0-dimethylphenylisocyanate, cyanatobenzene, 2,2~
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al koxycarbonyl, nitrile, fornyl, carboxylate, imdate,

and t hi ocarboxyl ate; R14-R18 are each independently
waedgotssd2 from t he group consi sting of hydrogePCT/US2006/038500

hal ogen, Cl1-Cl2al kyl, hydroxy, and am no; and wherein

Y is a divalent group selected fromthe group

' a : up =e

biS QIR A OpIE 0 7 D Allha B e ene, | A-Calpha-

cliyrdnedsi)syraeClaligl 2bmhkigd,. aAd tieedikberaitonatehentl e sabstituted
"hal.oal kyl " _in¢l ud | kyl bst i dwth

e g0 A ers JHPRGT QTS HIoHRPOR AGL NS capped

p@g@gga{éa&tﬁ&)s%&yaeseﬁw%r kRaBh8, §M004l PRA lezs.l $3949188 to

i"duum of “a phenol, 1 ncluding pol yfunctiona
Holoch et &,; 438,848 ¢0 Govessens; i, el 243 04,66 hd0% 14,68t 1d7eand 5,091,480

er ei . r i ent,l en, .. .
P BEGeN, S 7o G a8 Rar oo 37 W20 B Nelissen ef l;
5,30k e90/to Viahelfel & 4!, loyoRy1 704G @Ye?& 8oal; kel Bukdpeas Patent No.
hydr oxyal kyl , C -C12 aryl (including phenyl), Cl-Ci12
2@a57da${§ﬂ Peteesei@2 ami noal kyl, Cl- Cl12 hydrocar bonoxy,
Cl- C12 hal ohydrocar bonoxy wherein at |east two carbon

ARy B SHELGRAT, 00 BT PRl 1S

ether) mathyanoanhydiddm dBxamiiies € sadhkaompo@idCOhludt Karsglknown to the

-C12 al kynyl - C12 ani | kyl, Cl-Cl12. .
ek A a7 Dl Ot ang R o MREERGRUR he eqpnis agents
ddialisedl dbphe. CleftilAaRAhRQR Kaslo coadpdutds MYRIREAFRARANRYle, basic

Cl1- C12 hal ohydrocar bonoxy wherein at |east two carbon
comipeid s Bydipside s#Es 1uelbgtsn sadimbxipgerkide, ongtassipmt hgdroxide,
L ke e -&18 Ly < Gl
ke Bl U080 LGP Bl SRR gl P
amaine dtrietlythakiyel elimathglblentylaraite ndintedigiaylsmineranttke lik&eprtiary

méegl S%lkr{f?—gry?a?niﬁgsl fuarn’d substituted  derivatives  thereof such as

N,N-dimethylaniline; heterocyclic amines such as imidazoles, pyridines, and
substituted derivatives thereof such as 2-methylimidazole, 2-vinylimidazole,
4-(dimethylamino)pyridine, 4-(1-pyrrolino)pyridine, 4-(1-piperidino)pyridine,
2-vinylpyridine, 3-vinylpyridine, 4-vinylpyridine, and the like. Also useful are
organometallic salts such as, for example, tin and zinc salts known to catalyze the

condensation of, for example, isocyanates or cyanate esters with phenols.

In another embodiment, the functionalized poly(arylene ether) comprises a ring-

functionalized poly(arylene ether) comprising repeating structural units of the formula
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sul fonyl, sulfuryl, oxygen, Cl-C alkylidene, or other
such bridging group having a valence of 2 or greater
WO e0r®s$43liz i n various bis- or higher polyphenoP&T/U§20861088500
n are each independently 1 to about 100, preferably 1
to 3, and nore preferably about 1 to 2; in a preferred
epbodi nent, y=n. @ nmay be the residuum of a nonohydric
hepol . Q al.sio| be the resi duum of a diplienol,
icii2as 2,2/, 6 6”-tetranet hyl -4, 4' -di phenol . Q may
¢ residupm of a bisphenol, such as
Qydr oxyphenyl ) pr opane ("bi sphenol A" or
ggbadinent, t he capped pol y(aryl ene
d[ by capping a poly(aryl ene ether)
g/essentiplly of the polynerization product
one nnnohydric phenol having the structure
re each i ndependently hydrogen,
al bgen, prﬁﬂ%wyL of secondary Ci-C 12 al kyl, C1-C12
kenyl, Cl-Cl alkynyl, G -C 12 am noal kyl, Cl1-Ci 2
hydr oxyal kyl , C6-Cl12 aryl (including phenyl), Cil-Cl12
wﬁaieﬁpéabu 1€l fadépAntR Ay Jgen, Glc &2, qu rgqs&y Qﬂ’ﬁ‘lﬁéﬁ{yl gfoup,
C 12 hal ohydrocar bonoxy erein at least two carbon
oraarmﬂsynsfé proupt wherbia thallsersth seovg iorepursented bys, or the
i ke; and R7 and RO are each i ndependently hal ogen,
prinary or sec?pdary C-C 12 alkyl, C1-g 2 al kenyl,
G, - 2 al kyn Cl1-C12 am noal kyl, C1-C12
_hg@ @Jgﬂcj C6 C12 aryl (including phenyl), Cl- G2
Io&zkﬁp CI\-Cl 2 ami noal kyl, Cl1-GCi 2 hydrocarbonoxy,
a

P
S
a
2

m:rgoom|

Cl-C12 | ohydidocar bonoxy wherein at | east two carbon
atons separate the hal ogen and

wherein L>-L7 are independently hydrogen or methyl, and ais 0, 1, 2, 3, or 4; wherein

the alkynyl group is represented by

—<CH2>—CEC—L8
b

wherein L is hydrogen, methyl, or ethyl, and b is 0, 1, 2, 3, or 4; and wherein about
0.02 mole percent to about 25 mole percent of the total L'-L* substituents in the ring-
functionalized poly(arylene ether) are alkenyl and/or alkynyl groups. Within this
range, it may be preferred to have at least about 0.1 mole percent, more preferably at
least about 0.5 mole percent, alkenyl and/or alkynyl groups. Also within this range, it
may be preferred to have up to about 15 mole percent, more preferably up to about 10
mole percent, alkenyl and/or alkynyl groups. The ring-functionalized poly(arylene
ether) of this embodiment may be prepared according to known methods. For
example, an unfunctionalized poly(arylene ether) such as poly(2,6-dimethyl-1,4-
phenylene ether) may be metallized with a reagent such as n-butyl lithium and
subsequently reacted with an alkenyl halide such as allyl bromide and/or an alkynyl

halide such as propargyl bromide. This and other methods for preparation of ring-
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oxygen atons, or the |like. Suitable nonohydric phenols
i ncl ude those described in U S. Patent No. 3,306, 875
wo eooay431and hi ghly preferred nonohydri c phenoP&T/US2006/038500
i ncl ude 2, 6-di net hyl phenol and 2, 3, 6-tri nmet hyl phenol .
The poly(arylene ether) may be acopol yner of at | east

di
DAY WAL PRSBSOS s
N@@L%%gltemt@bmoalconprl ses at |east one cappi ng
group having the structure wherein R1 R13 are each

' d d ] , Cl-Cl18.h byl., C -C18
In P APBE APBOT B P SRS SIPTZER PO eispli  Biogct of
thé meﬁ%ﬁmoﬁlldf ' O}Eﬂff@ﬂﬁé’ﬂeaéﬂ?er ad :lrh&gl-ﬁﬂéﬁmrd%d glrﬁérﬁll 88®Pound

I ndependent | y 'hydr dgen, o%m
mhydﬁdwylroxamcnrbonblr opm@omcke whlop pf e@,éfm@@turaéqsipm@onyl

cofaB R Yrive PrRerRE g T s TGRS 4o G o ke
E}Qﬁlpﬂ@%dﬁ‘f}ﬁlﬁﬁﬂdxﬁ Jfkﬁllboﬂyh CorRp&fnld iric{uti] fb)r@ﬁiamb]:e c1t‘fﬁﬁz[tﬁd and the

either "acryl-" met hacryl-". In one enbodi nen
liken ét@h&p@@w@ahwanyﬁ briécally aried Bt Py IphEaxing thmoly(afylene
[
o Y508 ORNF BT Aol W1 BB to0 1 s

zgpedj_y(aryl ene et her) may conprise a d| capped
pol y(aryl ene ether) having the structure wherein each

S K Al
nglﬁmgt{nﬁﬁpéjf aﬁpq’% &%diﬁ@%ﬁxﬁgg aﬁlgz g@@gﬁl %ﬁh@b’ lvinyl ether,

anldy dnlmdy]db ky|Theph qmyﬁqulm f\(gcugnahab@apquqarylme. @th_gr) resins are
L T RAT T e
a PeYPaNicat Ofthér) WRsihekubstagdd GHU terames @frboxyhc acid groups is
described in, for ekample, 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 Al to
Tokiwa. Vinyl ether-functionalized poly(arylene ether) resins and methods for there
preparation are described, for example, in U.S. Statutory Invention Registration No.
H521 to Fan. Anhydride-functionalized poly(arylene ether) resins and methods for
their preparation are described, for example, in European Patent No. 261,574 B1 to
Peters et al., and U.S. Patent Application Publication No. 2004/0258852 Al to Ohno
et al.

