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POLY( PHENYLENE ETHER) THERMOSET COMPGCSI Tl ONS FI ELD OF THE | NVENTI ON
5o This invention relates to curable pol y(phenyl ene et hQW&er noset
conposi tions. BACKGROUND OF THE I NVENTION 10 Thi

i nvention relates to curable pol y(phenyl ene ether) thernoset
conposi tions amenable to melt form ng technilques including sol ventl ess
| npregnation of a fibrous reinforcenent, solventless filmformng, resin

and sol veni res st aniahiieRENyLENS EaFfiR TREBMOSET Caf ofBioNS =

properties, 15 mnmaking themideally suited for applications, such as
printed circuit boards, encapsul ating resins and the |ike.

The manuf act ur eFBL.0 & HAENVIENTION: circuit board industry initially

i nvol ves the production of fiber reinforced prepregs (i.e. fibrous

rei nforcenents inpregnated with uncured or partially cured resins). Such
20 prepregs are typThisl invehtiyrer redates dice wueable o pbig(phehglctel @nﬁmsrﬂt trervdiseh
ultimately serve as g _.base for electric circuitry. Thus in the
production of |ERMRAHENS.| npregnation of a resininto a fibrous
reinforcenent is a key initial step. Generally this process involves

di ssolution of a desired resin coqgﬁfition into an inert organic solvent to

25 reduce resi BAGKGROUND idTHE IDVENTION f i ci ent saturation of the
fibrous reinforcenent. The inpregnated reinforcenent is then heated to
volatilize the solvent and partially cure the resin m xture. \Wereas
this nethodio s generBhibyinventionsiethtes tarutalsie upsly(phenylene ktier) Nbetinbsst t
board industry, it has sone . . . .
compositions amenable to melt forming techniques including solventless
impregnation of a fibrous reinforcement, solventiess film forming, resin
transfer molding and the like. The cured compositions are flame retardant
and solvent resistant and exhibit excellent electrical and thermal properties,
15 making them ideally suited for applications, such as printed circuit boards,
encapsulating resins and the like.

The manufacture of laminates for the circuit board industry initially
involves the production of fiber reinforced prepregs (i.e.  fibrous
reinforcements impregnated with uncured or partially cured resins). -Such

20 prepregs are typically layered and cured to form hard laminates which
ultimately serve as a base for electric circuitry.

Thus in the production of laminates, impregnation of a resin into a
fibrous reinforcement is a key initial step. Generally this process involves
dissolution of a desired resin composition into an inert organic solvent to

25 reduce resin viscosity and allow for efficient saturation of the fibrous
reinforcement. The impregnated reinforcement is then heated to volatilize the
solvent and partially cure the resin mixture. Whereas this method is generally
used to manufacture prepregs for the circuit board industry, it has some
significant disadvantages. These include 1) the discharge and disposal of

30 large quantities of solvent, 2) the production of voids in the prepreg as a result

of incomplete or inadequate volatilization of the solvent and 3) the energy and



sfgnificant di sadvant ages. These include 1) the discharge énd~disposal of
. 30 large quantities of solvent, 2) the production of voids in the prepreg

as a result of inconplete or inadequate volatilization of the sol vent
and 3) the energy and : - 2-
time required for solvent renoval. These &hvi ronment al , quality and

efficiency issues could be addressed by an effective solventless process.

The need to el Nt Ug! 19 SBIVARRT hdlelt! ©PTRSI RN ARRRaN28ubfi99 and

to the devel opnen resins amenab 0 a solventless process

processi ng eqeffipenty issuesteduld beyadufresdestisy ap effestivieosdivéntiess process.

rei nforcenents. U S, Patent No. 4,866, 134 and Japanese Patent No. (B2)
H2- 23326 di scllfeeario elipinate; Eé’ﬂpesq?ﬁ'ﬁﬁ inprepred SaAtaciurg has lead
2,2-bi s(4-(3- 10 the HevBloPitletty ol -ra¥ineX WRieHANIE ) a3 selvainle8sOBRRIBLL) gﬁgpa“e
i) styrene and i1ii) . curing catalysts which are delivered to a Tibrous
gl ass rei n§ or peorassinghequipmentiiferedelivery £f dhese sesins to dibrous reinforgements

b o6ess. Fur t Hapr atent 8 EBas 1o, Enc” JebkBese APHR CRe. (50 94593436
descri be procelmh efsolrjntehe p@eegatal i oﬁonuhlaiibbsomm%singeiimf OQ,Qetlle@Lf @-with
epoxy resins in a nce of solvents... ere significant
advances i n t REVRMQRGRRURRYBIORRYER - SIOToPhEmRPP AR ) SheppRad dds
for prepreg maiih@ddtagstanRichcsm ditarel @8 fibrous 61438 GathmidfcrRént BR4! Y
focused on conpositions containing essentially nononeri c conponents to

produce | a9 ndtrectiy layesed japd eyredhwitiiganstugtive copper egter tayerstaupradiceer s
PSooei ot i | ' e O SE |
ond el oot 11 caPesstodTadifateddiol SonfRINIT bIARRS. Furtheliyge, O BERA 1EET™

pol yepoxi de c5MI8:599 and 53492,782 rdeseribg Iprocessesdedttienimpregnationadfefibrous
I ndustry. There }s therefqre a need,.far tgg\é%%s)i n& a’sol vent| ess process

for t he FRIQQSHRENT YHIn PRt esNs8 01 solvents.

Pol y(phenyl ene et hgyherdalt YSIBAMCEHRt RRIVAREEY | inC oE OfdvididtheH ebfUlsotventiess
printed circuit board applications, have been described in U S. Patents 25

5, 218, 030 1andCYMB9sitipns affircAceRses) fas Brapied MAnUACtyE RRYmBAGN shedethesy s
‘;rglngf Lona' i Zgﬁﬁ%%bgg'_ﬂ | phfaRiyP B8Yded” S PorRposition®! dortaiild C8sdrliy
: monomeric components to produce laminates classified by the National
Electrical Manufacturers Association (NEMA) as FR-4 grade. Compositions
with improved thermal and electrical properties such as polyphenylene ether
20 containing polyepoxide compositions are increasingly utilized in the laminate
industry. There is therefore a need for developing a solventless process for
the development of prepreg and laminates.
Poly(phenylene ether)-polyepoxide-polyvinyl compositions useful in
printed circuit board applications, have been described in U.S. Patents
25 5,218,030 and 5,352,745 which disclose the use of poly(phenylene ether)s
functionalized with allyl or propagyl groups or by melt reaction with maleic
anhydride.
U.S. Patent No. 5,218,030 describes the use of (i) a poly(phenylene
ether) containing allyl or propargyl groups, (i) triallylcyanurate or
30 triallylisocyanurate, and optionally (iii) a flame retardant, or (iv) an antimony-

containing auxiliary flame retardant. However the cured resin composition in



. U'S. Patent No. 5, 218,030‘ descri bes the use of (i) a poly(phenyl ene

. ether) containing allyl or propargyl groups, (ii) triallylcyanurate or 30

triallylisocyanurate, and optionally (iii) a flame retardant, or (iv) an
ant i nony- containing auxiliary flame retardant. However the cured resin
conposition in -3- - 3-

each of these exarrpl es exhi bits poor solvent resistance, so that the

'S Patent NG0B, Gahe3axEmirs 8280l SO0k SplE reeiance. B thih bsckirable

sol vent resis é’fﬁiﬁ@%o@%@éﬁ@hﬁ&r&)ﬁb@arﬂ% libihs0! ecul ar wei ght 5
functionalized poI &Ehenyl ene ether) resin ([err] = 0.30-0.56 |V PPO

prf)d_uced o thro Rsdenti ‘?‘@ 6;35 %45)#‘35*%%@@ l@@bﬁ@ﬁ@b@tﬁl@ﬂétm@n ympraved
ol y( phony endoBient sesisiigR iy, b, Yerloraick By | #860 # MiBA°BRodter waight | ce

\tI)M th, (ii zjst r ifahdtidnajiaed! rpaty{plmenyicl-me etherpiresihi (aaemwozﬁﬁew FIF?(D) peoduced

rom nat e epo sin, noyol ak res a e ca ,

produced fl arré %@Q rm' 3§19 HOZ&(PE?Q}?I?"? é’s‘%‘ﬁé ‘M@'éf pleic anthVﬁ"@%e
duct f

production rlutRp otc(i rt HirkaOfsH \Aﬁtt'foﬁu% lEEpolyg&%ﬂ\gnh {eﬁ%ﬁ&l he ﬁ(PPFF) with an

functlonallzatlon of the resin rou
ext rusi on, to unsaturateid eaeldsobt‘/eracuﬂ esAnhyaidel awi’lh.at 69 i tmzﬂyicyaaurate or

addi t i onal it which ,i.f

ol i i nat od, wiRyRerPARRIEE: g rophRatedfandRy S (LaBUAER PEeint 668 ¢
Advances haveabm m st. cpwdub‘ed Ham@emmmahdtﬁo!\férmrr%ustant resingrybyidl and
sol Vent resi stan et her) - po Vltﬁlﬁ ~gol y . curabl e
conposi ti ons. t'@ si fP""Hﬁg Lfg@f‘ irc bmement of
appl i cations W@r%{iohﬁlnié{wéﬂﬂé“’[’@trégﬁ with ﬁ\aléa'b |ahh?ém%‘ thRfd?jPﬁéﬂYu hae of
melt 20 grafting of naleic anhydride) of the henyl en€ ether) raw

mat eri al . achievei salversfesistantilamingies umﬁartsm addttign@lplewei of compéexityo
t he devel
el oot "ot e, ey odkis. Wl ff SR WU SHEF, 1418, re

devel opnment o resls po y
et her) t hasnosffidientgprboesall ati ons anmenabl e to melt for m ng techni ques

Tt has sur pr i Si ngi NBBBRET CORVE { PR oS, HOWEGIpASt ¢ REFEOBBIREI S rfeme
retardant and solvent resistant poly(phenylene ether)-polyvinyl polyepoxy
curable compositions.' However the compositions useful for circuit board
applications require functionalization (i.e. allylation, -prepargylation -or-meit

20 grafting of maleic anhydride) of the poly(phenylene ether) raw material.
~ Elimination of this functionalization step is critical té the development of a
more efficient process. Furthermore, the development of flame retardant and
solvent resistant poly(phenylene ether) thermosetting formulations amenable
to melt forming techniques such as solventless prepreg manufacture have not

25  been described.

It has surprisingly been found that by using compositions comprising a
low molecuiar weight poly(phenylene ether) (PPE) in conjunction with an
allylic compound, a brominated epoxy compound, and at least one of a curing
agent(s) or curing catalyst(s) for the epoxy and vinylic components, which are

30 well suited to melt forming techniques such as solventless impregnation of a
fibrous reinforcement, the compositions so obtained are both solvent resistant
and flame retardant with excellent thermal, electrical properties, and



| ow nol ecul ar wei ght pol y(phenyl-ene ether) (PPE).in conjunction wth an

. allylic conmpound, a brom nated epoxy conpound, and at |east one of a curing
agent(s) or curing catalyst(s) for the epoxy and vinylic conponents, which
are 30 well suited to nelt form ng techni ques such as sol ventl ess

| mpregnation of a fibrous reinforcenent4-the conpositions so obtained
are both sol vent resistant and flame retardant with excellent thermal,

el ectrical properties, and _ ) . .
- 4- di medignensionaltsiabifity; y Theesinceompesitipns have g additional advintagmal

advant age B |d -0 [ AT
pr efuncti onal igg%/f%%&ygg% . tﬁgistpicg‘l %ﬁh‘@ﬁg:}g\gbgﬁ%‘ﬁ@ Q‘%&v"'ﬁ%@ﬁ"?’.’%ﬁ&

cur abl e conposthei poly(plenytdneeether) ravhavaténal. ihiengurabieacarhpesitions degeritbéess
prepreg manuf act ure, %l el d the C rre? Of}?%l ng_envi ronnental, qualjty and

efficiency bendfif JSE FLIPLRCY SOVENEHED REPIHhManu ac{dreSL)fWﬁR &F
THE | NVENTION codéspondin environmentﬁhgi)%ﬁ@ﬁ 8Rd efffbietly ehetied é_&éﬁbéd)t@su?h

curabl e pol y(phenyl ene ether) ( cont ai ni ng "conposition anenable to
mel t formng teMPAPSYIERS. such as sol vent | ess prepreg nmanufacture. The
conposition conprises a PPE having a nunber average nol ecul ar wei ght
of from about 3,000 to about 15, 000 g/mol, at least one allylic
conpound, at |SYMMARY OF THENINVENTION epoxy 15 conpound and a mi xture of
a brom nat ed and non-brom nated epoxy conpound, and at |east one of a
cure catalyst and a curing agent. ° Anot her aspect of the present
I nvention ovides a co Inkd i 184 ' gﬁg?ﬁ{

aver age m)lwecul ar_wei gh{m g?b??éfgté%\ga&t%%ldtg% g%%%%l %ggwﬁl}%% g mﬁr) at

| east one al | yiRREkeapaining cempositionareanable tegbel foroning techniques, sich ame
e onins <2 Stinddld peptid e sfitine “MoTammgsteFLAhBhAI R YL e
a number average molecular weight of from about -3,000 to -about 15,0600
g/mol, at least one allylic compound, at least one of a brominated epoxy
15 compound and a mixture of a brominated and non-brominated epoxy
compound, and at least one of a cure catalyst and a curing agent.

