WO 2008/ 144252PCT/ US2008/ 063177 FLAME RETARDANT COWPOSI TI ON Backgr ound of
the Invention 5 The present /i'nvention relates to epoxy resin conpositions
and in particular to curable epoxy resin conpositions for use in

el ectrical lam nate applications and el ectrical |am nates prepared

t her ef r onWQ 200§/814250nmoN practi ce to nmake el ectrical |eeAmsweswsaEnd ot her
fiber-reinforced conposites 10 froma fibrous reinforcenent and an epoxy-
containing matrix resin. BLAYW RETARRANI COMPOITINNcess for maki ng such a
| am nate may conprise the follow ng steps: (1) An epoxy-containing
formulation is applied to or inpregnated into a substrate by rolling,

di ppi ng, Bprkaydund of the beentkonown t echni ques and/ or conbi nati ons thereof. The
15substrate is typically a woven or nonwoven fiber mat containing, for

i nstance, glass fibers or paper. The epoxy resin fornul ati on enpl oyed for
i npr eghat Thgpresengi@n@iiah l'd!atdis&f) epdxgdediDca@spositiahdting v partidular tlli@abidgoggNat ed
substrate is "B-staged" atjng at a ter erature sufficient to draw 20
of f sol vefft!h, CﬂmP?Fé“‘g‘ﬁg %@ﬁ? FriEP APl BHECOPEa GHEMS t o
partial | ypepired thbefréRoXy- cont ai ning fornul ation, so that the inpregnated
substrate can be handl ed easily. The "B—staging" step is usually carried
out at a tenperature of from90C to 210C and for a tine of from1 mnute
to 15 m nuiESmnldiGorhdiRE BARARLARBSANARRs bitdthd: SBML LRI AP BpsGREI NY 1S
generally referred to as a "prepreg". The tenperature used for "B- stagi ng"
is nodd 2@0@@mswl&®m@ranééﬁwt edtaiiag mAOE resE. 20PKcd srareleef s i cal

| am nat eSprocds3lor ind iR EmBRGhsy BhnoRER flo@if hacked or laid up in
alternatl%g | 'ayers th one or e sheets of a conductive material, such
as copper f0|I if an electrical lamnate is desired. 30(4) The Iald up

sheets ar Eéﬁﬂco% rpﬁ%n%ﬁnﬁ’&rlé‘%ﬂlﬁdr%& i 1%§1§alfl¢{demto%rs%1§stt¢]{er£?r sufficient

to cure t orma famn | ami nat i on
step is usﬂakl@p@agW@emmgﬂﬂﬁﬁandmﬁeﬁmmqandmﬂ@xnm$mmmMEﬂmnhérﬁmen 165C and

200C. The m nation.ste al so be._carrjed out Ln.,two or stages
such 1 PR e b Py ot bt Stnite. LS e B ot ween
165C and A#eCThd: Jspbxp FSBSfutRulationledipdd ey fdrainpeeimiin®is dMrally referred to as

2008/ 144252PCT/ US2008/ 063177 N cn2 and 500 N'cn2. The lam nation step is
usual |y caff®d out for a tine of from1l mnute to 200 minutes, and nost
often for 45 mnutes to 90 mnutes. The |am nation step may optlonally be
carried out_at higher te eratures for shorter tinmes (such as in

cont i nuoue’ F]é‘fh‘ifrﬁ’é?gnétﬁd hsEas e Bysiagedt by hqagpgde emppaaturg suifigigaito €8Mper at ur es
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| am nate, for exanple, a copper-clad | am nate, @gost treatéd by

heating féRianing feEnuatics, %thﬂféh@@?ﬂi%a!iﬁ@d avhftrm@émhapﬂ epgie Thyhig-
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post -t r eat mert me usually is between m nut es "‘and urs.
from 1 minute to 15 minutes. The impregnated substrate that results from B- stavmc is

generally referred to as a "prepreg”. The temperature used for "B-staging” is most
25  commonly 100°C for composites and 130°C to 200°C for electrical laminates.