There is no particular limitation on the molecular weight or intrinsic viscosity of the
functionalized poly(arylene ether). In one embodiment, the functionalized
poly(arylene ether) resin has an intrinsic viscosity of about 0.03 to about 0.6 deciliter
per gram (dL/g) measured at 25°C in chloroform. Within this range, the intrinsic

viscosity may be at least about 0.06 dL/g, or at least about 0.1 dL/g. Also within this
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QL is independently sel ected from hal ogen, primary or
secondary G -C 12 alkyl, C2-C 2 alkenyl, C3-C 2
wa@bdogroydzat kyl , C2-C 2 al kynyl, C3-Ci 2 al kynyl aP&piS2006/038500
G-CG 2 aminoalkyl, G-G 2 hydroxyal kyl, phenyl, G-C
12 hal oal kyl , C1-C12 hydrocarbyl oxy, and C2-C 2
rahgd, AVERLRER! \Hyéo@)ﬁy ¥ elip tobohieRS ULIg\Rr ‘ﬁﬁ 8 QB RIOUTBL/g, or

separat e the hal ogen”and oxygen at ons; each oceurT ence
upoto akgutl0.3 dLign Geperaldythe intiinstr viseosity pf ﬁirﬁtmybl;lalﬁad holy(arylene

oS5 VG Rehifci CHRREIR dhubeid iGer R i, &9 eorfesbinding
uﬂmlwt@hmlzeac:?olwa@ﬂraﬂ@ e Rf ifid3e3, tad dnﬁﬁ_%élcl $1scos1ty of a
|ndependent sel ected from hydrogen and -

fupgtipneli %ﬁdbyply(amlén% qtlkerh dVIHag%neeaHYabe | Wﬁhlflaﬂ @Oén 06 ribathef the

TR Yl EHE G OAP S BEILEr o RIBIELRSS b g o

athyasli; heo rfeacidnalizeaf pc&iy(aga&pﬁhekw hh\)t;&(lg_rdjrﬂf}ﬁ'aﬁ ebleular Welghts
Ih, ca n a ents 1L.ncC e Co

oyl NS VSRR Tasy STBE (FPEPPOHPRAR. BRI e R O Boliae. two

furtidha GRPRIAES 1 42CdHES). bS’&dE Hreﬂt@qﬁ&;sb@pgé efédyﬁ@mndmduauy
contalnlng or exanpl’e, anhydride,” acid chlorid

" prepasd and: plaindafuectiewtized pcvls(@tsslmaﬁtﬂeem)c yéhanetveeé.y, esnch blends

hal i radi cal s. n not.
mfy, % SRRt B SRS s TR TAEIR BiSopRim etk e
fuﬁbtlldcnlalhmhgl géht@ appt Bﬁarﬂﬁle N{ polalat@edd &hbﬂ) Qhaydl%jreacted with two
npl es of cappi ng _agents _include, for exa

ca@g@g, Qgeafﬁhyg @ prely(agylens giber) JRRY @p,l‘ggalhﬁ,aqi @p@ reacted with two
urf AL QEcylaﬁﬁLg e@éh{s. In another alternative, 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.

The curable composition may comprise the functionalized poly(arylene ether) in an
amount of about 5 to about 80 parts by weight of the functionalized poly(arylene
ether), based on 100 parts by weight total of the functionalized poly(arylene ether), the
curable compound, and the flame retardant. Within this range, the functionalized
poly(arylene ether) amount may be at least about 10 parts per weight, or at least about
20 parts by weight. Also within this range, the functionalized poly(arylene ether)
amount may be up to about 70 parts by weight, or up to about 50 parts by weight.

The curable composition comprises a curable compound selected from triallyl
cyanurate, triallyl isocyanurate, epoxy resins, bismaleimide resins, bismaleimide

triazine resins, and the like, and combinations thereof. These curable compounds and
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anhydri de, polyesters conprising salicylate units,

honopol yesters of salicylic acid, acrylic anhydride,
woreihaessyt i ¢ anhydride, glycidyl acryl ate, gl yrCT¥E2006/038500

nmet hacryl ate, acetyl chloride, benzoyl chloride,

di phenyl carbonates such as

mgt'hg)ti %11 tl%f{] %gés(p%a)racf%'hb%éatlﬁf)wﬁc{& oy, 1'th tnar ﬁlal exan%ples are

yl oy ers, acetyl esters, ana
co’mmaeiansa pgnyihble.a, ameneaix’awlepb@ﬁydsht&ﬁpyrmyab@npnse the curable

cyanat Qbenzene, 4- cyanat ophenyl ) pr opane)
CORINOHNG HA - ABeY mfhgh%&w@n@ouwé %ﬁyﬁd&hl""ﬂ%@ﬁé’tf Hp¢ yourable

co?ﬁd%'hﬁ@ebas@h loélerl } %@%X \ﬁﬂgr eo ll dfk ﬁﬂét%ﬁﬁie?hg&gga{ylene

ti'tuted t|ve n1xtures
etlelr)g shke aurdbletchmpouret, hod ﬁleoﬂlam@ratnrd@tc éﬁﬁqﬂanl tl;ne lrga(@r theenenble
her%s are descri

com)gun ANOBNLIPEY l?%atag B&ho%@%c,ﬂa{'rtg be vsf}@it g)éf?t l1c=61st eﬁ)out 40 parts

byGﬂélgﬁte N&lso B thidtdngd 186 &urdl8 cothpb@iit dnddunt be up to about
480 to Percec et al.; 5,071,922, 5,079, 268,

90pagis by Gvaght0idips0 shautdPwarts bxieighéen et al .; 5, 338, 796
to Vianello et al.; 6,627,704 B2 to Yeager et al.; and

InEYHRREAD ¢ @fwﬁ@ﬁoﬂgﬁzedzg&yéﬁfzr@ etfcxjé} R% e£1§1 b cﬁ{abltﬁcc%mpound

cappl ng cat st ma e reaction o
thel mumbkme«:bnpmisy(oarophqmmeﬁﬂieeﬂa)m@/wd:thdm c&nch}hdedlai’beve The flame

relgi R gy 8 PP TGO ORE G 2D g LORAINBEE Dt based
orP DGR Phsis ‘B}'t\beléﬁieto’é‘a@Qﬁ'tHQ f@%@hﬁlz‘éﬁﬁﬁﬂﬂ%ﬁn@%’{&) tlae curable

Usef uI erials are basi c conpounds i ncl udi ng,

cogpatpd.candpihig iflameotetrodand Y dhioxthiseraggd, tthe Slaie ra@t@@d aoeunt

t t ni
B8 08B T AR5 'R RO . o
wittheih It ydnga,rth@ﬂamé rdt@idhipl sardunemagbeap by ddoanzy baid teweight.
di met hyl butyl amine and the |like; tertiary

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

o)
M** | -O—P——(O),R!

(O)R?
d

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

structure

30



m xed al kyl -aryl am nes and substituted derivatives
t hereof such as N, N-di net hyl aniline; heterocyclic
wa@piness3szich as i m dazol es, pyridines, and subBCT/U81006038500
derivatives thereof such as 2-nethylim dazol e,
2-vinylimdazol e, 4-(dinethylam no)pyridine, 4-(I
- pyrgol i no)pyridine, 4-(l -piperidino)pyridine,
2- VWTyIpyrldlne 3-vinyl pyridine, 4-vinylpyridine, and
ghe i ke. ,Al so useful are organonetallic salts such
or Bxanple tin and zinc salts known to catal yze
the ondensation of, for exanple, isocyanates or
cya e esters with phenols. hi another enbodi nent,
-the functionalized poly(arylene ether) conprises a

rin i onal i y e eth ) conpri sing
Wl?%ﬁgzh nﬁ'ﬂ rﬁte?‘ﬂi’dflg?pﬁf ‘?‘?E‘ﬁé'%[s? éﬁl WQC? lrul awher ei n each
L1-L4 is |ndependently hydr ogen, a Cl C12 al kyl group,

AIh@ KBPYimBRO1Pa cFabRNc@hpostYdn, ToRkpRisingh e(aﬁid"(lhaﬁ)acrylate-
al kenyl group is represented by wherein L5

capmiemdv@aﬁﬁdm;etmdsdoglmybne witenyesinadl adripleyl gyamuratg, a giallyl
wher e| n_the y 0 e y

el R Sodryip By Weretl 8 (3 ACRLRE BlggPYcomprisng

ahflmlnﬁm 31r133{dlefh,y11ﬂ16§bhdm)el aihchbautplﬁslﬁlﬂnm logideer sdstted Ofrom
25 nol e percept. of t L -L4 tituents

e total u
tripfery oppiHER uPrEEs: o RHYIdimbgn EHBMPPBWI @ﬁ@eetﬂe'?ﬁpmlphosphme
this range, it
RS bR R R L e
percent nore preferably at | east about 0.5 nole

_ Theeingesmion laclnémafmibflmd fallk pensed agmpgpisiony\pliaingdl onicuring the
cuﬁ%le cQ gﬁ&?ﬁ({n Ig%é Eg?%f%ﬁrterdag%mt%thoav En(?\gll Bpthg %&u }ncilu%mg

th@@ial @dting vkl rt)t| wﬁlﬁﬁh’c ah @ldsy rRyting agerp andl bbotochermcal curing,
ring-functjonalized po I
The 111%ent10n aiso 1nclu§es aI'I?lC{e)S/ (fg;n)q/ede %om 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
molding (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
vacuum assisted resin transfer molding and chemically assisted resin transfer molding;
Seeman’s Composite Resin Infusion Manufacturing Processing (SCRIMP); open
molding, continuous combination of resin and glass; and filament winding, including

cylindrical filament winding.