Another aspect of the present invention .provides..a .composition
comprising a PPE having a number average molecular weight of frbm about
3,000 to about 15,000 g/mol, at least one allylic compound, a brominated

20 epoxy compound, at least one of a cure catalyst and a curing agent, and a
reinforcing material.

The curable compositions of the present invention are generally flame
retardant and solvent resistant. They exhibit excellent electrical and thermal
properties and dimensional stability, making them ideally suited for electrical

25 applications, such as printed circuit boards.



-retardant and sol vent resistant. They exhibit excellent electrical and

. thermal properties and di nensional stability, making themideally
suited for electrical 25 applications, such as printed circuit boards.
- b- DETAI LED DESCRI PTI ON OF THE | NVENTI ON A preferred
enbodi nrent of the present invention provid§§ a conposition wherein the

PPE conpri ses from about 2% to about 60% by 5 weight of the total

conposition, t ' ri ses f rom about
40% t o about é@@?ﬁ#‘%ﬁ%@%’wﬁb&fﬁW‘ n, the at |east one
of a brom nated epoxy conpound and a m xture of a brom nated and

non- brom nat ed epoxy conpound conprises from about 0.01%to about 40%

by wei ght of the tobalPre siambedimany &f thespresest ofnventior upsovides| st
or the 10 curji | €S ﬁﬁ?’é % u j of
t he total éd@ﬂ%@%ﬁ% ivgl%@ik ?%r {J f%‘ér)@p?r e%?eaaén%%%parr%%t bﬁg@%gﬁ%w

conposi tion \/\mé?hﬂ of the tdlBEcorAposition ey atleastigre ratiyie cbmpovad Bumprlisdses s
t han about 10, 000, the preferred PPE_ bei ..
pol y( 2, 6- di metfigm-about 408n {0 ahauleBdisr by melqhsm%ﬁ tptal compegitien.rife-atileast

, 4- phenyl ene-cQ-.2..3,.6 | < - :
preferred enbo |%ré)§ta B&%@ﬁé@é%&%%@rf@ﬁ%%ﬁﬁ%ﬁ%w a b’%‘?"é‘%@%{]“z{é’
conpound is a mnbratiinatddiepoxyf campoond catrisbs fpheabbutad.0d% to abgly40%y |
ether of. a brom nated nultifunctional phenol, the preferred

bromi nat ed corfpoWeIgM&f Hie totel sampraitien:and é‘f'@%‘t‘?%%ﬁ’i‘@ Bire srtalyst or the
2,2",6,6"-fet r&IFﬁa:?hé(éérﬁ’gém&is@'sgP&hrﬁ%& 0] ARE &Mt 694 bﬂ \Péigﬂl pﬂ&dmtal
phenolic 20 resiH. or conposi'tions conprising reé&lnforcing

mat eri al s pr efecompokition. Adutibeli prefdrsed embridimenmtiirotidemaadmamposition evhadroint

S Yt I BEE S, syl eas GRS B el o M b SRR Rab0 e
ne o or e MRS 0e BERY itfe Bl R ebaRerlink oY of Bt
or the curi ng digethyl{i,4phebplane@oed, 3%-trimethplt,43Enylene ether).
1s Another preferred embodiment provides a composition wherein the
brominated compoﬁnd is a glycidyl ether of a brominated bisphenol or a
glycidyl ether of a brominated multifunctional phenol, -the -preferred
brominated compound being a glycidyl ether of tetrabromo bisphenol-A or
2,2',6,6'-tetramethyl-3,3',5,5'-tetrabromobisphenol, or a brominated phenolic
20 resin.

For compositions comprising reinforcing materials preferred
embodiments comprise PPE from about 2% to about 60% by weight of the
total composition, the allylic compound from about 5% to about 65% by
weight of the total composition, the brominated epoxy compound comprises

25  from about 0% to about 40% by weight of the total composition, the at least
one of the cure catalyst or the curing agent from about 0.01% to about 10%
by weight of the total composition, and the reinforcing material from about
10% to about 75% by weight of the total composition. The preferred
reinforcing matedal is an inorganic materal or organic material, more

30 particularly E-glass.



by wei ght of the total ‘conposition, and the reinforcing material from about

10% to about 75% by wei ght of the total conposition. The preferred

reinforcing material is an inorganic nmaterial or organic naterial, nore 30

particularly E-gl ass. - 6-

The PPE conponent of the instant invention-t§pically conprises at |east one

of a plurality of structural units represented by at |east one of Formnul as

P I B N I R VAR VA aq.gVH:E ] . . . [err]

o e component of the instant inverption, fypically comprises at
least one of a pluality of structural units represented by at least one of

Formulas |, i, Ill, IV. V, and VIil:
o? Q'
a? Q'
5 (1)
R @ @ (
R @ @
(1)

Qe

(1t

10

N(R h

Q’ C<R )

see

(V)



“wherein Qerr] and Jerr] independently represent hydrogen, -hal ogen, alkyl,
.oaryl, m xed al kyl -aryl hydrocarbons, al koxy, or thioalkyl; Rerr] at
each occurrence i ndependently represents hydrogen, Cerr] alkyl, or
Cerr] aryl; Rerr] at each 10 occurrencg is independently hydrogen, or
Cerr] alkyl, preferably a (Jerr]-Cferr] alkyl, n represents an
I nteger from-about 1 to about 5, and mrepresents an integer from
about 5 to about 100. PPE as used'Q?gthe present invention is
general ly prepared by oxi dative polyneri? Jan. A vari ety of catalysts
can be used for the 15 preparation of PPE_s via oxidative polynerization.

[l lustrative exanpl es of catal ysts § e that contain at |east one
heavy metal such as copper, manganesy cobalt. A preferred catal yst
system conpri ses a copper cont ai ni ng . Illustrative exanpl es
of such catalysts are as di scl osed i . tent Nos. 3, 306, 874,

3, 306, 875, 3,914,266 and 20 4,028, 341, R} € I ncor porated herein by
r ef er ence. The PPE conponent @epre€ent ed py structural Formul as
[l and [I11 generally are produced by reaction of a pol y(phenyl ene
ether) with a (V) -8-

di phenoqui none. Reactions between PPE s and di phenoqui nones. yi el di ng
i ncor porated bi phenyl ene units of structures Il and IIl can occur during

— —

02 o‘

A'——o0- o—t—

s (Vith)

wherein Q' and Q2 independently represent hydrogen, halogen, alkyl, aryl,
mixed alkyl-aryl hydrocarbons, alkoxy, or thioalkyl; R' at each occurrence
independently represents hydrogen, Ci.io alkyl, or Csio aryl; R? at each
10 occurrence is independently hydrogen, or Ci.5 alkyl, preferably a C4-C;o alkyl,
n represents an integer from about 1 to about 5, and m represents an integer
from about 5 to about 100.
PPE as used in the present invention is generally prepared -by
oxidative polymerization. A variety of catalysts can be used for the
1S preparation of PPE’s via oxidative polymerization. lllustrative examples of
catalysts are those that contain at least one heavy metal such as copper,
manganese, or cobalt. A preferred catalyst system comprises a copper
containing compound. lllustrative examples of such catalysts are as
disclosed in U.S. Patent Nos. 3,306,874, 3,306,875, 3,814,266 and
20 4,028,341, and are incorporated herein by reference.
The PPE component represented by structural Formulas (I and Il
generally are produced by reaction of a poly(phenylene ether) with a



pol ymeri zation or in subsequent processing steps. St ructural
-unirts of Fornula IV and V are often observed in 5 poly(phenylene ether)s

prepared by oxidative polynerizations carried out in t he presence of
an amne, preferably a primary or secondary am ne, using a copper or
manganese containing catalyst. Preferred afe structures wherein R err]

I's hydrogen and Rl err] independently represents a (Jerr] al kyl. Nunerous

conpat | bi |1 7at TEhEnaaARRUE, BeaRfurl BEReAT BWE S AR Blrhel®uineres vigino
plurality of Siht:uqiauawd bi]iﬁes\ylene unftsF@frrsuhamrdaé/ larechdV il agardi ceus séstin

U S. Patent Nos éw 94, A4, 4 7,651, and 4,517, 341, i ch
are i ncorporatB‘ﬂYﬁ@P@?ﬂoer in SUbSPSPEP @gessmgseps Ot her PPE pol yners

useful in the pr eseg;mb@y&gntd g |0@clp6@|,ﬂu]g10wa gﬁu@t V15arear, efnormrpé(d in

oxi dative copol ynerization o henol's, illustrative exanples are

2, 6- di met hyl pmaiy(ptmwlezesetheth mphsﬂcbb&rmndatavsupnlyme@gahqucermdeout in
generally cl asgi fi

(o6 di mot by - DepERafiSe B g amiveg pectprably agiimary or sscopdany AgYRgcUinRdr ) 5.
These materi aléop‘p"e? dmaian hﬁeb@\oentwmhgrcauh@rss Preferréd ars istriucturbs wiesrairur es

t han pol y(2, 6-djnethy| -1 he%I ene et eri and are 20_ expected to inpart
t hese properh@ ‘?d‘%@g?fbﬁﬂdt Jndege Y FeRIgaents 8 C1-10 a"‘Ynch‘%@EPUS

within this cl fer { goﬂw&?

of a phenol suc as QZR%% rrétﬁﬁl%ﬁ eﬁ a bi unct {\d Mg‘u%% wn

g f2 bi ts(3 1%d|mmtmpeeaagydb@dy@mgmo)sﬂmpa@mnp@smg plurqimooﬁsh'uatural umts .
Itunctional p | re
by addi tion of S, FBtrude IV, and V., 85 gl RRLEGed ! XS, fegetl FIE%E Q84 BRBvded
i n the instant4,002084, of47WeS1casnd 4512@@1?1 tw!muhnaﬁeemctﬁpomd vigsreir)byal so

be produced by direct brom nation of a preformed PPE, they may al so be
prepared by pd®ff€AF¢ation of an appropriately hal ogenated nononer or

copol yneri zati on OfOﬁférq’FﬁEﬁﬁgﬁﬁeé%séwﬁ iR tﬁ@%r@%ntr‘iﬁ{?&i‘fﬁfn mEb(ﬂb%bséXﬁéW' es
of such processes woul d include hormopol yner i zati on

3, 4- di br oni- 2, Fediorped \bypigative eapolyrperization of phenols, illustrative examples are
‘Sgi‘l ed i nCOp%,%EEHéWIbW&AM tdhe?- 535 thhBMypHRl. DY STRANTdHoRMeisC Sre
generally classified as poly (2,6-dimethyl-1,4-phenylene-co-2,3,6-trimethyl-
1,4-phenylene ether)s. These materials are known to have higher glass
transition temperatures than poly(2,6-dimethyi-1,4-phenylene .ether), and.are
20 expected to impart these properties to the resulting thermoset blend. Also
included within this class of polymers are those produced by copolymerization
of a phenol such as 2,6-dimethylphenol and a bifunctional phenol such as
2,2-bis(3,5-dimethyi-4-hydroxyphenyl)propane, so as to produce a
bifunctional polymer.
25 Brominated derivatives of PPE's, prepared by addition of bromine to an
organic solution of the PPE, are included in the instant invention. Whereas
such brominated derivatives may also be produced by direct bromination of a
preformed PPE, they may also be prepared by polymerization of an
appropriately halogenated monomer or copolymerization of said monomer
30  with another monomer. Typical examples of such processes would include
the homopolymerizaton of 3,4-dibromo-2,6-dimethylphenol or its



the art. For the purposes of this invention, |ow nolecul ar

. Wweight PPE' s are desirable. PPE s used in the instant invention
typically have an intrinsic 5 viscosity of between about 0.07 and about
0.29 dl /g, as neasured in chloroformat 25[err]C. Further preferred
PPE s have intrinsic viscosities of b&ween 0.09 and 0.20 dl/g. The .
PPE s useful in the present invention have nunber average nol ecul ar
wei ghts of between about .1, 0Q nd about 15, 000 /ol , and preferably
bet ween about §?B®‘M"‘£ﬁ’&até%m“?‘l ?GBG’%V‘WB%e%é %Omeﬁt@égiﬂoéﬂ‘ I8y oge skilled in
permeation chr gy@iAgr aphy. Anot her net hod of making | ow
nol ecul ar weight PPE' s is redistribution of a phenolic conmpound (i.e.