(3) One or more sheets of prepreg are stacked or laid up in alternating layers with one or

more sheets of a condnctive material, such as copper foil, if an electrical laminate is desired.

30  (4) The laid-up sheets are pressed at high temperature and pressure for a time sufficient to
cure the resin and form a laminate. The temperature of this lamination step is usually
between 100°C and 230°C, and is most often between 165°C and 200°C. The tamination
step may also be carried out in two or more stages, such as a first stage between 100°C and

150°C and a second stage at between 165°C and 190°C. The pressure is usually between 50



Various flame retardant additives are typically incorporated into the
conposition, such as brom ne or phosphorous-containing conponents, in
order to increase the flane retardancy of the final conposition. 15 One
type of flanme retardant epoxy resin conmposition commonly used for

el ectri calwo zo9%/naei2ng appl i cati ons conprises a brom naCeUSBemey17r esi n
prepared froma diglycidyl ethers of bisphenol A and a tetrabronobisphenol
A, di cyandi/amiaid 588 NécniaF aielamimatiemstariganially sotisknt faudinead fmoet one, and an
accel er at gfip JDOA8%:L LANSLLLAD, fPAPEEALM o0l A 20neHEed.eRoKy © esin
prepared from such varnrsh conpositi ons I s undesi raeb’ly I'OW, 1 or xanpl e

f r om aboutnad bfE@ ity bbcuiticdl@b & highel @wipgladss: fbr hnsérttingn (dwelnipan abntin@owsesul t s
in a ci rcxi t. %oard V\hiésls;h LS ugs%tat&ke for use at high .t?%geratures. A
var ni sh cGTHBEORPERCYEY Chppiqedtindm 4 875 FRPHABFE (T tb R &P Eie
producki oprooéssdd. el ectrical | am nates conprises a blend of a diglycidyl

et her of bisphenol A and either bisphenol or tetrabronobi sphenol A and a
di cyandi am de as a hardener. The diglycidyl ether of bisphenol Ais

react ed i OpGbdatlywhd ResBiisPRBMAe, for 3RANAE, alcBb AR MRRESDRORGL phstdRGed

. di cyandi am de during inpregnation of the reinforcing web and the parti al
cure of t Rehsasiag foredise a?g}gh “ére@‘?@mtpﬁft@f%ﬁ}{fc-ih?g’g}%@y‘? ofests var ni sh
conposi t i gl heRdsud A PodrinNab e &Ja@tso@%égoﬁmmeﬁﬁm%sum§ b&@bdy | ow
glass transition tenperature (less than 135C). Another conmrnon materi al
whi ch1fs d8ménutes ap¢é2b¢wetrical |aminate industry is a so-called FR-4
(Flame resistant 4) resin. A FR-4 resin can be produced by reacting

t et r abr onobi sphenol A and optionally bisphenol A with an excess of

di gl yci dyVaeeusdlamefretaid@nt 20081 42520 iWS2OO8LDBBLNT chnmypitienclichas The FR-4
resinis n_ faormil wi th .sol vent n Lcyandi am de to _produce a
o nat o. A T RREAL B okl RELHER S R B Y AR A PSS

di cyandi anf tlefindi kempamitionat e al so exhi bits an undesirably | ow gl ass
trans':léi on tenperature (usually between 130C and 150C). 5 However, there
r emai a need for further materials with higher glass transition

t enper at uoastyphohilgh: @taadust Epoan fsinicompbfigredoainbny issd foeeltiriedl because it
provi des hi %Qer BXi mum o erath%él% enperature for the resultant printed
circuit b ung appNCHLaNE FUIRTEFY § Prgmialad cRer e e Arepype P2 dgpiiddat i ons i n
whi ch firah&ebawigmegi A sd NBRibk@dbidpEerd] Ae8ikPanbiRkids b hawkfi el ei m de
triazine cyanate ester and epoxy resin (referred to generally as "BT-epoxy
resi ns") . OTStRif SHENEFICA RS ackEe (1 @p akelgrates. ThsglapdragsifoNsmparatiprefzes. U, S.
Pat engg Noeurds 4aly fedit prelRRATRBE R SRish ARRbdERLE RRndirablp kA0 8Z L ARdle
Japanese Pat ent |ication No. 58138725. 15 Although materials with a