The invention further includes methods of preparing the curable composition. Thus,
one embodiment is a method of preparing a curable composition, comprising:
blending (a) a functionalized poly(arylene ether) resin; (b) a curable compound

selected from triallyl cyanurate, triallyl isocyanurate, epoxy resins, bismaleimide
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ether) of this enbodi nent may be prepared according to
known net hods. For exanple, an unfunctionalized
w@odoyparyt ene et her) such as pol y(2, 6-di net hyl PCT/AS2006/038500
phenyl ene ether) may be netallized with a reagent such
as n-butyl Iithiumand subsequently reacted with an
refihk eBﬁéinatk%hidéet&diﬁﬁ ARird) laMd &)‘hﬁiﬂxﬁﬁm@ntﬁé Bf 1da|(<5y5yﬂlame
hal’i de such as propargyl bromide. This an er
retpedanb onmpaisingr(eDear phosphores sattihaging et foomalai z ed
poly(aryl ene ether) resins are described, for exanple,
in U S Patent No. 4,923,932 to Katayose et al. In
anot her odi nent)\ the ring-functionalized
pol y aryl%fe ether)\is the product of the nelt
a poly

ryl ene ether) and an
M b- ulsatrate@®)gR bonyl conpound or a b-hydroxy
car bonyl clonmpound. anpl es of a, b-unsat urated
car bonyl npounds /i ncl ude, for exanple, maleic
i de, “Eitriconic anhydride, and the |ike.
Exanpl es of b-hydro@y carbonyl conpounds i nclude, for

exanple, citric acid, and the [|ike. Such

wﬁéf@ﬁtMmﬁ l 'n%&%l' R ol or E)Ml% C L) ? i Cﬁ{%' £ P gct:cgﬁ/ g%mtao the identity

m X1 ng

ofcdr ;imlmyd omdamu @tdteareaﬁlb (b(gﬂﬁemc&tchﬂlﬁl m;d Rbauindd dbmly Ci-Cis
bout, 2900C. | n one enbodi nent, the functiona
hygEcathylsyansh gachs orapsrence e inme g i dadependeaty 0 Ohd: fnd (c2) a

phospihdal  f ysig al  grQieeegel ecteggl, f rom
aC|d gl yci dyf)élg{aher Vi nfl etheﬁr%%and rgﬁ'g%lp%sphmes

trﬂﬁmargearbﬂphwaphinarOdem,caan@nmllnrmadnqotbblgppﬁ ity Fogmeaneintimaje blend.
resins are particularly useful in conbination with

TR Al YA PR RS e B RRR e

carboxyllc acid groups is
EXAMPLES 1-4, COMPARATIVE EXAMPLES 1-7

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
25.3 parts by weight of glass fiber having a diameter of about 14 micrometers and an
initial length of about 4 millimeters, obtained as 497-14C from Owens-Corning. The
samples varied in their flame retardant types and amounts. Comparative Example 1
contained no flame retardant. Comparative Examples 2-4 contained increasing
amounts of aluminum tris(diethylphosphinate) (“Al(OPEty);”), obtained as OP930
from Clariant. Comparative Examples 5-7 contained increasing amounts of
allyldiphenylphosphine oxide (“ADPPO”), obtained as from Sigma-Aldrich.:

Examples 1-4 contained varying amounts of both aluminum tris(diethylphosphinate)
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described in, for exanple, European Patent No. 261,574
Bl to Peters et al. dycidyl ether-functionalized

w@eloy a3yt ene et her) resins and nethods for theCT/US2006/038500
preparation are described, for exanple, in U S. Patent
Nos. 6,794,481 to Amagai et al. and 6,835,785 to Ishii

R al d hbkphind Gtige!t C ldt@ﬁiﬂnqm BubbieCaldOR T h
a20% /O ggJ X’ﬁn%o -|10kl vvamw nyl et hler flﬁgﬁll ona zee}:l’ wit

cmm@a&aymcem@ ephesegd ingsitaby weibh€diods for there
preparation are descrl bed, for exanple, in U S

B RS L AR, P SRl s
capped rmﬂjr(a@&nfeo Ethbf);i‘ltﬁakbyle At ainicite ane desst | dh@éd:holf thtﬂ the

Eur o ean Patent No.. 261,574 Bl to Peter :
P@Y(%!i&f ene’ h%r) 5)1 Wi Negbithe él@%wr@daﬁﬁdaemlﬁwsnl@nate) and

alf;@%ﬁﬁ&l?ﬁﬁ%%lﬂ (S)Qd(g‘@@r taadbd Jﬂe MRixed %l@aﬁa{n‘ftgﬁlﬁfg the

fon'on t he nol ecul ar wei ght or Intrins
tewipsrtige tay 96§95 BeThemdte dwabed ghisp fibyr( way ladds! mtdmrm)ed while

nmbodi ment f 0G| i zed pol | .
mapidhe fehoning ot PRerttndindbrbe gEien RV eciist Bogwiony
mixda i loukbibfe %%dsitio%fs weed malRAby denSerrifpdinty £95Ahilfinfeters

in chloroform thin this range, the intrinsic
x 24 eelinfergay 3 585 muillinseters (A®inphenxdé iachey x 8425 dndhessmold,

% 0055l AR SRR B TS T e
the. témﬁd:rétgre @8BS umréa@echbostbpdi) ofe tibingat 1GOAEY a\t'd }gourk he125°C, one

Vi scosit onal i zed

b O 'c}ndvfgwnﬁnﬁ aiﬁ?%Qm g FERHEH it fuf e motd

aleV%Ot%' do¥l &f aBRnf @Jlﬁﬁe?ﬁﬁlrédé\}'éﬁn?lﬂf Ued b@RalI#RE was removed
pol y(aryl ene ether). Specifical the i ntr| nsi c

froinstho gnalg anfl qut fimtactestomtitley é@lwp@ Idy(lq:s}qr@nleﬂemﬂhm)etw Kl12.7
m%?l%%{e?é !xyS PfS }lx\fﬂthrﬂ{e@erg' (85/0 119Jhe 1nchteQ % 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 tjmes 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
five specimens may not exceed 250 seconds; and drip particles that ignite a piece of
cotton gauze situated below the specimen are not allowed. For a V-2 rating, no
individual burn times from the first or second flame application may exceed 30
seconds; the total of the burn times for any five specimens may not exceed 250
seconds; and drip particles that ignite a piece of cotton gauze situated below the
specimen are allowed. “Flame out time (sec)” refers to the average flame out time per
sample (averaged over five samples) in the UL 94 test, expressed in units of seconds.

Flame retardancy test results are given in Table 1. The results show that the
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unfunctionalized poly(arylene ether). It is expressly
contenplated to enploy blends of at |east two
wo moveional | zed pol y(aryl ene ether)s havi ng di PEBUSII6/038500
nol ecul ar weights and intrinsic viscosities. The
conposition may conprise a blend of at |east two
t e
ohig$HEld BIPUE Rl BmPLRAF pf 1% Pt eEReRl ChftRe Tdant,
antuthat itleen @bimbdti@olof (the yplesghatd h;elltsa)nd p‘hd:sphlnat comqjoyand is an

h. bl end b d b
S S R T NI
pb%ggutb%gtﬁq %&ﬁ%gﬁﬂn‘?e E)?an%lEW ’11{ yi Bb% AHPRD), aHRExREple 1 (5.56

reac cappi ng agent’s, or a poly(aryl ene
pbet lvect) ofredl(OREmBt @id ADRPQnall these el swwhe Hotalwamount of flame

unsa ted al k [ n t aI r ive
rolfit: e et B PR BT i 2y e 1Dt deryy LSt p8Concs,
re&@\»fﬁ@y diExagpRt 2-A0femer iIGRFReSthhl Mesflandtairdad estbiastion
hts may be reacted with a single functionalizin

mdﬁf@ n& posgihle tersligynilame Pyt GmesemBredrds Hh s SPEdR UHRe @gPﬁal of
ab%ﬁfy%aﬁéﬁ BoAYs gﬁ? oP T AU BLNT00 ebtsPbf WREH total of

or ‘a ring- tion
ﬁmaiqnéﬁqul]@mﬂa@idneebher)and cutablesiompobad.cur abl e conpound
is selected fromtriallyl cyanurate, triallyl

Tib yanurate, bismaleimde resins, bisnaleinde

Zihe-resins and-—conbi-nationsthereof The—curable
conpositiaon o rE"m%jL' Lokxy s:q;Eﬁfr‘@u qqﬁ’ﬁﬁe C.Ex.5 | C.Ex. 6

TAKE (pbady| ene [et#Bf) || n448 ammudits of| ahbdt b t4d-5Abdut 47.5

M@OPPEptsv)by Wei Zh?2 of 2A& f uncdi.dnal i 263 ppl V& yllend’.2

AKORE®);, (pbased on0100| pari6s by 6 ght tloklal | of & he 0

ADPPOL(bBWR | zed pol y(jaryloene|et her),| the cufald.s 5.26

GRS howand ThesTTlamesrnet ardy . (Whksn [higg 3 anges.s

Flﬁﬁgo{l%ﬁé'on':"zégﬁ 176.7 | 131.7 | 441 1856 | 153.8
(sec)

Table 1 (cont.)