a compound cont ai ni frgr dbe |peupesasnef Bhisnioveation, lowhpdieswar weight)PPE's are

encting with dempbiey RPEY UskACRoiE iRaRaC nvERRd Hkicaty hakBRAR il o
end groups:s viscosity of between about 0.07 and about O[2¥ rd/g, as measured in

Vi wherein Alerr] is err}:-C&err] aryl, optionally substituted with
Clerr]-Cerr] ehiprofogneat Pg&Fer pahey ipreferred BPE's Thavpeintrjnsig pisopsitiasi of

err]-Clerr | kyl rr]s I I ;. thi errl-Clerr.] aryl,
g[[err} -g[[err} g?we%&[ogu#%ﬁ[ﬁ d%ﬁ'ﬁ%?ﬁgﬁu@#ﬂ‘%ﬂ%hr %‘%Y@téﬁ BRRi ¢
hydrocarbon; andmber aReegRMh6ledllar weightslo? @etwédroabdutt 080 and about 15,000
Typi cal conpounds represented by Fornula VI

met hyl phenol , @/molxancharefepably mwﬁsnl, aboy. ggﬂ%ﬁ@nggagwfgg?fﬂ%dmoz,aﬁ 6-
ooy I To okl B befhatiatien et o 2o 2 20
hydr oxyphenyl ) pr opaAepthe2 nisthod o4 ataking low Bratetutar weight/ PP 'oisaedistritytion
nyar okyphenyl ) Sy 81 PRSI EOMESd BieChs Bimnosn-centpining, of Ishsh e Phenotis
bi s(3, 5- di br onfydroltyld gaupplrepidskateeh bpeFormita (K- ity the proserite bieinhagent 30
2,2-bis(3-allyl-4-hydr,oxyphenyl ) pr e, 2,2-bis(2-t-butyl-4-hydroxy-5-
el honal ) rapanié ofaebbung wih(a BHE Bbe4 ) oanstate wbeRo FAIGHSAGERE:
15  phenolic end groups:
attou|
Vi
wherein Al is Cg-Cyo aryl, optionally substituted with Ge-Go-atyl, Gr-Goo-aliyl,
C3-Coo alkoxy, thio Cy4-Cy alkyl, Ce-Cio aryloxy, thio Ce-Cip aryl, Cs-Cio aryl
20 sulfonyl, or C¢-C2o mixed aromatic-aliphatic hydrocarbon; and n represents an
integer from 1 to 5.
Typical compounds represented by Formula VI are 2- or 3- or 34-
methylphenol, 2,3-xylenol, 2,4-xylenol, 2,5;xyleno! or 2,6-xylenol, 2,4,6-
trimethyiphenol, 2-methyl-6-allylphenol, 2- or 3- or 4-methoxyphenol, 2-
25 methoxy-4-allylphenol, 2-allylphenol and bisphenols including 2,2-bis{(4-
hydroxyphenyl)propane,  2,2-bis(4-hydroxy-3-methylphenyl)propane, 2,2-
bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-
hydroxyphenyl)cyclohexane,  1,1-bis(4-hydroxyphenyl)cyclopentane, 2,2-
bis(3,5-dibromo-4-hydroxyphenyl)propane, bis(4-hydroxyphenyl)methane,
30 2,2-bis(3-allyl-4-hydroxyphenyf)propane, 2,2-bis(2-t-butyi-4-hydroxy-5-
methylphenyl)propane, 2,2-bis(3-t-butyl-4-hydroxy-6-methylphenyl)propane,



- 2, 2-bis(3-t- butyI 4- hydr oxy- 6- met hyl phenyl ) but ane,

PR

0-
, 3- bi s(4- hydroxyphenyl (1 -nmethylethylidine)) benzene,
4- bi s(4- hydr oxyphenyl - 1 (1- nmet hyl et hyl i di ne) ) benzene, 1, 3-bi s(3-
butyl - 4- hydr oxy- 6- met hyl phenyl - 1 -(1 - yg. methylethylidine))benzene,
, 4-bi s(3-t-butyl - 4- hydr oxy- 6- net hyl phenyl -~ 1 -(1- 5
met erthylldlne))benzene 4, 4" - bi phenol
2,2',6,6'-tetr L .
SRR rzgﬁﬁg{tﬂ!élr_ﬁutg -4- ﬁyéro -6- mett}ﬂélﬁé\%ﬂ}ﬂ@aﬁ’e 4,3-BistheRatoxyphenyi-1
4, 4-bi s( 4- hydr(doxyptliwigtlhylld@pﬂ)hne benzeng, 1 - bi Sabispdnhysisoxiphenyl- (2, 2-
trich

c : OL?EE Zan %nggstaﬂfgﬁéﬁ} d%q%%noe %&3-&b&ty?#%yﬁr&%“elfﬂylg%gﬁgn%- 1.1

é bi Z(ﬁ d10 rhﬁ u;aiam"entﬂeﬁhlzeganoneuktag t-buty1-4-hydao)q/ 6-methylphenyl-1-(1-
2 5 b o (5 ot My ey aiine s NS or ofufebiphonal 1 BP5.6-tetramethyl-3,3'5,5'
hyd henyl ARG, 4° l
hid? Siiﬁhﬁ% 3 %ﬁ?ﬁ i 'b'p?’f%QPI S%?%d%i‘%ﬁm# ?’?é?ﬁgﬁgﬁm 4 @b}*ﬁérﬁ’?
hydr oxyphenyl m4mnﬂédw;oxyphbnﬁﬂmp‘lgde.oxyphenyI ) 1,1-bis(4-hydrexyphenyil)s2 2,2-15

ety phony! ) dRaaREInaS: p2pisle UIRTRIRTAT RS RaRY o SPIAE 7. b

bi s(4- hydr oxymamw@a}pmﬂwmyanoamahe. 4, 4-bi s( 3, 5- di nef [ybis4
hydr oxyphenyl ) pent anoi c . _aci d 2- bi s(4- hydroxyphenyl) acetic aC|d
hydr oqui ndfe, Wé’é@ﬁlp@ﬁﬁmd"émo[‘?ﬁihﬁﬂﬁe 20 ~ 1.1-bis(4Aylsexyrhepyil «cygno-1-

reacting with to X t the ¢p lic
end groups of ;ﬂ?eﬁy@g%ﬂgﬁé rep‘? m@%@g@m&ﬁﬁ%yp Heﬁ%‘?/l Ip:éné. w1 9&@9
Al err] - O O Al dwydrogphenyljnorbomane,  9,9-bis(4-hydroxyphenyf)fiuorene,vI | 3,3-bis{4-

e Y i L e e e I e T
8h08p|hor yl. hydroxypheniﬂ)mbpah%rié colrrbmcmdwddrwpazeg) ed bsutlfélnenul a Elﬁb(4-are
per oxi do_dF ofNEFORPPERED  cuBSTREL: cd_ ddPRRIPORISN di | 28 BsHePyIeRY 3
acetyl benZOY'rﬁéﬂh?Pﬁh@ﬁyl)ﬁt%S&Hé 2,2- bi§e@$%éHW4LﬁWiypﬂ%hﬂ)ﬁrS§aﬁé 4,4-

di pht hal oyl peroxi de, peroxydi carbonates such

di acet yl per oxﬂﬁ(&a{immeﬂﬁmaiﬁmpds such agid,per benz 8i4bist3. §-dimethyl-4-
hydroxyphenyl)pentanoic  acid, 2,2-bis(4-hydroxyphenyl) acetic acid,

hydroquinone, rescorcinol and the like.

20 Agents capable of reacting with PPE's so as to produce phenoxy
radicals at the phenolic end groups of the PPE are represented by Formula
Vil:

A?—0—0—A?
25 Vii
wherein A2 at each occurrence is independently hydrogen, alkyl, aryl, aroyl,
alkanoyl, alkenoyl, alkoxycarbonyl, sulfuryl, sulfonyl, or phosphoryl.
Typical of compounds represented by Formula Vil are diacyl peroxides
such as benzoylperoxide, 4,4-di-t-butylbenzoyl peroxide or other aryl
30 substituted derivatives, dilauryl peroxide, acetyl benzoylperoxide, acetyi
cyclohexylsuifonyl peroxide or diphthaloyl peroxide, peroxydicarbonates such
as diacetylperoxydicarbonate, peroxyacids such as perbenzoic acid, 3-



chl or operbenzoi ¢ acid, 4-nitroperbenzoic and other substituted derivatives

. of per benzoi c acid, peroxyacetic acid peroxypropanoic acid,
per oxybut anoi ¢ aci d, peroxynonanoi ¢ aci d, peroxydodecanoi c acid,
di peroxyglutaric acid, di per oxyadi pi c gcid, di per oxyoct anedi oi ¢ aci d,
di peroxynonanedioic acid, 5 diperoxydodéé ndi oi ¢ aci d, nonoper oxyphthalic

acid, as well as inorganic peroxyaci ds such as peroxysul furic,

per oxydi sul furi [ sphorj C.. . ' b hei r
correspondi ng gﬁ{q@%ﬁé@@@oﬁﬁ@aﬁﬁ*&g&gﬁ%f?eﬁgé'g?%‘(y &hg§ gggitltgge@gegivaﬁlves of
t - butyl per f or mrpefberizdiditadid, ppeangaatlic dcid upgrloxpsropaidieohsidy rpdréxybutancic
but yl per benzoat e, cunyl ger enzoate, t-butyl perox %onjmoate, t- 10,
but y| monoper ox ik cBE@XyN n%“%t%‘ﬁorﬂ%@%ﬁﬁ%‘lcaﬁ d, digeroxyglytaric acid,
di per oxyadi pat a- dhiet 1 oA ISR Z Q¥ i Al%adioi :
O her radi cal g c?éé%rfﬁp'ggggatag g?eefrﬁ)l(y%icgdthe grggigﬁte&?ﬁve fﬁéon adr'%ic acid,
qui nones ors di gipetoxydatiecandicic acids moengpguaxyphthalic guidf 8s el a3, inorgaic-

t et ramet hyl di phenogui none_ (I .15 . W phenolic cq und, .
Fepr esent vd by PROTYACHS reueh " Bghi rdrBrssitutio. "Be SRR befiRRrSRmerc
represent ed bypkegxpdighoéphbrit anéiahei doweependinglsalts hnd peroxlcaitidxyliéledtdrks.
and n are as previously described, and represents an integer from

about 5 to abo8kch 0as t-bl{t)gpgﬂformate..t-buty peracetate, L’&V‘%P@&W@ﬁobﬂﬁff@%_ t-
2gont in the abugieEERLGderY ARG BeBoiibatg, | M. fobRiABhaRORET RO
exanpl e, the rbatlmonopéroxy@Rieatet h a ptbutyirdensperbxyphtiglatedyenzoy didubi de
or the treat megt, Ol xihdivated fk 2, s3inAASI-2 Bl BenZoyiperdxyihexane.
Other radical producing agents useful in the present invention are
quinones or diphenoquinones such as benzoquinone or preferably 2,2',6,6'-

tetramethyldiphenoquinone (TMDQ).
15 When a phenolic compound represented by Formula V! is redistributed

with a PPE, a compound represented by Formula ¥itl-is formed wharein 'Q1v

st A', and n are as previously described, and m represents an.integer from
about 5 to about 100.