hi gh gl as8omabgisil &@O@Wéﬁ%{’ﬁurﬁelwéﬂs&m@mt@qlpegm repatteinjaadirsuitisual | y
show i ncrﬁgjﬁpghipﬁishﬁ]glg&gﬁ%ﬂﬁgﬁlt}ﬁ%g{e& oLed.educed toughness. It is
desirable to provide a material that not only has a high glass transition
tenperature, but also has inproved toughness, as well as excellent flane

retar danCX 'vat%?sh %8%5%011 for application to a reinforcing web used in the production of
25  electrical laminates comprises a blend of a diglycidyl ether of bisphenol A and either
bisphenol or tetrabromobisphenol A and a dicyandiamide as a hardener. The diglycidyl
ether of bisphenol A is reacted in situ with bisphenol A and/or tetrabromobisphenol A and
“dicyandiamide during impregnation of the reinforcing web and the partial cure of the resin
(see for example U.S. Pat. No. 3,738,862). This varnish compesition leads to a laminate that

30  also exhibits an undesirably low glass transition temperatuare (less than 135°C).

Another common material which is used in the electrical laminate industry is a so-called
FR-4 (Flame resistant 4) resin. A FR-4 resin can be produced by reacting

tetrabromobisphenol A and optionally bisphenol A with an excess of diglycidyl ether of
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Accordingly, in a first aspect of the present disclosure, there is
provided a curabl e epoxy resin conposition conprising: 25 (a) at |east one
oxazol i done-nodi fied epoxy resin which is the reaction product of an epoxy
resin and an isocyanate; (b) at |east one maleimde; (c) at |east one
cyanate ester; and optionally (d) at least one non-oxazol i done contai ning
epoxy resi nwo2@smesei n at | east one conponent of the caripesbishesis
conpri ses hal ogen or phosphorous to provide flane retardancy to the cured
conposi t i orhisphenohAp Tt ERrechsimribtheli fopmilatet! ReMhaxRENS LIS aRGidesl epoxy
resin (a) conpris s.haloggn or phos horﬁus to grovide flame. retardancy.

I n anot her $refet & THEHPCIG TR URR RCTyREn Y FRdriesie st dicyandigmidsotey
resin (d) Qﬂﬂiﬁﬁtb31@6'eﬂﬁlbit%%fhnﬁésizﬂi?@WQE%IﬁiﬁorP{eﬂlgb:qﬁer égﬁ‘ﬁﬁ heRLgancy. In
'yet another preferred WO 2008/ 144252PCl M52008/ 063177 enbodl ment, - t he
non-oxazolﬂagﬁém@dﬁgéﬁning epoxy resin (d) conprises hal ogen or
phosphorsous to provide flame retardancy and the oxazol i done-nadi fied epoxy
resin (a) is free or substantially free of hal ogen or phosphorous. 5 1In a

second asp&etert. there remaiesehneed ferdhuhen raterialsovid highepglassitiestan met hod of

making a c POXY.: €5l LLJ oppr.i.si t he. step, of m xi ng at
| east one oxgz%ﬁfﬁbnéﬁr%?%élge %%ogl%ﬁéegéﬁl%f ?%ﬁﬁirﬁ%gauf%léppé’giﬁ FB@‘% oduce
of an epoxyaxiggimopgrating remeoatya fictths rewiltahr @Eintddeasiit baed mal ei ni'de and at - |
I east one cyanate ester to forma curabl e epoxy resin conposition, wherein
at | east one conponent of the conposition conprises hal ogen or phosphorous
to 10 po ovAgertichlanpprefsiad desicypé for bhicatitns th #BOPEE feiaffAncy 18 ipdHa8f €4 ' ed
enbodi nent .tge 0 zolidgge-ngditied epoxy resin (a) conprises hal ogen or
" phosphor ouSsip orﬁﬁ% PEP IR R rifzis frapate e cRey jstia (wfered tenbodi ment |
t he non- owa@ﬂm@w@&?r&ymm. BREKMateABk Rre(dh:1cR M.§.%mhﬁk9.9€fbgg"64. '