C.Ex.7 Ex. 1 Ex. 2 Ex. 3 Ex. 4
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
AI(OPEty); (pbw) 0 5.56 5.88 11.76 7.43
ADPPO (pbw) 11.1 5.56 11.76 5.88 9.43
Glass fibers (pbw) 253 253 25.3 25.3 25.3
Flame out time 104.3 13.2 5.04 4,18 4.76
(sec)
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pol y(aryl ene ether) anount may be at | east about 10
parts per weight, or at |east about 20 parts by

WoOwiogiot431Al so within this range, the functi onaPCmes2006/038500
pol y(aryl ene ether) anount nmay be up to about 70 parts
by wei ght or up to about 50 parts by weight. The

Pﬂ*l, WéMPA@KMﬁ@Eb@@%PEEﬁWﬁP' e conpound
ected romtrlal cyanurate, triallyl
| socyanur ate, epoxy resins, bisnmaleimde resins,
Thmss rembiples dBustratea fliahdhe esmemglstlamﬁ‘ecthéelmnséateénd the previous
I nat i on f. se ble ¢ oun S,

XERARSORGIS TUPnTh P SRy b g GO Buphetrrs g Bhpohine
coRiPul@N YT HRATIPIRSpIEHE 0L@BTETEPO) Wastithinad |ﬁ©m $ipna-Aldrich.
curabl e conposition ma co ri se the curabl e conpound

Compesitionsovere psdpacgdontol tastedtasglss@ihed @b gy/e wepgpesitions

f r 0

onf e it R PO Sl Eﬁﬁﬁ PR BE ek Cllpheaive

Exoiipddy e-ponfihe mésulanmgamh @hfnbvaﬂiat tied phokphhte Ml hnd phbsphine
range the cur e corrp und anmount may be at | east.

cog@@up& 35 R4 ﬁ{fwefﬁféﬁﬁgﬁ dlamg;retgrdapisa apd tho the 0@61%,5‘53“954 of the

eg¥ an SﬁS’sp‘P{iﬂehéoﬁhﬁdﬁhﬁ i§ Qtﬁgé?(’trefrféﬁl EMERRE Flame retardant.
co oun be 'up to about 90 "parts by wei ght,

Fap rexarppleoCampanaU@@Empls 44y 1.0 [ngtAl((DPiE‘a)i)j iQonerarattyetHxemple

10, {2 ENE arE S AR tisitnle, P58 miS dnsbi A SR el g dpro) a
hatvBéhd éa%[@i‘to[d@taﬁfodﬂt%f IS FetAeght INA\iBe refpetive Aakie out tlmes are
retardant nm resent in an anpbunt of about

4ab Ut 1, 40dpla §6099 snepsgRttivelas Byarapies 80 4pfrther lﬂ}yst\%? gt the
ﬂetngc% ge{tjzirgzgnt CGI%bI nggﬁ hﬂg@g 1}1@8% ROt Adie e%%[r%es 1448 %an 10

e conpou anme retar
secanigasiniztae littleaasel Orpatta by avei ghe iwb flame mayrdlanat mt 10@pgts by Welght

to%@ t;ﬁﬁnlg Qr%?iz\?cigoqy(a}l\yl?eln%hetther)oe{ndacturab?e g’ém}?o%%ﬂt 15 parts
Table 2

C.Ex.1 | C.Ex.2 |C.Ex.3 | C.Ex. 4| C.Ex.8 | C.Ex.9
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
AI(OPEty); (pbw) 0 2.56 5.26 11.11 0 0
TPPO (pbw) 0 0 0 0 2.56 5.26
Glass fibers (pbw) 25.3 25.3 25.3 25.3 25.3 25.3
Flame out time 2254 176.7 | 131.7 44.1 162.5 131.4
(sec)
Table 2 (cont.)

C. Ex. Ex.5 Ex. 6 Ex. 7 Ex. 8 Ex. 9

10

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) 0 541 5.56 5.26 10.01 4.15
TPPO (pbw) 11.11 2.70 5.56 7.43 4.63 10.01
Glass fibers (pbw) 25.3 25.3 25.3 25.3 25.3 25.3
Flame out time 91.1 60.1 18.6 15.6 8.9 6.9
(sec)
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within this range, the flane retardant anount nmay be
up to about 30 parts by weight. One enbodinent is a
wa@odlohss1zonposi tion, conprising: (a) a cappedPCT/US2006/038500
pol y(aryl ene ether) resin; (b) a curable conmpound
selected fromtriallyl cyanurate, triallyl
T;h%%ﬁyaq rate, bismaleimde resins, bismaleimde

J-_.ecw AS-—3A caonbinati + har or\f and ( a

f | ame 1ot o¥a 1al 2 lo a a]:im ZCF\hEP{lUL ,Q iﬁ?ﬂgu ng
TAIGPP) mil a e/]r7e$ n IMi478s | 475 odcudFence dF-5R1] and

$-g
@

MRPRE(pbmdepehdeit? v |G 2T8 hlyd2d&ar byl 27.2nd, eddR

Al@l@Eﬂz)gép‘tne) of ni.2hd n i55880_, aryd3a 11.76 12.50
TPPO (pydn ocar byl pbgsphi g . mxi de ousvi ng §88 sl ruxser O R3

Gl ss%eﬂ@ﬁ% NR$IP grepeach |Q@@perde@§3y 39652

ﬁ‘x@&y' —[AgEATeT! 9%90' BJ ST E9gani e,y
(Sqigrrpos I on, corrprl sing: (a) a (neth)acryl at ecapped
(9 & A v'\l I' [ a

[a%=t or)

Ihasl | Wil nhan a r AY

UI _y\ UITI L Il_y—l T, = 'JIICII_y Cl C1 / ICQI II, IJ/

trlaIIyI cyanurate, a triallyl isocyanurate, or a
conbi nation thereof; and (c) a flane retardant

EXCAONIPLES! 1'59545}!GGMPMATIN$(EIXAI\/IMHH1D§@W nate) and a
phosphi ne oxi de sel ect ed fron1tr|phenylphosphine
oxi de, all dlphenylphosphln?

TheseaeHajImiese %ﬁp%%ﬁaw@aasw Qé| an@lrﬂat&? Psipg ﬁlafsﬁlﬁﬁlﬂé cgypggtion.

L R P, B o B VTS 129 SRR inches by
19@5roen‘gmbtws €5 fattdhes)a;m’qhoastdimmm soldtioln g rewy abé flafifearetapdhnt.
R T TR N A A IR
foP 8180 GB&IHAS Al A fEd#tiwdBycles of dipping the glass cloth, the glass cloth was
dried overnight by evaporation to obtain about 50 weight percent impregnated curable
composition (i.e., a “prepreg”). Laminates were produced by stacking several
prepregs, compression molding for four minutes at a temperature of 150-180°C at a
pressure of 13.34 kilonewtons (3000 pounds), and cooling for three minutes in a hot
press. The average thickness for each laminate was determined using a miérometer.
Average first flame out times and average second flame out times were determined

according to UL 94.

Compositions are presented in Table 3. In addition to components previously
described, the curable compositions contained the curing initiator 2,5-bis(t-butyl
peroxy)-2,5-dimethyl-3-hexyne, and the curing inhibitor tert-butylcatechol. The
flammability test results, presented in Table 3, show that the flame retardant
composition makes it possible to consistently achieve a highly desirable V-0 rating
using as little as 20 parts by weight of flame retardant per 100 parts by weight total of
functionalized poly(arylene ether) and curable compound. Increasing the amount of
flame retardant gives better flame out times. Furthermore, greater flame out times are

expected for thicker samples.
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The invention also includes articles forned fromthe

curabl e conposition.

Such articles can be forned using
w0 b@7mwse:r processi ng nmet hods known in the artPCT/US2006/038500

i ncluding, for exanple, resin transfer nolding; sheet
nmol di ng; bul k nol di ng; pul trusion; injection nolding,
i ncluding reaction injection nolding (RIM; ,
at nrospheric pressure nolding (APM; casting, including
TfhILIVOal and static casting open mold casting:,
up; also incl égﬁ ga Coltadt gl\"diyngx'i‘rﬁcl u ?‘n{? Bx. 17
cylindrical dontdct I (112ng, canprelssi on mpl di ng
TAKe(Rb#Ddng vaduudPBss| st¥¥ resi #04 r ansfl&P mpl di®h dnd 100
MARBRE ¢ei)y agsi $0ed [ esid® t nan$d®r [nollddng] Skéhan' s 100
ATCOPP6SH (bewResi n Dnf ugi om0 Manuf a@t urfi ng1d’r o¢esgiong 10
Tpﬁg@,ﬁ\@ opgn npl di N9, conti nyQus conpp nat i onoof 10
ADPPOT gxmj ot gss; Oano fT@ment ndrng, o ncludigg 0
A T ”'fri"dﬁi” MZAU A S DR R P PP
T Ul IIE:YIt:: ul DQ gl Iulgfég)g 62 i \;;gt@gl %L Ud.IZOS
Lapinals tic dsi t 38n co‘n%orl 3i n’g%r7 bl en@ﬁﬁg a)l-& 1.17
(Mhct i onal i zed pol y( rylenelether) Iresin; (b) a
Averpgaofinst Bampdund2 8el pci28dt oY 9 4 | p0.7cyandiale,| 36.1
outrtingd (sed) | sodyanurate, epoxy resins,
Abéragedeednd derjesiiag, pi sied eijmi d® tr|i adidve 1es3.68, |and.08
fl&pebhnakd ons |thereof | and (¢) a fl anme retarfdant,
(Sgcgrrprl Si ng (gl) a phasphoru< salt having the .fprrml a
UL\/@@ Rk MO+ 1[S &Het | VQ” iy onj urvllon avig I, 2
9, dLLUIUI my to llle IU llllly UI 1Y dllu Itb
gz(t:ol state; each occurrence of Rl and R2 is
ERIEN efl?up..t!" 118 :'E:;AMC‘VEXIQOI&M e:ﬁ".. o"c%r hﬁ 7
i eh Py ;}‘[b Eg‘ . .
TAIC (pbw) 100" | 100 100 | 100 9_]fg'oo 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(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 1.47 145 1.63 1.38 1.48
(mm)
Average first flame 17.0 249 17.7 15.8 14.0 24.3
out time (sec)
Average second 3.24 3.98 2.5 3.8 1.2 6.0
flame out time
(sec)
UL 94 rating V-1 V-1 V-1 V-1 V-1 V-1
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phosphi ne conpound sel ected from