01 Q'
Al 0= O—t—
o a'
20 L .
(Vi)

Low molecular weight PPE's can also be prepared by reacting a PPE
with a radical producing agent in the absence of a phenolic compound. This
would include, for example, the reaction of a PPE with a peroxide such as

25 benzoyl peroxide or the treatment of a PPE with a quinone such as 2,2',6,6'
tetramethyl diphenoquinone (TMDQ). The aforementioned structural



tetramet hyl di phenoqui none (TMDQ) . . The aforenmenti oned structural

. -12- variations of the PPE are listed to illustrate sone of the
structures of PPE' s that can be used in the instant invention.
Fromthe foregoing, it will be apparent tojghose skilled in the art that
t he PPE s contenplated for use in the present invention include all
those 5 presently known, irrespective of the nethod of production,

i sol ation or variatishsBfitREPPR bl listéd (@ lilugirates somecof Ihar strndieidsCatl PPE's
features or nodifications. . . The aJlylic conmpound used in the

i nstantly cl aithaticaphpdsediipthe stant igyandioal | y capabl e of undergoing a
Cross, 1nking react Rk, yahrEGEnGEit wil bg SBhERFRIS thdde fiflelih e bitthk 1wl
[err] PPE's contemplated for use in the present invention include all those

5 presently known, irrespective of the method of production, isolation or
variations in struc}tural units, ancillary chemical features or modifications.
" The allylic compound used in the instantly claimed composition is
generally capable of undergoing a cross linking reaction, and can be
represented by Formulas IX, X, XI, or XIli:

0
G N bf,kN
; | | /\/O\/V ' \\-/\-OJ\N’J\'O/\/
or
iIX X Xi
&)
\\\/\N’U\N/\/
18] NI&O
\
15 Xl

The epoxy or the brominated epoxy compound useful in the present
invention is a compound comprising a epoxy residue and a bromine radical.
Typical to this family of compounds are compounds represented by Formula
Xil:

HoC
HC

|
OrCHz

P
O,
[HZC— CH-CHz-OL— A’-RA'— R—= AS[O'Cﬂz-CH- CHJP

-



The epoxy or the brom nated epoxy conpound useful in the present

.invention is a conmpound conprising a epoxy residue and a brom ne radical .
Typical to this famly of conpounds are conpounds represented by Formul a
XI1l: [err] -13-

Xl wherein A3- A5 i ndependently rep?%sent Cerr]-Cerr] aryl or
brom ne containing CJerr]- Cerr] aryl residues, each optionally
substituted with Cferr] alkyl, Cerr] aryl, nixed {derr]

aromati c-aliphatic hydrocarbons, al koxy, thio ﬁferr] al kyl, al kenyl,

oxygen, hal ogen, nitrogen sul fur, or phosphorus; R represents a
Cferr] hydrocarbon; "p" at each occurrence independent|y represents an
i nt eger from abwherein tAP-AS indepspdentiy sepresenicbeaBiyay Qﬁbﬁom@eam}mrmg Ce-

cthers of brom (REA! FRAE CorRRERLY SERTtaBiw T ETis A By iked™

ethers of bromn nolrc resins

phenol - f or ned deﬁygﬁamaloe&lpmbd\ydmbbm alkm@eﬂaoﬂqBREWEraI&edyy dﬁylgﬂnn
Kayaku. O her bron ne co ntainin aks, known to one ski ﬁ@y art,
b T 8 0 have WAPBRDy AipoEhe Shws & PHASPDANST aeo8is |G oy dpcaPapi
ethers of =gOrgredrH Gél:urFérﬁ:'éoith éH@érﬁShbéiB?esé?ﬁy @haktegel fFRIMNARA 1 to

napt hol - f or mal dehyde novol ak or brom nat ed
napt hol - phenol abﬁlﬁﬂlQﬂbﬁW@f&hﬂvﬁpaﬂ to abodh al so be used. These materials

o ere > (st Blamples BFELAHBAGE reRAAIdLBE FomRE ul LA

and inprovenments in e pr ope
br om nat ed phergiyeadybgtﬂem@@ﬁtbrdmmed phennhrzcrleainsalg(ycidybremmwf brominated

ol PoL Yot B N Rk SRR oo SHELS Yy nipon

absorption and RapgE r@tﬁéﬂﬁoﬁﬁﬁ@%bhtﬁﬁ ing Novotaks knoﬁhqwdﬁét SdieP hthe art,
conpounds, as used hereln I ncl udes nono- functi onal epoxy

conpounds. | 1 ustliralse haveuiiity l@sthéfpfﬁﬁ%f'[]ﬁ%fﬂti%haFO"eﬁ’éﬁWP'e the glycidyl ethers
of brominated cresol-formaldehyde novolak, brominated napthol-

1= formaldehyde novolak, or brominated napthol-phenol-formaldehyde novolak
and also be used. These materials impart improvements .in -themmal
performance, reductions in resin flow and improvements in electrical
properties. The glycidyl ethers of brominated ph'enol-dicyclop'e'ntadiene
novolak and brominated phenol-polybutadiene novolak impart improvements

20 in electrical properties, toughness and/or reductions in resin flow, moisture
absorption and other related properties.

Brominated epoxy compounds, as used herein, includes mono- and di-
functional epoxy compounds. lilustrative examples of monofunctional epoxy
compounds are brominated phenyl glycidyl ethers, such as brominated

22 phenylglycidyl ether, brominated cresylglycidyl ether, and brominated
napthylglycidy! ethers. |

The difunctional epoxy or the brominated difunctional epoxy
component is represented by compounds of Formula X1V, wherein AS-AS are
independently Cg-Cyp aryl, or bromine containfng Ces10 aryl residues, each

30 optionally substituted with Ci.io alkyl, Ceso aryl, mixed Cg-Cpo aromatic-
aliphatic hydrocarbons, Cao alkoxy, thio Ci.i0 alkyl, Cog, alkenyl, oxygen,
halogen, nitrogen, sulfur, or phosphorus, such that at least one of the A8-A?



.'cdrrpounds are brom nated phenyl glycidyl ethers, such as brom nated 25
phenyl gl yci dyl ether, brom nated cresyl glycidyl ether, and brom nated

napt hyl gl yci dyl et hers. The di functional epoxy or the brom nated
di functi onal epoxy conponent is repreggented by conpounds of Fornul a
XI'V, wherein A6-A9 are | ndependent |y err]-CJerr] aryl, or bromne

containing CJerr] aryl residues, each 30 optionally substituted with Cerr]

al kyl, Cerr] I

hydr ocar bons, reéfddre? é%:??ﬁ@f%ﬂéés’t q% fh}orﬁfr::gd&ﬁr Y |s f‘ Si’%ﬂr%ﬁhd Ci/géﬁ

hal ogen, ni t ray§ lk)éuhf@rceoalkyﬂhcﬁap rarenc h’i"nﬂa 1SQser &{; odnd he
Alerr]-Aerr] - 14-

resi dues contrgpﬁesseé‘tts FQ&‘FQghEOﬂ%}R ﬁ%"‘&r’%p Y is a single bond,
Cerr]-Cerr] cycl oal kyl , de Err] al kyl, Cerr -C[err]
branched al kyl S, SO or sq err] and represents pn int from
0 to about 1OQ,C_.f@mr.}:H, O-AS-yY-A- Hus:m;amx&\e.xm ngicﬁ unds
represented by Fornula XV are: (1) The diglycidly) ethers ~

produced by condensation of epichlorohydrin wi th a bisphenol, where
g=0. Typigal of this class of conpounds arexphe 10 di gl yC|dyI et hers of
2, 2-bi s(3,5-di brono- 4- hydroxyphenyl)propane 2,2',6, 6-

t et r amet hyI 3,3 ,5,5 -tetrabrono-4 - bi phenol ,

2,2',6,6'-"tetra _ (2)
22 0 oty ey g&C%.FEB{%@%%ré%éS‘ff“ B8FIumle XV arery

bi sphenol s, or the(ﬂé'aetdigiycmbdthars Mddna&'bbyelcohddmsﬁtml ofyépiehlotolsydrri h 15

brom nat ed bi spheng] s é‘ CQ? %'uet eco densatlon ro uct
of a2 2 W3 BispheRhIeT) G Vs Sa55a00 COMpoURdS
10 dagiyc:dyl ethers of 2,2- bis(3 5-c4bromo-4 -hydroxyphenyl)propane, 2,2‘.6,6'-
tetramethyi-3,3',5,5"-tetrabromo-4.4'-biphenol, 2,2',6,6'-tetramethyi-3,3',5-

tribromo-4,4'-biphenol; '

(2) The reaction products of brominated bisphenol diglycidyl ethers

with bisphenols, or the reaction products of bisphenotl-diglycidy! ethers with

15 brominated bisphenols. Typical examples include the condensation product

of a 2,2-bis(3,5-dibromo-4-g£ycidyibxyphenyl)propane with  2,2-(4-

hydroxyphenyl)- propane, or the condensation -product of 2;2-(4-

glycidyloxyphenyl) propans with 2,2-bis(3,5-dibromo-4-
glycidoxyphenyl)propane tetrabromobisphenol-A.

20 Partial condensation products suitable for use in the compositions of

the instant invention may be prepared by heating a mixture of compounds, as

described above, at a temperature range of from about 50°C to about 225°C,

preferably from about 100°C to about 190°C, in the presence of a catalytic

amount of at least one basic reagent, such as a copper amine, phosphine or

N
o

a metal salt. Triarylphosphines, especially triphenylphosphine, are the
preferred reagents for the bisphenol-bis epoxide condensation reaction. They
are usually employed in the amount of from about 0.1% to about 0.5% by
weight of the reactants taken together. The reaction is preferably conducted
in an inert atmosphere such as nitrogen, especially when a trarylphosphine is



hydroxyphenyl)- propane, or the condensation product of 2,2-(4-

. gl yci dyl oxyphenyl) pr opane wth 2, 2- bi s(3, 5-di br ono- 4-
gl yci doxyphenyl ) propane tetrabronobi sphenol -A. 20 Parti al
condensation products suitable for use in the conpositions of t he

I nstant invention may be prepared by heat i'f® a mixture of conpounds, as
descri bed above, at a tenperature range of from about 50[err]C to about

o obence o o cuBYEY B8 o' CRIVAC Hh BRLEETHO BRI OMBRELAN HSugnkl

copper am ne, phsihdenployedbutds mefaditicahl t.  Triaryl phosphi nes, especially
tri phenyl phosphi ne, _are the referred reagents for the bisphenol-bis
epoxi de condensat i oﬂ—hﬁe@'é‘m‘ﬁﬁt.edTgﬁ‘g)(Y componentsh e ysedi away £ asHe impatint.

of from about Qudi¥d f?a@ﬂétrgg?ré% to the 'rﬂ%flereéih.e ff%magls\/-toa}‘a‘?iﬂﬁeirse

together. The reaction I's preferably conducte I'n an inert atnosp
such as nit$ogdasired,pidds gpiefened that the Srgminatech lepory icomponents be used at

T L

brom nat ed epowie curaslecabirposhion. USPEl adhievengpodOselgertorégistante it is also
sufficient flane retardancy to the thernpset resin. If a UL-94 V-0 rating

is 5 desired, Pfafefrgdghat #ie beominated RUNILBRINA! SPOXY SRMRABIACRR Mresant alsed
at | evel Sae%;éréﬂewgéquwsbbef %%%gﬁ%@gt ggﬁ{eﬂy@gggﬁgg 2pty. 10% by

wei ght of t he cur € conpositi > ] vent ' resistance
it i's alsolo pr efTeraurableacompesition minhe edesant invantioni comddine guoti vinylic

db . i 0 i h
D et et adhy regins aRd hay BE°ERRLR: Sathiel Y falifd. 71 i} dibife
e (O oDt plaveskp drass inking of bt tRe0sgoRe D AnlicTIESRe e e
opoxy and vi nyPPY(Rhianylene ethen ipsturs gendialing o hatthiagingtcer I gedr to lower

generating a h@{rdpEbRabMmpertups 4R tb ProrA¥R the qrosélihﬁin?%ﬁ&t‘i&ﬂ ihQUBBHh JfUr e
and to pronote the crosslinking reaction, inclusion of I5 catal ysts to

accel er at e 1§ hec@lgiystato secalerate thengurecofdindh dhe vinyie @pdrepaxy ¢emponents is
preferred. preferred. )

The curing agent(s), as used in the instant invention, include agents
useful for the cure of epoxy resins, and in particular compositions containing
poly{phenylene ether) and epoxy resins. .Such cure catalyst(s) and curing

20 agent(s) are generally well known to one skilled in the art and are described in
numerous patents and literature accounts. Thus, cure catalysts and cure
agents described in Chemistry and Technology of Epoxy Resins edited by
Bryan Eliis, Published by Blackie Academic and Professional Press-an imprint
of Chapman Hall Publishers © 1993 are relevant and are incorporated herein

25 by reference.

Cure catalysts useful in the present invention include a compound
capable of producing radicals at elevated temperatures. This inciudes both
peroxy, and non-peroxy based radical initiators. lllustrative examples of
peroxy initiators useful in the present invention are 2,5-dimethylhexane-2,5-

30 dihydroperoxide, 2,5-dimethyt-2,5-di(t-butylperoxy)-hex-3-yne, di-t-
butylperoxide, t-butylcumyt peroxide, o,0’-bis(t-butylperoxy-m-
isopropyl}benzene, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane,



The curing agent(s), as uséd in the instant invention, include agents

. useful for the cure of epoxy resins, and in particular conpositions

cont ai ni ng pol y(phenyl ene ether) and epoxy resins. Such cure
catal yst(s) and curing 20 agent(s) are gngrally wel | known to one skilled
in the art and are described in nunmer'ous patents and literature

accounts. Thus, cure catalysts and cure agents described in Chem stry

and Technol ogy,: . Besimns . ed Y; | ' ' d

Bl acki e Acade)nqéyr%ﬁggﬁ% éssldﬂgggwléﬁg’si 'gorP t?tqur%lglfe\’n?{‘ deeZ?"%ﬁé%?’l—%%

gbl i shterls tlmt-b?wl(pabgy)@mt are)d azt,e_-bie(ttbtup«lpelp)qq?dxgnei n 256-dhy§ﬂwl-e;5ence.
re catalysts, useful in e present inventjon C e a .gonpoun

capabl e of pr %E@P'ﬁﬁwpﬁfﬂ’ﬁ'&%’&@ﬁ’ el evat ed?‘i({é}%fébglﬁﬂﬁ*w&f°’ﬁ*§?s i ncl ude@Mfot h

peroxy, and nqmnaﬂfwyw{sgg@wﬁlyn pBidxidd #Fthel Iiﬂegsﬂlﬁéﬂét% EXiple8 o Of

peroxy initiators use present invention ar

2, 5- di net h§| héwarpexy- radicaldiinijiataspeeeri dd-dimethyl-2,3-diphenylbutane,  2,3-

2,5-di methyl -2.5-di (1. el - - 3- -t - but yl per oxi de,

t - but yl cunyl %mﬁSM%g;g&Yéa ‘f‘é’?ﬁy‘%ﬁa}‘@?@? P- jut yl per oxy- m

i sopropyl ) benzene, Whereas it is prefefredithat tye-catalysi(s)tardioy cping agehtizpioe,
ity per oy O ey 905 i FeBERS h SORSA i catavsts) andr
2, 2-bi s(t-butw , dé i s I .

di (benzoyl per %ﬁg?%g%(%anrg@t) i -onl)? o(flﬁie( ?W&é@ﬂ% ﬁ}éfnﬁsfgg‘ rgog?rgg ,o_nentsaﬂac? y be
tri met hyl 3p1 yipsesanti (Tihiepoaglivated| carapenemccambet eired thwough) fast example,

exanpl es  of iegﬁﬁgpﬁéw Bt ké{ik&{a‘t%t&(es sRi€d in the art, including those

2, 3-di met hyl - ylbutane, _ :
trinmethyl silylgxyigedhdidheNXbarives suh st 58,04, 195,05, N (ag)bofs 1;/4?1%%&5@?% It

is preferred that cure catalyst(s) and/or curing agent 6
epoxy and vi ngddedctor impravet then $ird gefardamtnpropedies ohithe oonipsitiondy of the
one of the two thernosetting conponents nay be 10

curing agent(s).far. onl
present. The fﬁ?é%&'@&?@%o%orrponent can be cured through, for exanple,
heating onsot her mtdladsd kinotie tcorapssitidtis lof cthieninistemt airivention | aei Rordbiese

Rt o AR T I K AN KRR TR
properties of jhpgrCoHRERibhhPNtelired NepropertiesNSidANthé NV&IAbRN- composition.
Representative examples of fillers include carbon black, silica, alumina, talc,
mica, glass beads, hollow glass beads and the like. -Representative examples
20 of additives include antioxidants, plasticizers, pigments, dyes, colorants, and
the like. Furthermore an additional thermoset or thermoplastic resin additive
may be included, either alone or in combination, for the purpose of improving
properties such as toughness, impact strength or thermal stability.
The present invention includes compositions containing a
25 reinforcement to lend structural integrity to the thermoset blend. Reinforcing
materials known to one skilled in the art can be used including inorganic and
organic reinforcements, such as woven or non-woven glass fabrics of the E-,
S- and D-style giass and quartz. They may be in the form of glass roving
cloth, glass cloth, glass chopped glass mat, glass surfacing mat, and non-
30 woven glass fabric, ceramic fiber fabrics, and metallic fiber fabrics. In
addition, synthetic organic reinforcements are also useful in the present
invention and would include organic polymers capable of forming fibers.



15 I ncl uded in the conpositions of the instant invention are

.curable conpositions wherein, a filler or an additive may be

i ncorporated in order to impart additional desired properties to
the curable conposition. Representatbve exanples of fillers include
carbon bl ack, silica, alumna, talc, Alca gl ass beads, hollow gl ass

beads and the |ike. Represent ative exarrpl es 20 of additives include

ti i dant s, , t ' .
Pt hor mor e an I 7% Kiafpied BERIGH orbYE. il 8¢ Boye(Adt ketone). Hiivimice
may be i ncl udecbenzoxamle 2al poigpbenylene o reuilfidet) qmlyésjerst harqnuammspolyémudes

Stebility.  dromatc pofimitesumolyalEnrias. aONE eSS ALBPYIvRY Scoon.
containing a 25Fluér%b6fyﬂiér§r§%h é@pbﬁ&é‘tr&ﬂdd&éétﬁ&ﬁinel c4reBeidsed th Ttm? present
th

ernoset bl end. Reinforcing materials known to one skille |nthe art

can be usedSi ndnygntieg. iAse gmlndedaa@ naturalgrganicdibess h‘FQWfté(?réﬁ?§kl|!ﬁ§i:ﬁ the
woven or_non- ‘“%‘fﬁﬁn@lhaﬁmphééﬁ’ q %i‘otﬁf é‘te'?ﬁa;ps%oth and fat, a&%ﬁfffb\élrefagln@ S Fﬂﬂd

quartz. They be”I'n ormo roving ass €
gl ass chopped giaamal calivlogic dabrics. sﬂahimkrdt paﬂed codbon ;Sﬁben/vandngiglsssfﬂ)er

fabric, 1 c fiher fabrics, tall fib

add tion. - synt rerlanBegaRes SueRrgintaimements cau e, bertgmiof mraofiamant
i nvention and ‘M?%Qltlfll%ﬁié«'ﬂ?ub@fé?éﬁ'd Cofd B@Qﬁsﬁadcéiﬂ@b'é?or@ of i Bbﬁﬂnriéthﬁf with
-17- II'lustrative exanples of such organic fibers are g%qzet er

ket one), pdPyi @ngéher type méﬁ@@;«atbmugh ﬁerwpmlwwgr Pepre-poesibs sides
aromatic pol yarg §] ) oralngqu;?{%yrﬁaﬂ'ﬂ{:}éua‘ﬁﬂ?ﬁ Bhsfastons NGy | bV‘ Sher rﬁ‘é‘(h%h%c

resins and poly or opolymers such
pol yt et raf | uor (kabbml onene skillbd inthd an afHibgrrrearufactuse. rTrhayncoold bé\lis dhe

I ncl uded are nat ur al ani c_fibers kno ne skill

ol udi ng- ot ¢ ST S HoPrExdimeIeo wove el i, PoniiPYen fbrRls
natural cell ul gginforbemeh®s ospgpergs kraft paper, cotton paper, and gI ass
fiber cont ai ni ng paper. chrelnfor errenscold be in the form of

monof i | amer$ ) W'ﬂgﬁgﬁﬁ?ﬁeﬂﬁcqmﬂﬁﬁtg GERE %“Gs‘gét@aﬂsh%rre Knewa or
in conbination lr‘a’"'lﬁé‘ Qo mﬁa?&}é:' Sdhd s o?fthé Bﬁfus rtemf&‘éghwenfl e tﬁ’é%ﬁpé@resn
coweavi ng or cor e- sheach Y- S| orange-type or Matrix

fibril constru@pmlt@n byFQ;tther pumqaﬁ@sof thas ianamlon,oreor@es'naweeccquphnge
art of fiber ”%@'éf\?s(:té’(e suaIQ?;y tﬁQHétg-,bealhnuﬁlnﬁ-, and/or zircoaluminum-based

coupling agents and other agents known to one skilled in the art.

20 The cured composition of the present invention can be used in the
form of a film or a laminate structure comprising a metal foil and at least one
cured resin composition layer disposed on at least one surface of said
metallic foil. Representative metallic foils useful in the present invention are
copper foil, aluminum foil and the like. Generally the thickness of the metallic

25 foil is from about 5 mm to about 200 mm, preferably from about 5§ mm to 100
mm.

The composition of the present invention is designed to be readily
used in melt forming operations, including solventless prepreg manufacture
and film forming processes. In the solventless prepreg manufacture the

30 liquid-form curable composition can be applied to a fibrous reinforcement by
means such as those described in U.S. Patent Nos. 5,478,599 and
5,492,722. To ensure that the thermosetting resin does not prematurely cure,



formof, for exanple, woven fibrous reinforcenents, non-woven fibrous

-reinforcenents, or papers. 15 Coupl ing agents, incorporated into
the reinforcing material, are known in the art to inprove adhesion of
the fibrous reinforcenent to the cured res,iﬂg_ conposition. For the
purposes of this invention, representative coupling agents are
silane-, titanate-, ‘alum num, and/or zircoal um num based coupling
agents and ot hgf ls%\?&l Sk {HhS Qatiists Hdrk Iviasil m&ebf\ﬁitrﬁfﬁe re%ﬁh composatlo-ﬁf}ﬁst
cured conposition o pr esent |nvent|on can be used in of

afilmor a |arfriestte gpmima@!gﬂeofcmq)rqugab@ eompesition dpllf&ntﬁi&foﬂlﬂ@ﬁsma&eﬁal
cured resin Cor%%p'utsbod? th%%%nqin?@?fa‘?ﬂegfh\%ﬁvécee§5?85@aﬁﬁrcfoﬂgfsté)rgt MRtdling

metallic foil resentative netal oll's us resent
i nvention are of the capghyst tddhé resih unixtum i mhcalnoBedwsblthe Gematll gLantitidye

t hi ckness of th tallic 25, foil is fromabout 5.nnto, gbout, 20 .
preferably frof &g@dys tdnyelyed, agsyrate andgpnsisten metennqﬁgﬁpoﬁ%@és?-am%ﬁ

the present in gkél hét 8§$|Bléeﬁn80ab@arh€?‘¢éélﬁ is ofteNﬁE@d'!b @le'rcd}ﬁ hig
oper ati ons, sol vent | ess prepreg manufacture filmftormng

processes. | n tm@biem vERe catalysts aps theratotafideallyrdissalveddio a car@@r desior which

such as hose doUfRrEaRdHY BRYeBEnt ot it Baliey, TR RRETERR indtion RS
To ensure that acbenidhefnembytdcssw?]gaheteﬁmy ouné catatysi(s)rasidjoroeuring ?ﬁent(s)
t he cata e resin

-18- 1 I t.th
composi ti orl%] udt @ SoRtsR, g PORTRIESE [elienTatthe VavhsPmRoaRAbat leNated
the reinforci nqempbrituds and con\ﬁﬁ@é‘wsdisﬁ!whb%é Wi clife'Sathiy8(Bin &'\SIMRM

accurate and consistent netering of the catal'yst to the resin m xture
is critical. B&fiheepoxycespanent(syualiie twe solutiongfare Logmkiaed iimaomisdead

accurate and C%ﬁltﬁéﬁ PPH@& fc{eish:égd%réil'%"ﬁﬂ&l dér{t alone is ~ generally

not possible and a car 0 overcone this
probl em The cat aI ySwhage cbhmosftmne waldd| hlsodbes applichbile ta the r cemtimagisn,

o o (o PRRORRE BNE S B0 GrCled SR DAL bt A fPeaRiertal,
catal yst (s) anwr@remUMengv@@:ﬁ[w)@)ca?rﬁer résin asohationsi @esdrtbedohtydwd &y | ked
ether) and a viny onent at el evated
just pno o application and impregnation of a reinforcing material. The
reinforcing martial is layered with other impregnated reinforcements, layered
with copper foil and cured in an oven to form a hard laminate.

20 The molten resin may also be cast by conventional methods and
shaped into a sheet or film. For example the curable composition may be
coated or cast to a desired thickness onto substrates including inorganic
substrates such as a stainless steel plate, aluminum plate, glass plate or
organic substrates such as a polyimide film, polyester film, polyethylene film

25 and the like. If desired, the film thus formed is removed from the substrate or
transferred to another substrate and cured at a subsequent stage after it has
been shaped into a desired form.

Other methods of shaping the desired curable composition include
injection molding, resin transfer molding, extrusion, press molding or the like.

30 The melt molding may generally be carried out at temperatures sufficient to
allow for adequate resin flow but lower than a temperature at which significant
curing of the resin formulation occurs. Completion of the resin cure may be



tenperatures and conversely dissolving the vinyl cure catalyst(s) in a

'sol ution of the epoxy conponent(s). The two solutions are conbined in
a m x head and then applied to the desired reinforcenent.