tri hydrocar byl phosphi nes,
w@z200d®$431and conbi nati ons thereof;
bl end. The invention is further
follow ng non-l1imting exanples.

EXAMPLES

tri hydrocar byl phosphi ne
to form an POT/USENE&038500
illustrated by the

1- 4,

COVPARATI VE EXAMPLES 1-7 These exanpl es and

conparative exanples illustrate the flame retardant
synergy of a phosphorus salt and a phosphi ne conmpound
Tabé@dlcjlﬂtimt o the invention. Al conpositigns included
47.5 parts by Ewi2dht] €xi2f|yIE4.26cyabtt @ EXTAS Cl)Ex. 29
TAIOt(gbwed from Dffussa OO pof atliodn; | 2713 part 400y 100
MNETEHL) a etiacr yl ates cappedopoll y ( 005- 100 100
ACHPELIYIeWy 41 PhegyT ene g ner) 3 M PPED) Havirg af 23
o GBI C T ECOYS Y O 2% 12Ut g preRe! ed ackpr | g
NS 3030 SO A S B el A
TAT T —J. (=, g Sy } Ny LARY | LA \J'I‘Clo LY A\~ T VAL Tg
| InifiptrEb%) of hbodt2 14 20 onkt S92 and A0 it AP | hndr2
Inksbites{abiw) 4 ml | 02881 adr 02091 bi 0aB5 a& 269514 9493, | 0205
La@imats th@dmadsng. 1THe ganpbés yari®d in 20%ir fldéte 1.58
(mmet ar dant types and |anpbunt S| CbnpaJative Bxanple 1
Awetdpedirstdthnieo | f 11308 rlet &8danf . 2@npar at.ive |Exarl es 2.8
ouf@mbadedpd i ngreasing anmobunts of al ym num
Avedes GEiaanyT phosphi nat e (™ A BT [2)373k, |obbaigned agge
ARV feom Cl ariant .| Conparptive Exanples |5-7 _
(“gynzalp?thn“(?aS|Eg anggpt§ 9f almyldlphgqy!pposphlne
U7 TN A AT O FALE AN sl 2 G B
al um num tri s(di et hyl phosphi nat €) and
Tahlel%/qcﬁn@henyl phaosphine oxide._ Conplete formil ations
are given i n FaofR 1, Enidlh |c&mpdhentBasdunt Exeipr ¢sSelx-
in parts by weight (pbw). 14
TAIC (pbw) 100 100 100 100 100 - 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEL,); (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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Cur abl e conpositions were prepared by heating at
90-950C a m xture of nethacryl atecapped pol y(aryl ene
cat BCthub2006/038500

w@ten)4311 ri al
unt i |

|yl isocyanura

the poly(aryl ene ether) was
alum numtri s(di et hyl phosphi nat e)
al | yl di phenyl phosphi ne oxi de were
whi |l e naintai ning the tenperature

te and

t_
di ssol ved. Next the
and
added and m xed
at 90-950C. Then the

but yl

TR TS Do, 2900 S TAE LS e
ergxide \'I\';__S_ Eﬁeﬁ: FalEéglén :[T]:X,g:zx E %n 4%‘;3:1% EX' 40
TAKA it ians [wet® d(lQOhy trIg)rqu PFFIIQQLI tleQ 254 100
Mi-PPEpver s % 2500 il | 168t er s 5003, 1751891 | | met® s j(1d00
Al(OPRSS; (pb®) iinchBés X 0.2I25 | nch@s) |nol@s whi cB3was| 20
TpPelisiaied to]|1000C gnd Jg aced 2@ ap oved af 1Q80C |f or2o
A@@P@;S(p’g@,yrs Thep the tgnpefaty e ywas gncreasqgd 1n g
Inttiah npury @ 1% TIWONIPUTS ai 024200 1€ NOYTg,
ToRbitoR b)), o1 b: % OsTTHE 35S o g 5p%: | T dTel ¥vst 46505
L%“é'ﬁ'ﬁfé’r‘al 5SS pvetr grt.E'ilﬂe cu;ie%? %g wag rembved 210
( mthe mold and cut into test FH‘TI("|QQ having
AverpgmbisbAame 27 128 | i{metdfs k #B67 il Lilket pr .96 3.]175.00
outitime (sed)ers (5 i nches x 0.5/ inches|x 0.125| i nches)
Aveaggseaond | e [cuti8 ng s@@6whj cl2.9ad |a th.&nopd 34 ti|ng8.06
flhhadet tinibe fllame ret|ardancy| of tesf articlges was
(segt erm ned ac¢cording to Underwitel's Labojatory UL 94
UL ®alrapiocedure. yvior [a V= rptiyng, mno wodi v| duglp burnv.o
rTmes fromthe first or second fiaire appiication nay
Tﬂ@??@'on}? seconds; th? t ot al of t he burn ti mas for any
rTvc SMYTUI IICIID ||a 1TU T 1TU all
parti clpes t hat Ef‘g e'Eg‘ %?e ;Jf cot 5n2?3ga 344tu ati @y
hel ow t he
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
Al(OPEL,); (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
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speci men are not allowed. For a V-I rating, no

i ndi vidual burn tinmes fromthe first or second flane
wapprioestt on may exceed 30 seconds; the total PETURE06/038500

burn tinmes for any five speci nens may not exceed 250

seconds; and drip particles that ignite a piece of

cotton gauze situated bel ow the speci nen are not

allowed. For a V-2 rating, no individual burn tinmes

omthe first or second flame application my exceed
Tab[?i@ﬂ%q he total of the burn fines for any five

speci mens may BotbeycBad 50 Etet®nHsEx A [drE%H 50 | Ex. 51
TAI&YGpbed es that §109ni e H0Gi dce 100 cptt bl gauzel09i t uat €00
MAEPREMibiwd speci dn ar el@ | qwed00" F| ank0out| ti19e ($ecl00

ANOPELY (bow) he ayerage hkamg ouh tipe per sfanplee 20

TRRYBJpdg€d OVET hive [Sangl eg) ijp [N Ubg94 [Teshy 20
Aﬁf‘l"’(')?ﬁ’% T UTHO[b of—sgconds 5 anme bﬁ't al ddllﬁ,(y rest—,

T A BN WGA AR o M AR P
Infiprt 3¢ oot 0205 592031 A, 0205 | P AE0onar 9ags | 0.205
La@ﬁ%ﬁgﬁﬁlﬂ@ﬁﬁ bt 1eHe phokphatle 3dBt ano?-%osphilr@ 1.90
(msmnpound is an extrenely eflfectivel fl ane rlet ardant.

Avreoagedisinfings | Cdrar at | W& EXanpl7€@ 4| (11651 [pbw.70 0.88
ouAlifneREdc?) 3) , | Conpar ati ve EXdanpl e 7| (11. 11 |pbw ADPPO),

Aaidhelsesnd e L (6 |pbmzadh oB3Al [ OARRR) 3 an®oADPPQ) 94
fladld o@ufe t he| sane total angunt of flame retardant, but
(sdcye respectiye flanmg out tijmes are| 44.1, 104.3, and
UL 94 fuBECOTOS] TSPy | BXEpRT BS et T | ¥0

ot o + +
ractc Ial. C IIC I I atffe—t Cl. atf UO.II €oh l.I O—1haKeS

T.{ ssjble to achieve flane out tines onthe order of
%%’2&33@5 us about 2 rts by weight of
aﬁx- gér | 100 Sgar t EXb¥* wei Ehw

flane retard EXt ot ot B
functionalized poly(aryleng ether)|andScurlabl &
TAl§hipbwnd. 100 [ 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100
Al(OPEty); (pbw) 20 20 25 20 0
TPPO (pbw) 20 20 25 0 20
ADPPO (pbw) 0 0 0 0 0
Initiator (pbw) 2.02 2.02 2.02 2.02 2.02
Inhibitor (pbw) 0.205 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
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Tabl e 1EXAVPLES 5- 14, COVPARATI VE EXAMPLES 8- 10 These
exanples illustrate that the synergistic effect
waleowsstsnat ed in the previous exanpl es i s al soPpObUstnea3ss00
when tri phenyl phosphi ne oxide is used as the phosphine
compound. Tri phenyl phosphi ne oxide ("TPPO') was.

arfdP8 3l
prepare

goélf O'RCF%@T%

L hAEdiedl irf @sAti

and tested

as des

cri

"g%% %éf)g@léc.as reflect two

in&cpqud@lttdetﬂnmlramdns eﬁlhb tresudts shpw e¢banthe dmaunT ablflem2 retardancy
of Conpar ati ve Exanpl es
that the phosphate salt

and phosphi ne conpound are bot h midly effective flane

rel

aded Rt ehohd

wedhh

fedride)

tﬁe uIt

Tawé ar dants, and that the conbination of the phosphate
salt and pnosp@xn%c:m@,gqng " Ex 230 XTEENg! Y Bt C”A‘E‘%. 30
TAI(:it 3 )il :l,u_“ I/HUI_D- L D?xﬂhp:lt;;I lp dlll be [.Xd,\ ?141 100
ADPEGRY) - o 1 a0l “”M’jw‘m 08 P 0 AN (0
AKQEEﬁZ W}|| I halnz he IQ\ t ot QI a;rmuHQ m‘ fl\lgmz " 12
TPRO fplyant . but tHe rnspé@t e fi0ame| outOti yes 18re 12
ADEPO.(pbw) 1, and 08. 6/ sedbnds, r@specti Yel y| Ex@nplles 0
InBiatel (pbw) her |i | R0t r at €.@2hat] the2f | jane.02et ar daez 2.02
Inbibiter (pdk)on makesos t | poses bl e gawsachi @ves f | ameosut| 0.205
Lihie® thiRtest [[anog secanps usipgsas| Thig7 efas; ¢P parigo
(nlﬁi{) wei ght of |flame retardant per 100 parts by wei ght
Até::wo GIGINAEISA S8 RSB i RSN 4 e
%EET‘T VE BXAVPLES| 11-17 The‘%§4exanﬂrogl estP? be t AEl
flam paf es IIQI no-the lcurabhl e
Agg,m,lpﬁﬁz 5.8x10° [ 5.4x10° | ~ - - -- --
Avg. Dfat 2.4 GHz - - 4.5x10 | 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(OPEty); (pbw) 20 18 23 12 12 25
TPPO (pbw) 20 15 23 12 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) 0.205 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 4.23 3.97 4.16 3.99 4.04
GHz
Avg. Df at 10 GHz - -- -- - -- -~
Avg. Dfat 2.4 GHz | 4.4x10” | 4.6x10° | 43x10” | 4.8x10” | 4.3x10° | 5.3x10°
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Lam nates were prepared by inpregnating glass cloth

(17.78 centineters (7 inches) by 19.05 centineters
w@ 2005/0i43¢ches)) with a tol uene sol ution of
m xing the resin solution for

flame retard
30 m nutes,
15- 30 second

Tai)llﬁh%&.o )he ?

ant . Aft

er

r esi PCEON2006/038500

the resin solution was heated to 65 0OC for

S.
I

fa nhf sn

n—about

50 \Anl

nayr o

After two cycles of dipping the gl ass
ass cloth was dried overn|ght by

|npregnated puﬁ%ﬁﬂe c&ﬁbé§iti8ﬁEFi.e F"gs"or%bﬁ@g')Ex37
Lam nates were produced by gt acki several prepregs
TAhpbwssi on ol Hidhg |f orl00oun nmi®lt gs d00a t endi¥r atjur €00
MaAFPRBpbE0C pt BOOpr g€ssui0é off 1B0®B4 ki 166 ewt onkO( 3000100
AIPOPBE})(pbwnd| cogbi ng forsthiiee gn nutespg n g hod presy
TPHRE (R age fhi g(ess Fp§ eqch § amnafg was dgher m neg
Aﬁ?PB?@W’m Cr I'ATEI S /-\veroage Il r@[ 1 ra ou TTATES dlluo
PN DR ML Yk I S igo v s A0 A M IR I X
b BipLORNY |, bt msn R o0 2lbe o A aL) 0:205 | 0205
Lagun#e thieness he %1 aljl e 2c8npdsi2fons céfai hed 4he| 1.50
(W) ing initiator 2. 5-bis(t-butyl
AyeDhat)l02, 5-di net hyl|- 3- kexyme, -and |t he--cur| ng-- --
GHahi bitor tert-butylicatecholl. The f{l anmabi|ity test
AVEBM 42,4 present vy ijn Ball e|3,4.6how thag thesfteame 3.80
GHgt ardant copposi tign nmakes|it posgible to _
Au&?@ﬁh?i@ﬁﬁby achievg a nghlly desifabre v-praring
| -3 AU -5 Hb I -3 3
ATbigpardant per 4%%86 r?gg'% meld%t t %a#l of #5X10” | 4.2x10
.UHUL.UHQ..Z e “o.y(aryhene ether—and—edrable
THREOREL £ o1 fLant cut tinbe Eurthermore. o estor
flame out tieBx-@8e | Ex.39 | Ex.40 | Ex.41 | Ex.42 | C.Ex.
15,
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 at2.4 4.35 4.42 4.41 4.16 4.12 4.39
GHz
Avg. Dfat 10 GHz -~ -- - - -~ --
Avg. Dfat 2.4 4.4x107 | 4.5x107 | 4.6x10” | 4.7x10” | 4.8x107 | 4.9x107
GHz
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expected for
3 cont. Tabl e
wore@soussd2 f or

t hi cker
3 cont.
sever al

sanpl es. Tabl e 3Tabl e 3 cont. Tabl e
Dielectric properties were

of the | am nates.

constants (Dk) and dissipation factors (Df) were
determ ned at the specified frequencies according to

Baker -Jarvi s

J.,

Janezic M,

Ri ddl e B.,

D el ecP@T/US2006/038500

Hol | onay C ,

ulter, N., and Bl endel | J. NI ST Techni cal Note 1520,

‘Ta e nd Conduct or-lLoss—Characterizati-onr—an

Measur enent s| off-BPedt rEKnﬁﬂ DaE&;ﬂ‘ﬁ rn%@r_ .48
TACAphwhd 3. 2, 2)1002001. 1M8sul t s18 e |pr é8&ntled 08 Tab| E00
MA-PRR@bage vial udd rdf | 460 two 10edendBdt 100 100
AI(BPE® JYi(piay) ons. 2Fhe res?d t s|shaw t Hat 25he anmoRhmt of 0
Tpfplcﬁ(mwr)et ardancys does nmpy changg the disel ectregs of 20
AD yratre” Tgpre 4|a§fe 4 Copit. Tabl'§ 4 [conk, e
Im‘uaé%; b‘éx?)',}“m ¥ DT ee T ‘fb‘z""' ”‘2'0?5{i D52 19 B2
Inlﬁ ﬁq)r qw qc:;l ;U'u '; hQQ ‘,52“ 0&:2 A 205, (Z%}r;:mﬁ 205
Lagyppte fuskpgscht d-4fay |be 150bst i th?%d 0 ST 2.78
(mier eof withput departing fdomthe qr‘npp t he
ANgnDkratilOn. I1n addi tijon, -many nodi fi|cat-ons| may" be | nade
GHn adapt a plarticul arsituation or material|to the
Adgedthitngis of | t Rl nyen#i20n W the@t |deplodt i ng4fdcomt hel7
Glgssential sclope therleof. Therefore,| it is |ntended
A‘Iﬁfag p@egmventlon not n?hl [ Iﬂm ted to tne part L.C\l:ll ?r; -
Avégaﬁf ?r out ?‘ﬁg ;0)3‘ vjéAZﬂQ); 4bﬁ‘[10tjha{6 B 5 P bid-8x10”

GHz11 includel all enBodinents falli g W fhl n_the s¢ npp

of the appended clains. Al ranges disclosed herein
Tahleet (caulusi ve of the endpoints. and the endpoints are

conbi nabl e W tBx.@fch dxhéh. | Ex.51 | Ex.52 | Ex.53 | Ex.54
TAIC (pbw) 100 100 100 100 100 100
MA-PPE (pbw) 100 100 100 100 100 100
AI(OPEL,); (pbw) 0 0 20 20 20 25
TPPO (pbw) 20 20 20 20 20 25
ADPPO (pbw) 20 20 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 2.86 1.60 1.90 1.50 1.60 3.14
(mm)
Avg. Dk at 10 -~ - - - - -
GHz
Avg. Dk at2.4 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 | 4.3x107 | 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 patticular
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Al'l cited patents, patent applications, and other
references are incorporated herein by reference in
wWo b@7n4esnt i rety. The use of the terns "a" and PenUSzE038500
"the" and simlar referents in the context of
describing the invention (especially in the context of
.the foll ow ng, clai be constru tQ cqve
sty Snaatirty of 45 SReBhob Mo TrvERt 0yt b fom the
esdeRdhlCRbps tiedof] Theref@tciand ytand kiaflitled BeedionGRD beXimited to
Further, it should further be noted that the terns
the pyrigylar emedipient diselasedasehe bRyt medecsantamplpted feferrsting out
Al
th1§r141¥\§%¥1g§ dbué?ﬂﬁgﬁé & %tﬁn)dél %fﬂpﬁ{ci failo%@;c%dg %&tg ?ﬂ%@/ﬂh¥ the
scdpeaifitiadieadstipsaintsi on, conprising: (a) a
functionalized poly(arylene ether) resin; (b) a