Such a conposition would al so be applicable to the continuous 15
generation of |am nate such as that descrifgd in U S Patent No. 4, 866, 134,
wherein the two catalyst-carrier resin solutions described above are m xed
just prior to application and inpregnation of a reinforcing material. The
rei nforci ng neqarried dus byafcrrexcmple hfurthiee heating atelavetbd teimperatires after the

| ayer ed with co r fpil and cured i n oven to forma hard | am nate.
20 . The SRl t?%%gg%gFﬁaﬂg@"gpéod?ﬁéregggfmby conventional methods and
shaped into a sheetTig¢ above mEatioedgabEng hicthod, adne heatPsiting Metied &
coated or cast to a desired thickness onto substrates including inorganic

substrates sudie Hsed individuplbser i eambisation. Far examola Blisipessigletbet films of or
organi ¢ sulstr h Vi fei I [ et e
i 'm 25 and tRe TyEge rimgBsRBiad fst it thBRINEEES ard koo KGN T e
substrate or fabricatiamefethoddsuch asqiress maoldingr ¢ @satlodprmdued atshaet of the
subsequent stacg]? @fter It .has been shaped into a desired form

O her net hods a ﬁéiﬁn?&oﬁ' Vdesired curabl e conposi tion include

i nj ection nolding, Tsiduredakehfjositindinmgy BtéwedoBy Bhgsof NB! AURbeP! of he
i ke. 30 The nelt nol di ng may ger}erailnle‘g be carried out at tenperatures
suf fici ent t o technigyes kpowprtofne skiled indbeart ivgluding heglies. expesuse to light

t enper at ur,g ate Uy E@cﬁbﬁrﬂéérﬁ?"ﬁhen heaﬁgﬁ itijﬂﬁs&f], 4 MmpErittird R'dRYsBh dH'the

occurs. Conpletion of the resin cure nma
-19- carbasigi obwhether & cadieakinjiador érncuring agerdtis ugedt Thetempdrature

SR TR RSORE N W I R
uped i v U, f gy OO T80 oD oo P SBRHA il

a nelt f alpyoiuk A0 HUreRireRstabBUfdmabolt ¢aSindR!t8idbut 8hdthst 0 produce a
sheet of the cur abl e conposition. The cured conposition

may be curléd by anyAoisadheaigiar “adifyl” means a Ci.i0 alkyl group, and “aryl” means a
Ce10 aromatic group. It is understood that the compositions of the instant
invention can be used in combination with a reinfercing material which .is
chosen from E-, S-, or D-style glass, organic reinforcing material or other
similar material known to one skilled in the art. The reinforced resins of the

20 instant invention can be layered and cured to form; for exampie, -a -circuit
board laminate, to encapsulate, enclose or seal electronic devices.

EXPERIMENTAL

25 Table 1 lists the molecular weights and intrinsic viscosities of
representative PPE's used in the fommulation of melt processable

poly(phenylene ether)-poly(vinyl)-poly(epoxide) compositions of the present
invention:

30 Table 1



techni ques known to one skilled in the art, including heating, exposure to
light 10 or an electron beam Wen heating is used, a tenperature is
chosen on the basis of whether a radical initiator or curing agent is
used. The tenperature sel ected can be from about 80[err] to about
300[err]C, and preferably from about -20120[ err] to about 240[err]C. The
heating period can be fromabout 1 mnute to about 10 hours,
preferably fromabout 1 mpute to about 6 hgurs. 15 As_used herein
"alkyl" neans a Qerr] alkyl group, and "aryl" neans a Ld]pteinsq: Aromat i c
group. It is undgrstood that thdetbageditions dnthe i Mwang viscosity hvent i on
can be used in canbi RRE on| wi t hpeepaeitivhor ci ng{gimolr i| alg/mbl)ch i(dl/g) chosen
fromE-, S, or rstyle gl hss, organic reinflorcing terialf or othe}

simlar material [KNOWHTO pne SKITTLd Tn The 35bgoThezs akhT por qubr_e'm ns of

the 20 instant i MVETEZ O £an be |eyerec1 any GLEEH 1051374 s:xarpl e, a
circuit boarie—t+ rate—to cnkcapaw ate; %'31, ST ) ol ni c
devi ces. XPE] 'F!\'T L FApAS1E T 128D izl'l r

:‘Aﬁlr?nr]lt ;t ?gﬂ | f;t.re.lné @ S' { 't?\sér) stuglgpy(Iéﬁ§ﬁ§sv§q:tgashfe\§ewg%5destelrjr?\ﬁ%dl rR the
?LCZF}% | gﬁ' y( %hlbfb)orﬁ‘P'é/t( %@8* dﬁhnfﬁéfr’fpﬁ%ﬂag@n%ﬁﬁf érﬂ? Wé@;ﬂ?nhverage iw)

- 20 - molecular weights were determined by gel permeatlon chromatography and

Intrinsic lculated rel | {‘\%ﬂ‘% Vvh Mv

vi scosityS Calculated relatiypfo polystyrene gtangdards i o, (g/mol) (g/nol)

(di/g) - Method A. Oxidative polymerization of 2,6-xylenol.: Method B. Oxidative
polymerization using 5 mol% of a 2,4,6-trimethylphenol -endcap. - Method C.
Redistribution of a 0.40 IV poly(2,6-dimethyi-1,4-phenylene ether) with 2,2-
bis(4-hydroxyphenyl)propane using benzoyl peroxide as the radical forming

10 agent.

Triallylcyanurate, 2-ethyl-4-methylimidazole and.3,5-bis{t-butylperoxy)-
3,5-dimethylhex-3-yne), allyl glycidyl ether and zinc octoate were obtained
from the Aldrich Chemical company. The brominated, epoxidized phenol-
formaidehyde novolak (BREN-S) was obtained from ..Nippon  .Kayaku.

15  Tetrabromobisphenol-A diglycidyl ether (DER 542) was obtained from Dow
Chemical Company.

Preparation of melt prepreggable poly(phenylene ether)-polyvinyl-polyepoxy

laminates :
20
A mixture of trallylcyanurate, brominated-epoxidized phenol-
formaldehyde novolak and tetrabromobisphenol-A digiyciy! ether were heated
to 100°C in a 3-neck round-bottomed flask. With vigorous stirring
poly(phenylene ether) resin was added, at a rate so as to avoid

25 agglomeration, to the solution as the reaction mixture was heated to 140°-

150°C. After the poly(phenylene ether) had completely dissolved the
catalysts (zinc octoate, 2-ethyl-4-methylimidazole and 3.5-bis(t-butylperoxy)-



#1 A 15, 242 35, 436 0. 30 #2

‘B 2,684 7,378 0.13 #3 C

4. 319 12,801 0.17 PPE = Pol y(phenyl ene ether) studied; Intrinsic
viscosities were determned in chloroform at 25[err]C, Nunber average
(M) and wei ght average (M) nol ecul.a.é wei ghts were determ ned by gel
perneati on chromatography and 5 cal cul at h relative to polystyrene

st andar ds. Met hod A. Oxidative pol ynerization of 2,6-xylenol. Method
B. Oxidative - ' ' ' : . B

endcap. Met hod3'c. dmm?ﬁlﬁéﬁ?ﬂ“ﬁ’%ﬁo@oﬁ% gﬁ%?ﬁﬁg?l\a}'gn flng%rbﬁé]?tslﬂweB'}SP%-
pol y( 2, 6- di et BQIsecondshsporierobthecresinmvas tiisrepoured onto a strip of a woven or

20" agent Y PRERWOUER SERReeTRe D8RR e edtea TR 145 AB0boT wif asiaeior diarle
3, 5- bi s(t-but i3 5= i - 3 idyl .et
and z: rsu(: oc'tJ o;%'ggévr\gir‘ éA%bItTg? F}e&ﬁfo?c@rh@ﬁ@ﬁ#?ﬁég\ %OW%%S%ée%%%{ggé%ér@?&]aﬁe
br omi nat ed,5 eptoxiethavaiextesaaesin. The fesultigderadief resirowhich( BRAY BHehived the

bt ai ned f ' Kayaku. 15. T b bi sphenol - A diglycidyl eth
OBt 0 1o AR Mkl oS SRRERSL e sl
of melt prepregoebks. pm‘nyg@b_emmbeﬁ@peé ier® th¥i | partialPlcUeRPiN an oven at

| am nat es: 20 m xture of triallylcyanurat’e,

br om nat ed- epok &Gz el Gife far S0 minutesol halthiesmaset nesinicaknpositions prepared in
t et rabr onobi sphenol - A di gl,yciyl ether were, heated to 100[err]Cin a .
3-neck round- E‘g‘ﬁ'&ﬁ&&ef f‘%s'ié?e‘yw-fﬁa%&cﬁrﬁﬁ%‘ stirring pol y( phenyl ene
ether) resion was ad®ifct e fesuliryy AsinfafcddPpRfeds were RABrSIBHAIKORed iR at Ne
solution as the reaction m xtur erfgwas heat e%l Po %40- 150Fer r .edt"Xfat er
t he pol y( phenysanpressiasr moith@t @083Cetasl 3h dindeolavpresstee . of. 10 terisy| seias tozi nc
octoate, 2-ethyl-4-negthylinm dazol e d 3,5-bis(t-butyl peroxy)-

groduce é— ly laminates. aﬂ'ae physfgafﬂpropemzspof thg) laminates so

produced are shown in Table 2 and 3. In general, the resulting composites

exhibited good interlaminar integrity and resistance ‘to ‘methylene chtoride.

15 These composites also exhibited excellent dielectric and thermal propetties,

critical to their use in applications such as printed circuit boards.



-21- 3, 5-di net hyl hex-3-yne) were added and the sol ution Vvigorously
stirred for 15- 30 seconds. A portion of the resin was then poured
onto a strip of a woven or nonwoven rei nforcenment on a heated plate
(140[err]-160[err]C) with a doctor bl ade attachnment. The rei nforcenent
was then slowy passed under a doctor blades.5 to renove excess resin. The
resulting bead of resin which forned behind the doct or bl ade was

repl enished as it was consunmed in the inpregnation process. The

resul ting prepreg¥abky 2: Moleprepreggableypalyphenyiana etestphofivinyl-polyepker r1 C
-170 [err]C for 30 m nutes. The thetHEraRiseltRR) res@POSI tions prepared in

this manner are listed in Tables 2 and 3. 10 Six of the resulting
rei nforced prépx ewere | ayered dihedted 1h 8 | 4 coppsessjon nold at
200[ err] C for { BPE Coaponent pressure pof 10 tons, Weight®s t o prpduce 6-ply
| am nates. TheP®KYsi cal properties 3f tih2s | amasat ¢s so pf oduced are
shown in Tabl ¢PPE#Nd 3. In generall thelresulling adBpos]tes exhi bi ted
good interlanmBBE#2ntegrity and resistagce tol methyl ene ki@borjfde. 15 These
conposites al § L : n di?pl em‘;i A?gd ;ﬂgp_; a1 !47|r_'),r0 erties,
ritical tot?ﬂ@éﬂﬁ%&% Hof&7syct-las| AZ7nd ATl § 4737t boar ds.
: 2t2 - rominafeg fogxy.f-0 ?ﬁé;.p?' prenr;g?e{g%e oly(pheaylbno_
: OX eno . . . . . ;
et her) - pol yvi fy n-‘éﬁ B c?ﬁ@%k %herhoset ting
resins. * | Rippon Kayaku) 1 2 3 4 S
PPE Conponent [Tetrabromobisphenol-A 7CITHE 70 75 [TES79 75
30 28 Ddiglycidy! eth&FDBER 542, Dow 25
PPE #2 Chemical Co.) 25 Cygnur at e
Conponent Curing Agaht/Calalysanur at d( TAC) 42. 7 44. 7 47 .7 47.7
47.7 Zinc octoate 1.47 1.47 147 | 147 | 1.47
2-Ethyl-4-methylimidazole 0.2 0.2 0.2 0.2 0.2
(Ethacure, Ethyl Co.)
2,2-Bis(t-butylperoxy)-3,5- 147 | 147 | 147 | 1.47 | 1.47
dimethylhex-3-yne (Lupersol
130, Lucidol Co.)
Reinforcement (E-Glass) 45 37 40 30 31
Properties
Tg (DMA, °C) 225 220 233 235
Laminate integrity good |good |good jgood | good
Z-axis expansion 2.96 3.34 2.16
MeClo resistance good | good | good | fair good
Dielectric Constant (1 MHz) 3.74 4.00 4.38 4.64 4.08
Dissipation Factor(1 MH2) 0.012 | 0.012 { 0.011 | 0.008 | 0.008
Flammability V-0 V-0 V-0 V-0 V-0
5 The data in the above table indicates that the PPE thermoset blends

possess good thermal properties as indicated by high glass transition
temperatures (Tg) of above 200°C, dielectric constant values of about 3.7 to
about 4.6, dissipation factor of between about 0.008 and about 0.012, and
were flame resistant as indicated by the VO value in the UL-94 flammability
10 test. PPE #1 exhibited insufficient solvent resistance when exposed to
methylene chloride (Example 4). Reducing the molecular weight of the PPE
resulted in significant improvement in solvent resistance as indicated by the
good methylene chloride resistance for Examples 1-3 and 5-9. The good
solvent resistance of compositions comprising low molecular weight PPE'’s is
15 indicative of the utility of these low molecular weight PPE's in the

compositions of the present inventions.