ur abl e,,.conpoynd .sel ected.fro tr| c rat
AIf Fiftp s fSRe iin aree meGisine, Of £ Fadpolits it ggboints are
Coﬁlgﬁiam%,wﬂ% simlfidn de triazine resins, and conbi nations
. thereof; and (c) a flame retardant, conprising (cl) a

horus salt havi ng the forrmula wherein Mi+ is a
Alﬁ@{g{) gtemms, natenh apmiicaiensomnd gthesreferences gre igeorporated herein by
[ identity of Mand its oxidation

refg{e%?ée?ltgglcr:%&l&@ﬁrrence of Rl and R2 is independently
Cl1- C18 hydrocarbyl; and each occurrence of mand n is
Thiende pdrible téring "@" and Tan"aand '(th?) aral s;jimdiapi'dfﬂents omploelpehtext of

desca 1encgt &1% 1I1\r/e?1tc?o}1 r(é:s?) c1a1?}$: a ﬁ?Pé c%qul‘%ic’( o% &16 following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein
or clearly contradicted by context. Further, it should further be noted that the terms
“first,” “second,” and the like herein do not denote any order, quantity, or importance,

but rather are used to distinguish one element from another.
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tri hydrocar byl phosphi ne oxi des, and conbi nati ons
thereof. 2. The curable conposition of claim1,
wob@reia31it he functionalized poly(aryl ene et herpCT/ESB06/038500
capped poly(arylene ether) or a ring-functionalized
pol y(aryl ene ether); and wherein the curable conmpound
CﬂA, lected fromtriallyl cyanurate, triallyl
I Socyanurate, bisnaleimde resins, bisnaleimde
triazine resins, and conbi nations thereof; 3. The
1. cur ab¢vralde npuopodiiian campasing:m 2, wherein the
functionalized poly(arylene ether) is a capped

p aryl.ene et he havi,ng .t he structureQ J-K),
(a)\ﬁﬁjgi{é}%g{??%&q‘fﬁéryi‘gélgie@ﬁ}}rﬁgs‘d’?’ a monohydric, dihydric,
or polyhydric phenol; y is 1 to 100; J has the fornula

(bwhereble d3enpbd Releaed fvac tidlyl epsneed) iyl ab@ghedatt goxy

t he_group consisting of hydraogen, hal ogen, primary

or
resfise bﬁgﬁ)}s}jm@k:_ @i@lsﬂbiﬁvpl’eh@ge tigeing KSHP| andcgorghpations thereof;
@l kynyl, C1-Cl12 aminoal kyl, C1-C12 hydroxyal kyl,
phenyl , Cl-Cl2 hal oal kyl, Cl-Cl12 hydrocar byl oxy, and
C2- C12 hal ohydrocar byl oxy wherein at |east two carbon
(c)atftmse sepdadt @niphisingal ogen and oxygen atons; R7 and RO
are each independently selected fromthe group

onsi sti ng of .hal ogen, primary or secondary Cl1-Cl2
(01§|a@p§pfe§%(§fg hayhog A8 forfila 5 Plyny T CL. C12
am noal kyl, C1-Cl2 hydroxyal kyl, phenyl, Cl-Cl1
hal oal kyl , Cl-Cl2\hydrocar byl oxy, and C2-Cl2

hal ghydr ogar byl oxy\ wherein at | east two carbon atons
separate ghe hal ogan and oxygen atons; mis 1 to about

M2+OO gﬂd_ -——(O)le

(O),R?

wherein M®" is a metal ion or an onium jon; 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 Ci-Cig

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

(c2) a phosphine compound selected from trihydrocarbylphosphines,

trihydrocarbylphosphine oxides, and combinations thereof.
2. The curable composition of claim 1,

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;

3. The curable composition of claim 2, wherein the functionalized poly(arylene

ether) is a capped poly(arylene ether) having the structure
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is a capping group selected fromthe group consisting
of wherein R10 is Cl-Cl2 alkyl; Rl R13 are each
WO pdepensdent |y sel ected fromthe group consi stPemusio06/038500
hydr ogen, C1-Cl12 al kyl, C2-Cl2 al kenyl, C6-Cl1 aryl,
C7-C18 al kyl -substituted aryl, C7-Cl8 aryl-substituted
CK%% yl, C2-Cl2 al koxycarbonyl, C7-Cl8aryl oxycarbonyl,
2Ci 8 al kyl -substituted aryl oxycarbonyl, C8-C18
aryl -substituted al koxycarbonyl, nitrile, fornyl,
wheainbQxy thet residinmi dditaemomohydtidyi dilyario psny palyleydrivpheRil8y ag & to
each jndependently selected fromthe group consisting
1m53$ﬁ§ﬁ?gﬁgﬂﬁahalogen, Cl-C12 al kyl, hydroxy, and
am no; and wherein Y is a divalent .group selected from
t he, ggoup consj sting of wherein R19 and R20 are each
' sel ected fromthe group consisting of
Cl-Cl2 al kyl. 4. The curabl e conposition
cl aynr3\wher ei n is the residuum of a nonohydric
is 1. 5} The curable conposition of
I'n @ I sfthe resi duum of a dihydric
is 2. 6] The curable conposition of
rein the functionalized poly(arylene
I hg-fungtionalized poly(aryl ene ether)
eatin tructural units having the
formul a wherein each L1-L4 is independently hydrogen,
an al kenyl group, or an al kynyl group; wherein the
whadekeRfllangrlb% pre sachemdesmdersly kpledtat diom K gibuprensisting of

hyc%{; geil,pﬁaﬂ%qne nte lpﬁmg}/ydgros%ce:gnd%rry HE&PZyallkyl,aaquiaz a{II%eng)rl, él' ’_Cé 'alks},lhyl,
Ci-Cop aminoaikyl, C1-Cyp hydroxyalkyl, phenyl, C;-Cj; haloalkyl, C;-Ci2

hydrocarbyloxy, and C,-Cj; halohydrocarbyloxy wherein at least two carbon atoms

separate the halogen and oxygen atoms; R’ and R’ are each independently selected
from the group consisting of halogen, primary or secondary C;-Ciz alkyl, Co-Ci2
alkenyl, C2-C;, alkynyl, C;-Cj; aminoalkyl, C;-Ci; hydroxyalkyl, phenyl, Ci-Ci2
haloalkyl, C;-Cy, hydrocarbyloxy, and C,-Cj, halohydrocarbyloxy wherein at least
two carbon atoms separate the halogen and oxygeri atoms; m is 1 to about 200; and K

is a capping group selected from the group consisting of

) ) o R4 RIS
Rll
Y
_— 16
—Y—RI | —\g_Rn ,and Y R
13
R R 18 R17

wherein R'? is C;-Cy, alkyl; RM-R' are each independently selected from the group
consisting of hydrogen, C;-Cip alkyl, C,-Ci, alkenyl, Cs-Cis aryl, C;-Cig
alkyl-substituted aryl, C;-Cs aryl-substituted alkyl, C,-Ci, alkoxycarbonyl, C7-Cig
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the al kynyl group is represented by wherein L8 is

hydr ogen, nethyl, or ethyl, and b is 0, 1, 2, 3, or 4,
wan@7msiei n about 0.02 nole percent to about P&T/IB1086/038500

percent of the total L*-L4 substituents in the

ri ngfunctionalized poly(arylene ether) are al kenyl

B g, 0By B oy B OTF ]

alketherdonyk sitrile; Gonpryil sesbadylate amtdatn end Sriodaraixylate; R1“-R '8 are

funcgtional group selected from carboxylic aci
ca) JOPRRpCLbTRSrocteh R (e e SRhe gy fedéifogen, C-Ci
auegln, Q{F@fo&y,tehﬁ AMhEDIR WIRFBRUNE LOVREASRSuREIERA Homhé Broup
. The Curabl e conposition of claiml, wherein the

comsigtigigiobnal i zed pol y(aryl ene ether) has an intrinsic
viscosity of about 0.03 to about 0.6 deciliter per

gramat 25C in chloroform 9. The curable conposition
focyaim1l, qogpxising apauty 5 to aut\ 80 parts /Joyr!®
Fg t of th§ ggégfionali d\ pol y( r%‘e e et her)
on 1 by ' ot,a S ,and
unctional iz | y(aryl &ne /et her) ng curabl e
19!

C
conmpound, and the flane retardant. he curabl\e $m
conposition of claim1, conprising about 20 to abbu
95 parts by weight of the curable conpound, based on-

g VARWY : t ' lJ.zed -
whbih PET AL R M 0, iy gl Rl MO 8 6 eongising of
hydidogerearrde® aCdatityl.11. The conposition of claim1,

wherein Mi+ is an oniumion. 12. The conposition of
4. 8} alfﬂel ’cur\%]l%r (e:(l)IplpCI)\éti‘t-{OI{ of aclerlrllrer} %l, whetein- e(‘I‘sF %ﬁle frgsqg?lulncl) " a
monohydric phenol, and y is 1.

S. The curable composition of claim 3, wherein Q is the residuum of a dihydric

phenol, and y is 2.

6. The curable composition of claim 2, wherein the functionalized poly(arylene
ether) is a ring-functionalized poly(arylene ether) comprising repeating structural units

having the formula

I, = CH-L
— O I S
L CH,—L*

wherein each L'-L* is independently hydrogen, an alkenyl group, or an alkynyl group;

wherein the alkenyl group is represented by
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magnesi um cal cium alum num antinony, tin,
germanium titanium zinc, iron, zirconium cerium
Whr@mosds 2 stronti um nmanganese, |ithium sodi UPET/US2006/038500
pot assi um and conbi nations thereof. 13. The
conposition of claiml1l, wherein Mi+ is Al 3+. 14. The
conposition of sclaim 1, wherein each occurrence of Rl
s iqﬂipendently Cl-C6 al kyl. 15. The
__g of claim1l, wherein each occurrence of Rl
|s nékh | or ethyl. 16. The conposition of
cIa|n1 wher&'n Mis alum num and each occurrence of
m and ﬁ‘ls zero. 17. The conposition of claim1,
wherei n the phosphorus salt is al um num
whbfeirSI U] Bib yhdrpesdhilp ayebogen 8 mEihgl, andrpas0,ti, N3 ofr 4 Ivdiersin
1, conprising about 5 to about 95 parts by weight of
thetaffenghgrepnisrerresenfad bshased on 100 parts by wei ght
total of the phosphorus salt and the phosphine
onpound. 19. The conposition of claim1, wherein the
h@§ icre—ganpqgifnd conprises the
rocar byl phosphi ne, and wherein the
trlhydrocarbylphosphlne has t he structure wher ei n
R3- R5; are each i nde endently 1-Cl h
wherein by BB S RGRCBhb Of ethals ding galls@wlp %nézﬁln é{@e%?ﬂn about
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whereln the tri ocar osphlne I's selected
functionalized poly(arylene ether) are alkenyl and/or alkynyl groups.

7. The curable composition of claim 1,

wherein the functionalized poly(arylene ether) resin comprises at least one terminal
functional group selected from carboxylic acid, glycidyl ether, vinyl ether, and
anhydride; and

wherein the curable compound comprises an epoxy resin.

8. The curable composition of claim 1, wherein the functionalized poly(arylene
ether) has an intrinsic viscosity of about 0.03 to about 0.6 deciliter per gram at 25°C

in chloroform.

9. The curable composition of claim 1, comprising about 5 to about 80 parts by
weight of the functionalized poly(arylene ether), based on 100 parts by weight total of

the functionalized poly(arylene ether), the curable compound, and the flame retardant.

10.  The curable composition of claim 1, comprising about 20 to about 95 parts by
weight of the curable compound, based on 100 parts by weight total of the

functionalized poly(arylene ether), the curable compound, and the flame retardant.
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fromti phenyl phosphine, allyldi phenyl phosphi ne,
di al | yl phenyl phosphi ne, triallyl phosphi ne, and
wa@eoiomstiz ons thereof. 21. The conposition of BCHUA2006/038500
wherei n the phosphi ne conpound conprises the
tri hydrocar byl phosphi ne oxi de, and wherein the
tri ' I derdA tructure
11'\/\/r1e||riﬂ)e§ig E&ﬁ -%%%fﬁggﬂ%}%}é%g%eﬁ y(;}%il-ﬁégluhydr ocar byl ,
with the proviso that the trihydrocarbyl phosphi ne
120xi dbe hempetitidrealtlaini %, whetbimrMat i@msmetaéi.on'shbcted from ions of

coqﬁosition of'clain121t.wher%in the . titani . .
magneylr SESPBY | PROLH IR, s SLTEUEy iy, 2inc, iron,
zirkdrii@heostupd) bR Estradtiut, GhalRemst P ERN | dEi@Xi fhRassium, and

di al | 'yl phenyl phosphi ne oxide, triallylphosphine oxide,
combipac@nsihaieds ons t hereof. 23. The conposition of claim

1, conprising about 5 to about 95 parts by wei ght of

t he hirne. ¢ , @ 0 parts by wei ght
131otgﬁggiggﬁgﬁgﬂgg%ﬂggggvsgﬁﬁg%ngL%ﬁé phosphi ne

conpound. 24. The conposition of claim1, conprising
14aboiihe lcompositiont of40laprar .5 wirgreimeiegétt oofurtdnee fafaRe and R’ is
. retardant,, based on 100 parts by weight total of the
H“%Bﬂ%??@%é?Ffé@ygoly(arylene ether) resin, the curable

conpound, and the flanme retardant. 25. A curable
15.CONTIAS cbmPesitiGOOPElafn NYivhé@in Each appattnee oy Rarayll ®tds methyl

ether) resin; (b) a curable conpound sel ected from
orgtaylal |yl cyanurate, triallyl isocyanurate,

16.  The composition of claim 1, wherein M is aluminum and each occurrence of m

and n is zero.

17. The composition of claim 1, wherein the phosphorus salt is aluminum

tris(diethylphosphinate).

18.  The composition of claim 1, comprising 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

phosphine compound.

19.  The composition of claim 1, wherein the phosphine compound comprises the

trihydrocarbylphosphine, and wherein the trihydrocarbylphosphine has the structure

R*—Pp—~R*

5

wherein R*-R’ are each independently C;-Cy, hydrocarbyl, with the proviso that the

trihydrocarbylphosphine has at least six carbon atoms.
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bi smal ei m de resins, bismaleinmde triazine resins, and

conbi nations thereof; and (c) a flane retardant,
wa@empnisinga phosphorus salt having the fornul BCTWIS2086/038500

Ml+ is Al 3+; each occurrence of RL and R2 is

i ndependently C1-C18 hydrocarbyl; and each occurrence

of an : S : o
2001 8550 PECRRP G Ly ipnoppin sl
fromher enpheBS}pIRSSMIm each;ildi;ilmmt;ﬁemﬂlm,CS @dRylphenylphosphine,

r.b | e conposition, conprising:

wigl PR g ey Re e dheel

pol y(2, 6-di nethyl -1, 4-phenyl ene ether) resin; (b) a

21171 ghé YomBYAAH 8f Blaird 1L Wh@llehﬂ/{he'p?l@@@iﬁﬁ%v‘é(ﬁhﬁounﬁrcoﬁlpnses the
conbi nation thereof; and (c) f'l ane retardant

trileydpqsatbsphgsphiinaonidm end siherein hlw pitosprsarhaipdipspivee gxide has
ne oxi de selected fromtriphenyl phosphi ne
1h%£%@¥a% al I yl di phenyl phosphi ne oxi de,
di al | yl phenyl phosphi ne oxi de, triallyl phosphine oxide,
andQconbi nati ons thereof. 27. A cured conposition,
co Fising the cured product of the curable
R [ tyjaon of claim1l. 28. An article conprising the
conposi tion of claim27. 29. A nmethod of preparing a
cupgsle conposition, conprising:blending (a) a
funetionalized poly(arylene ether) resin; (b) a
curabl e conpound sel ected fromtriallyl cyanurate,

wHefei?RPYE 4rs Qﬁc}fﬁﬂfdéﬁ’én@entfypgﬁmgr ByidrbSubyl %ffﬁltﬁng}ldif?so that the

resins, bismaleimde tricazine resins, and co nati ons
trlhydeqcerbmphosphme oxide has at least six carbon atoms.

22.  The composition of claim 21, wherein the trihydrocarbylphosphine oxide is
selected from triphenylphosphine, allyldiphenylphosphine oxide,
diallylphenylphosphine oxide, triallylphosphine oxide, and combinations thereof.

23.  The 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.

24.  The composition of claim 1, comprising about 1 to about 40 parts by weight of
the flame retardant, based on 100 parts by weight total of the functionalized

poly(arylene ether) resin, the curable compound, and the flame retardant.
25. 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
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and (c) a flane retardant, conprising (cl) a

phosphorus salt having the fornmula wherein Mi+ is a
woredoalo443on or an oniumion; dis 1, 2, 3, or 4PCT/US2006/038500

according to the identity of Mand its oxidation

state; each occurrence of RL and R2 is independently

apﬁ%’%’%ﬁ“gx“?ﬁﬁ%,%f??ﬁﬂg each occurrence of mand n is

ependent and (c2) a phosphi ne conpound
sel ected fromtrihydrocarbyl phosphi nes,
tri hydrocar byl pho§phi ne oxi des, and conbi nati ons
t herfeof ; ©®o formay intimte bl end.

M | -O—P——(0)R!

O),R?
d

wherein M%" is APP*; each occurrence of R' and R? is independently C;-Cig

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

a trihydrocarbylphosphine oxide having the structure

wherein R>-R? are each independently Cs-Ci; hydrocarbyl.

26. A curable composition, comprising:

(a) a (meth)acrylate-capped poly(2,6-dimethyi-1,4-phenylene ether) resin;
(b) a triallyl cyanurate, a triallyl isocyanurate, or a combination thereof; and

(c) a flame retardant comprising aluminum trié(diethylphosphinate) and a phosphine
oxide selected from triphenylphosphine oxide, allyldiphenylphosphine oxide,
diallylphenylphosphine oxide, triallylphosphine oxide, and combinations thereof.

27. A cured composition, comprising the cured product of the curable composition

of claim 1.
28.  An article comprising the composition of claim 27.

29. A method of preparing a curable composition, comprising:
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blending
(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

M* | O—P—(0),R! |

(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 C;-C;g

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

(c2) a phosphine compound selected from trihydrocarbylphosphines,

trihydrocarbylphosphine oxides, and combinations thereof;

to form an intimate blend.
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