Br onm nat ed Epoxy Conponent Epoxi di zed br onophenol 16.7° 16.7

. 16.7 16.7 16.7 f or mal dehyde novol ak (BREN err], N ppon
Kayaku) Tet r abr onobi sphenol - 7.5 7.5 7.5 7.5 7.5
di gl ycidyl ether (DER 542, Dow Chem cal Co.) Curing
Agent / Cat al yst Zi nc octoate .onq. 1.47 1.47 1.47 1.47 1.47
2-Ethyl -4-nmethylimdazole 0.2 0.2 0.2 0.2 0.2 ( Et hacure,
Et hyl Co.) 2,2-Bis(t-butyl peroxy)-3,5- 1.47 1.47 1.47 1.47
1.47 di et hyl hex- 3-yne (Lupersol 130 Lucidol Co. )

Rei nf orcenent (E-Qd as
Properties Teglq @)I\%\'Q@%‘r P] ndpreed, melt- prepreggg@@p polymnvlengﬁherm%
Lam nate integrity goodPo WW&PO‘YQQQEY thesmeset igsing. z-axis
expansi on 2.96  3.34 MeCl [err] resistance good
good  good [Fémmutation good D I6ect]r|t Condtant 91 MHz) 3.74 4.00
4.38 4.64;___4.08 Di ssipat{on Fact Wejght %/Hz) 0l 012 0.012 0.011
0.008 0. 004PPO #3 (equilh#lbi | ity 30 28\.0) 25 \lLQ V-0 V-0 V-0 5
The data i nd PRE #2iMT doW abl e i ndikates lthat he PHE26hel noset bl ends
possess gooqk 0 ' atal ;I—%—h#%%—g | ass transition
terrperatures; ;‘29 oS 90“2(‘( a?‘&'uc“ﬁ, {,Sv..c%ﬁ.IF vl ues of about 3.7 to
about 4.6, eSS %?n%fpﬁg‘?r%ﬁ B REt c,m ptiE50-10082 d about 0.012, and
were flanme fj §|§‘ ool F@Ned‘{gy %valuelhthe UL-94 flammability
10 test. PH q|pp3}1xg)§ i) |te I nsuf fi ci ent sol vent |resi st ance when exposed to
met hyl ene chifardbeendokererpbae 4) . Redsiciing.sthg n®l gcalsar| wei ght of the PPE
resul t ed i n|digigeioy ethan(DERMGaRODemENt i 1] sol vent rdsi stapce as indicated by
t he goodChemibsglGede chl ori de }esistlance for Exanples 1-3 and 5-9. The
good soll Yiswlic ERSKY Gempenentof cphnpaosiltions] conprli singj | ow ol ecul ar wei ght
PPE' s is 15| Alglysidytiether of +ho | \1P0] 1t I0.0¢ T‘Qé’s-a_%w nol ecul ar wei ght
PPE's in thglunn YRS ons of | the—dresent—iavdai-oas.

Zinc octoate ' 1.47 '\ 147 | 1.47 ] f A7

2-Ethyi-4-methylimidazole 0.2 0.2 0.2 0.2

{Ethacure, Ethyl Co.)

2,2-Bis(t-butylperoxy)-3,5- 1.47 1.47 1.47 1.47

dimethylhex-3-yne  (Lupersol

130, Lucidol Co.)

Reinforcement {E-Glass) 42 45 40 -

Properties

Tg (DMA, °C) 215 210 225 | 210

| Laminate integrity “good | good | good | good

Z-axis expansion

MeCl2 resistance good | good | good | gocd

Dielectric Constant (1 MHz) 3.79 3.87 3.85 -

Dissipation Factor{1 MHz) 0.009 1 0.010 | 0.009 -

Flammability V-0 V-1 V-0 V-0

Poly(phenylene ether)-polyvinyl-polyepoxide laminates shown in Table
4 were prepared as described below.



- 23 - Table 3. E-glass reinforced, nelt-prepreggable

. pol y(phenyl ene et her) - pol yvi nyl - pol yepoxy
t her noset resins. ~ Fornmul ation 6 7 8
9 Wi ght % PPO #3 (equi
0. 40) 30 28 25 PPO #34(MT I ow)
25 Cyanur at e Cbnponent Triallyl cyanurate (TAC 32.7 34.7
37.7 37.7 ] ) l.dd
16. 7 16. 7 16. . Gt-trat oer - xrk 'EB 6 ayaku)
Tet r abr onobi sphenol - 7 5 7 5 7.5 7 5 diglycidyl et her

(DER 542, Dow Chem 6 ylic Ep oxal
gl yci dyl et her PP El(yegn (n£8.49 dVQbW@S diggplyed in twn%@nﬂggﬁﬂ%t"’#hy@t
Zinc octoate

Byl - 4ot nffesitedheng! (e.ggbisbhengPaf dnd g pafoxids (6'6. bepzoyl perpridelat,

Co.) 2, 8- Biggb- fyt BOPATIMULtES - B foluede s’ Afterlthé7 reactiofh” wasl céfnplete the
di et hyl hex- 3- yne (Lupersol 130, Lucidol Co.) Rei nf or cenent
(E-d ass) tempperatureqwas reduggd and the resin m%g,f@n@gated with q mowd resin

Ség g Ség g %@xtrher tnéﬂygiocgnab% N&hfC) BF #ilyicjanurate (T AC))Q%‘?\depoﬂf’?é’sms
and catalyst and/or additives or modifiers to a concentration of 50% solids.
The thermoset resin compositions studied are shown in Table 4.
10

Preparation of poly(phenylene ether}-polyvinyi-polyepoxy laminates

After formulation, the E-glass was impregnated with the resin solution.
The resulting impregnated glass fabric was heated at 170°C for 30 minutes to

15 remove solvent and partially cure the thermoplastic-thermoset blend. Six of
the resuiting reinforced prepregs were layered and-heated - -a compression
mold at 200 °C for 3h under a pressure of 10 tons so as to produce 6-ply
laminates. The physical properties of the laminates so produced are shown
in Table 4. In general, the resuiting composites exhibited -good-registance to

20 methylene chloride. These composites also exhibited excellent dielectric
properties, critical to their use in applications such as printed circuit boards.

Tables 4 shows the compositions of the E-glass reinforced PPE-
polyvinyt-polyepoxy resins of the present invention and the physical properties
of the cured laminates,

25 The vinyl component of the examples shown in Table 4 is either
triallisocyanurate (TAIC) or triallylcyanurate (TAC). As shown in Table 4, TAC
produces thermosets with substantially higher Tgs than TAIC. In theory,
however, any of a number of vinyl resins known to the art could be used.

To flame retard the thermoset, bromine was incorporated in the form of

30 tetrabromobisphenol-A diglycidy! ether. Whereas this is an effective means
of incorporating bromine into the thermoset resin, other brominated resins or
additives could also be used. A second epoxy resin used in the present



MeCl [err] resistance . good good good good Dielectric
Constant (1 MHz) 3.79 3.87 3.85 Di ssipation Factor(1 MHz) 0. 009
0.010 0.009 Fl ammability V-0 V-1 V-0 V-0 5
Pol y( phenyl ene et her) - pol yvi nyl - pol yepoxi de | am nates shown in Tabl e 4
were prepared as described bel ow. -25-

- 24 - Preparati on of poly(phenyl ene ether)-pol yvi nyl - prol yeoxy
resin solution PPE resin ([err]=0.40 dl/g) was dissolved in
tol uene and t irwnﬁdnvistmnwnifuncticd\atiapedypmwowe ig. Tablepheand Sp)whardas

d b t
ol uene. At PPPRECRSRREIRS A 2 dhgiedies Hit™of e (Rsablril Ry atissea -
and the resi nmuigfuncgoridlr Mebeked msﬁdisa Wsingd reuwhn as {4l 2[2tetrakis(4-
triallyisocynaurate (TAIC) or trlaIIyI %énurate (TAC)), an epoxy resins

and catal yst Shgidaxp GGY'@Q%&G BraYRRIUESErs to a concentration of 50%

sol i ds. s The thernposet resin conpositions studied are shown in Table 4.
10 Preparati on of poly(phenyl ene ether)-polyvinyl-pol yepoxy

| am nat es After formul ation, the E-glass was inpregnated with
the resin solution. The resulting inpregnated glass fabric was heated
at 170[err]C for 30 mnutes to 15 renove solvent and partially cure the

t her nopl asti c-t hernoset bl end. Six of the resulting reinforced
prepregs were | ayered and heated in a conpression nold at 200 [err]C
for 3h under a pressure of 10 tons so as to produce 6-ply | am nat es.
The physical properties of the |am nates so produced are shown in

Table 4. In general, the resulting conposites exibited good resistance to
20 nethylene chloride. These conposites al so exhi bited excellent
dielectric properties, critical to their use in applications such as
printed circuit boards.



Tabl es 4 shows the conpositions of the E-glass reinforced PPE-

-pol yvi nyl - pol yepoxy resins of the present invention and the physical
properties of the cured | am nates. 25 The vi nyl conponent of
the exanples shown in Table 4 is either-26- triallisocyanurate (TAIC) or
triallylcyanurate (TAC). As shown in Table 4, TAC produces thernosets
with substantially higher Tgs than TAIC. In theory, however, any of a
nunber of vinyl resins Kabled:t BPE:Poywvinyt-Gllyepoxy Thednosets. To flanme
retard the thernoset, brom ne was incorporated in the formof 30

t et r abr onob{egrhRRahs A di gT yCI dyT] efohed. 1WWhdreas iy s|i st ap ef T dctisvd neans
of incorporfting bromne Into the thernoset resi nWeghifer brom nated resirs
or add{ ppo/agnecdelddeial so be jused. |R9geqad ¢poxy (12841 p 20ded 29w t{hzo4

present  [Benzoyl Peroxide (BPO) .18 | 118 | 118 [ 118 | 1.182b-1.18 | 1.18 VRIE Ijon
is a nultif (NEbs@hadro@siardliprofiae SNOWA 1| ni.iBablieg 4 1a8d | 5,18 whdriéad .18 | 1.i8
epoxi di zed hovaliBRsanatite(TAQIr ef erfred f ¢rm off t-he [28.80t i} 23.80ct RDHIRI] 2880 X\23.90
ot her mul THliyhsodyemredd (TAEDOX Y] 2399si( @390 1 @3%hs -such- &S - - -
1,1",2,2 -t pt Takbefdbisphenol-y| yci dophenyMfell Rdde | @by hetbispddS5| 245 | 245
- 26 - diglycidyl ether (DER 542, Dow ,
Chemical Co.) i
1.1°.2,2"-Tetrakis(3- 16.7 - - 16.7 - - - -
glycidoxyphenyl)ethane (Epon
1031, Shell Chemical Company)
Epoxidized cresol-formaldehyde - 16.7 - - 16.7 - - -
novolac (ECN 1299. CIBA)
Epoxidized 2.2-bis(4- - - 16.7 - - 16.7 -1 -
hydroxyphenyl) propane-
formadehyde novatac (SU-8,
Shell Chemical Company)
Epoxidized - - - - - - 16.7 -
phenol(dicyclopentadiene) |
novalac

Epoxidized phenol - - - - - - o - 4467
formaldehyde novalac (EPN
1138.CIBA)

Zinc octoate 1.47 147 1.47 147 1.47 147 | 147 | 147
2-Ethyl-4-methylimidazole . 0.2 0.2 0.2 0.2 .02 4 0.2 0.2 0.2
{Ethacure. Ethyl Co.) .
2,2-Bis(t-butylperoxy)-3.5- 1.47 1.47 1.47 1.47 1.47 1.47 1.47 1.47
dimethylhex-3-yne  (Lupersol ’
130, Lucidol Co.) o ’

Reinforcement (E-Glass) 28 33 35 33 39 | 33 30 35
Properties
Tg (DMA. °C) 141 149 150 190 215 220 193 192
McCl) resistance | good good | good |good §good | good- | geed { goed .
Dielectric Constant (1 MHz) 4.95 440 | 400 {460 {410 | 450 430 | 470
Dissipatioa Factor(1 MHz) 0.008 {0.006 10.006 {0.0i2 [0.009 {0.009 |0.007 {0:008 .
Flammability v-0 V-0 V-0 | V0 V-0 V-0 V-0 V-0




Tabl e 4: PPE- Pol yvi nyl - Pol yepoxy Ther nosets. For mul ati on

10 11 12 13 14 15 16 17 PPO #1 ([err]=0.40
dl / g) 29. 4 29. 4 29. 4 29. 4 29. 4 29. 4 29. 4 29. 4
Benzoyl Peroxi de (BPO) 1.18 1.18 1.18 1.18 1.18
1.18 1.18 1.18 2, 2-bi s(4- hydro%phenyl ) pr opane 1.18 1.18
1.18 1.18 1.18 1.18 1.18 iy Triallyl cyanurate (TAC

- - 23. 90 23 90 23.90 23.90 23.90
Tr| al lylisocyanurate (T d ls23 90 23.90 - - -
- Tet r abr ono |sp eno 24.5 24.5 24.5 24.5
24. 5 24.5 24.5 24 f Acompdﬁrtgdry@mrdphsmgher (DER 542. Dow

Chem cal Co.) 16.7

; 1 (afa pohg(P@eansaé e |hﬁ¥mﬁameuv@s6 average molsgylar
Shel I Chem Ca'w&@ﬂ?@f‘ﬂém about 3%&&5&%’ 1gr®§pém£o%r mal dehyde - 16. 7

16. 7 CN 1299. Cl BA)

EpOXI di zeds2. 2-bi s(4-  (b) at least one allylic corﬂ%otﬁ\dd - I (SU— N 16. 7
- I e e noval ac
Shel | Chg)r/nd::gryggﬁggn;) Io(r Ogt Eaagbgr;@ of getyomlnated epoxy compound.and a mixture

é ﬂfgr# ﬂated and nén- bromma@beé'%)éﬂéo%(ﬁ&ﬂﬁe %ﬁd' ene)
noval ac EpOXI ize )
: - 16. ‘(d) at Ieastfcmmat alebreieatalysahm a(duiNg agent. 1138. CLBA)

Zi nc octoate 1.47 1.47 1. 47

1|. 47  1.47 2- Et hﬁ ﬁm%ﬁtf% ?Jfaéﬁ'ﬂé‘ Whef@'"z 0.2 0.2 0.2

(23 g . 0(5 10 t0I 2 éa)sthe péiﬂ;)%ﬁ?fe@lg?&h@?hs f8m about 2% t9 ahout 60% by
is utyl pero ) 3 ;

1.47  1.47 welghm%%emtahe&maozgen. (Lgpersol . 3;30, Lu0|9dol Cgé)

Rei nforcenent (E-d ass) g

30 35 Properti edb) the a"yf*ﬁ fmotlggrc]oejpnses from"about 4%4@1 to aboutg

150 190  8d%5 by welghh of thé@&al corﬁﬁasmon MeQ [err] resistance
good good good good good good Dielectric

Constant (1 MHz) 4.95 (c)at Iggst ong gga bramgwted epoxy compobnd andda mxturd 70
8‘_ gggpag' 88 8F%?%%'(°h inated a rlncp PQrQ Bromitial®8 epdsy %gr\ppgun C@WQ'IS%%%RUT] Jibe ?
V-0 V-0 O\ % to abolit 50% by weight of the total composition; and

(d) at least one of the cure catalyst or the curing agent is from
about 0.01% to about 6% by weight of the total composition.

3. A composition of claim 2 wherein the poly(phenylene

20 ether) has a number average molecular weight of less than about 10,000.

4, A composition of claim 3 wherein the brominated epoxy
compound is a glycidyl ether of a brominated bisphenol or a glycidyl ether of a
brominated multifunctional phenol.

5. A composition of claim 4 wherein the poly(phenylene

25 ether) is poly(2,6-dimethyl-1,4-phenylene ether) or poly(2,6-dimethyl-1,4-
phenylene-co-2,3,6-trimethyl-1,4-phenylene ether.

6. A composition of claim § wherein the brominated epoxy
compound is a glycidyl ether of tetrabromobisphenol-A, 2,2',6,6'-tetramethyi-
3,3',5,5'-tetrabromobisphenol, or a brominated phenolic resin.

30 7. A composition of claim 3 wherein the allylic compound is a
triallyl cyanurate, triallyl isocyanurate, diallyl phthalate, allyl glycidyl ether.
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. - 27 -
VWhat is clained is: 1. A conposition conprising:
(a) a poly(phenyl ene ether) having a nunber average nol ecul ar wei ght
of from about 3,000 to about 15,000 g/nol; 5 " (b) at |east
one allylic conmpound; (pp-at | east one of a brom nated
epoxy conpound and a m xture of a brom nated and non-brom nat ed
epoxy conpound; and 8 A (d) at |east one of a cure catalyst
and a curing agent. - A composition ofZXlaifm GONRERH tH éﬂyg £in,
10 co (’i@%st%e lﬁ%liﬁ pogen | ene ether) is frompgf c()@k Jort?eo\gggécfgt
sovby  welSMPTSES RPEBY "ol il inlts ‘represented by at leagtbpnihef
al lyli c conpouhdrroolasij B, f\r,amamieous): 40% t o about 80% by wei ght of

the total conposition;

(c) at |east one of a brom nated
epoxy conpound and a m xture 15 of a9 i

ted and non-brom nated epoxy

n
Ci

conpound conprises from about 0.016 t o about 50% by wei ght of the
total conposition; and N at |east one of the cure

catal yst or the curing agent is fro potto-8-01% t 0 about 6% by wei ght
of the total conposition. 3. A conposition of claim?2
wherei n the pol y(phenyl ene 20 ether) Jas a nunber average nol ecul ar wei ght
of |less than about 10, 000. Q? a'4. A conposition of claim3
wherein the brom nated epoxy conmpound is a glycidyl ether of a

br om nat edSbi sphenol or a glycidyl ether (gf a brom nat ed

mul tifunctional phenol. 5 A conposition of claimi4

wherein the pol y(phenylene 25 ether) is poiy(2,6-dinethyl-1,4-phenylene
et her) or poly(2, 6-dinethyl-1, 4- I
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‘OOH
10 R @ @ ¢
()
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phenyl ene-co- 2, 3, 6-tri net hyl - 1, 4- phenyl ene et her. 6. A
-conposition of claim5 wherein the brom nated epoxy conpound is a

gl ycidyl ether of tetrabronobi sphenol-A 2,2',6,6" -tetranethyl -

3,3 ,5,5 -tetrabronobi sphenol, or a brom nated phenolic resin. 30

7. A conposition of claim3 wherein the aldgydic conmpound is a triallyl
cyanurate, triallyl isocyanurate, diallyl phthalate, allyl glycidyl ether.
- 28 - 8. A conposition of claim3 wherein the
pol y(phenyl ene et her) conpri ses a pI ur aINgy?)%f structural units represented
by at |east one of Fornulas I, 1] and VII1:
[err] 2 (R1)2 -29- [err]
H
1
2 ;. and
V)
a? Q'
A'—f——0— 0
o o'
— ~ m n
5 - .
(vViy

wherein:
Q' and Q2 independently represent hydrogen, ‘haloegen, -alkyl, anyl,
10 mixed alkyl-aryl hydrocarbons, alkoxy, or thioalkyl;
R' at each occurrence independently represents hydrogen, Ci.1o alkyl,
or Ce-10 aryl;
R? at each occumence is independently hydrogen, or Cio atkyl,
preferably a C4-C4¢ alkyl;
15 n represents an integer from about 1 to about 5; and
m represents an integer from about 5 to about 100.
9. A composition of claim 8 wherein R? is C;-Cyo alkyl.
10. A composition comprising:
(a) a poly(phenyiene ether) having a number average molecular
20  weight of from about 3,000 to about 15,000 g/mol;
(b) at least one compound comprising at least one allylic
functionality;

* C L " H) *



wherein Qerr] and- err] independently represent hydrogen,

hal ogen, al kyl, aryl, 10 m xed al kyl -aryl hydrocarbons, al koxy, or

t hi oal kyl ; R at each occurrence i ndependently represents
hydrogen, (err] al kyl, or Jerr] aryl; Rlerr] at each
occurrence is independently hydrogen, or_gherr] alkyl, preferably a
Cerr]-Cerr] alkyl; 15 n representS an integer fromabout 1 to about
5; and m represents an integer fromabout 5 to about 100.

9. A conposition of Ckﬁ'al”f‘l@aéﬁ"}ﬁ %H&nﬂ\ﬂerd]eﬁo?(gﬁ l]"% Shé]nayl é’ﬁé’e ?fh%r)

10. A conposition conpri‘sin
havi ng a nunber avbragmaten amntlhan -b2éminsted epory cbmnsuabput 3,000 to about
15,000 gimli i ofiatigi orlor Eh Sy SoAPR A Somprl Sino at | east
(e) reinforcing material.
s 11. A composition of claim 10 wherein:
(a) the poly(phenylene ether) comprises from about 2%
to about 60% by weight of the total composition;
(b) the allylic containing compound comp.rises from about
5% to about 65% by weight of the total;
10 (c) at least one of a brominated epoxy compound and a mixture
of a brominated and non-brominated epoxy compound comprises. from about
0.01% to about 50% by weight of the total composition;
(d) the brominated epoxy compound comprises from about
0.01% to about 40% by weight of the total composition;
15 (e) the at least one of the cure catalyst or the curing agent
comprises from about 0% to about 10% by weight of the total composition; and
(f) the reinforcing material comprises from about 10% to about
75% by weight of the total composition.
12. A composition of claim 11 wherein the poly(phenylene
20 ether) has a number average molecular weight of less than about 10,000.
13. A composition of cléim 12 wherein the brominated
compound is a glycidyl ether of a brominated bisphenol or a glycidy! ether of a
brominated multifunctional phenol.
14. A composition of claim 13 wherein the poly(phenylene
25 ether) is poly(2,6-dimethyl-1,4-phenylene ether) or poly(2,6-dimethyl-1,4-
phenylene-co-2,3,6-trimethyl-1,4-phenylene ether.
15. A composition of claim 14 wherein the brominated
compound is a glycidyl ether of tetrabromobisphenol-A or 2,2'.6,6'-
tetramethyi-3,3',5,5'-tetrabromobisphenol; or a brominated phenolic resin.
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- 30- (c) at least of a brom nated epoxy conmpound and a

., mxture of a brom nated and non-brom nated epoxy conpound;

(d) at | east one of a cure catalyst or a curing agent; and

(e) reinforcing material. 5 11. A conposition of claim 10
wher ei n: (a) the-avly(phenyl ene ether) conprises
from about 2% to about 60% by wei ght of the total conposition;

(b) the allylic containing conpound conprises from about 5% t o about

65% by wei ght of the totlél; #Pocomposition of claim 16gyherein besallyiaeompound is

non- br om nat o8 SaY, LR Bt r e aBuratecialyl 2RSS s aivsidy! 006

by wei ght of st otal conposition; (d) the brom nated

epoxy conpound conprises from about 0.01% to about 40% by wei ght of

the total conposition; 13. A composition of elpim 6 wihereinthe allylic sompoesndis e

catal yst or the.curing agent . ri rom about 0% to about 10% by
ToEl Y EnBEEF by 8 il FBcarale.

wei ght  of hea_ (f) the reinforcing
material conprises fromigbouls IfnpesittdiPUdf claim 7?0 WherdihJltfe OfeinfBridgt al
conposi tion. o ) .12 A conposition of claim 11l wherein the

pol y( phenyl entaterialds eriporgasicamatatigber axganigy@at@nialcul ar wei ght of | ess

wherein the bi o nat ed 19 A compesiien SCeaindy SRR s tioRit Mandalja

bi sphenol or g g;hygbdpbly@m létfe sulfide). bromi nated mul tifunctional phenol.
14. A conposition of claim ]\./3 wherein the_ pol y(phenyl ene 25 ether) is

pol y( 2, 6- 8 met hyl - 1, 4- pkBnN eadPesten )ofoelaipil yeomprigingednhramingted epoxy
phenyl ene- co- %ori\’ %—uhai met hyl - 1, 4- phenyl ene et her. 15. A
conposition o PRUIN" 14 wherein the broni nat ed compound is a gl ycidyl
et her of tetrabronobi sphenol-A or 2,2',6,6"-

tetramethyl -3,3',5,5 -tetrabronobi sphenol; or a brom nated phenolic resin.
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- 31 - 16. A conposition of claim15 wherein the

- allylic conmpound is atriallyl cyanurate, triallyl isocyanurate,
diallyl phthalate or a allyl glycidyl et her. 17. A
conposition of claim16 wherein the allylgg.conpound is 5 a triallyl
cyanurate or a triallyl isocyanurate. 18. A
conposition of claim 17 wherein the reinforcing material is an
i norgani c material BOW{BAENYLENE EBHER) THERMOSET COMPOSIBIOMNS
conposition of claim18 wherein the reiRgorci ng material is E gl ass or
pol y( phenyl ene sul fide). 10 strachg” A conposition of claim1

conprising a brom nated epoxy conpound.

The present invention describes poly(phenylene ether) (PPE)
s themoset compositions comprising PPE, an allylic compound, at least one of
a brominated epoxy compound and a mixture of a brominated and non-
brominated epoxy compound, and at least one of a cure catalyst or a curing
agent. These compositions are curable, flame resistant and-can be used in
electrical applications such as circuit boards. Also disclosed are maeit

10 processable compositions.
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