re '

phosphorous to provide flanme retardancy. In yet another prefer

enbodi ment Y-St Feens B9 H436 013 é%ﬂ@é%é’ﬂ%ﬁ%ﬂh@at@péi@yﬁ@m qdapoegerRates
hal-ogen orpgsncRRANNOEBYS240 provide flame retardancy and the

oxazol i done-nodi fi ed epoxy resin (a) is free or substantially free of |
hal ogel? or - phosphorous. In a third aspect of the present disclosure,

ot cgnat | g ao s GP RS i T R AL R R R S o et 20

prepreg. upuallyflnw inhreasdécitioksst el therefoentedatied elughnese, It fshiegifibieo provi de a-

nmet hod of j I.el.ectrical. | aninate conprising the steps_of heating
t he abovep{g@?ﬁ%g%ﬁ?%fgaf o ya?ﬁﬂ@%@?ﬁ@?ﬁ@ﬁ%m 3?"(‘5661]?‘1%{;’?@&% t he epoxy
.conmponent ioprotddeoeghnpe sistwelhavdxtdllchifnedeeidihele and/ or the 25 cyanate
estery, | am nating one or nore |ayers of the prepreg with an electrically
conduc?i ve material; and heating the so forned | am nate at el evated
pressure &mdmetvevated tenperature. to forman electrical |amnate. In .
a fifth aspect of the present disclosure, there is provided a curable
‘epoxy resin conposition 30-cofprising: (a) from15 to 50 % by wei ght of
at | east Qf@rdiralyoin afine asprotiof the prapevdisdl@sia) theé Biproddddveci@he b resin
pr oduct OJO{J?;Q) ﬁ%ﬁ% resin and an isocyanate; (b) from5 to 30 % by wei ght
one RerBEEE: ' , o

- of at-I|eas

25 (a)at lgast‘one oxazoﬁdoﬁe—modiﬁed eﬁoxy resin which is the reactién prodﬁct of an epoxy
resin and an isocyanate;
(b) at least one maleimide;
(c) at least one cyanate esteré and optionally
(d) at least one non-oxazolidone containing epoxy resin, '

30  wherein at least one component of the compoéition comprises halogen or phosphorous to
provide flame retardancy to the cured composition. In a preferred embodiment, the
oxazolidone-modified epoxy resin (a) comprises halogen or phosphorous to provide flame.
retardancy. In another preferred embodiment, fhe non-oxazolidone containing epoxy resin

(d) comprises halogen or phosphorous to provide flame retardancy. In yet another preferred



(c) from10 to 40 % by weight of at |east one cyanate ester; (d) from 10
to 40 % by weight of at |east one non-oxazolidone containing epoxy .resin,
(e) at least one catalyst; and (f) from10 to 45 % by wei ght of at |east
one solvent, wherein at |east one conponent of the conposition conprises
hal ogen or phosphorous to provide flanme retardancy to the cured

conposi ti onwbo®/ 12t h aspect of the present disclosure f/ﬁ%fo d'6§17,prov_i ded
an electrical l|am nate conprising the conposition as de¥C| ned above,
wher ei n t heerhtRfinRat, Gehos oRikoBAEK I nRini eI AR f&?ﬁh'(@rbo&?ri's AfberPdr OF €at er
than 3 J In_a seventh aspect of the preseént” disclosure, thefre i's provided
an el ect ri CAPSALGIIHGPE esichgdanpp ardoip ovizolidone-awdifief epey redio(adis
wherein th ] : m nation on inpact of greater
than 5 J. %&gg&%ﬁﬁgpﬁeﬁﬁ?%@‘%%%ﬁ%%s n‘lt’rggg:'scl osure, there is provided

t he l.am nate produced by the above nethod. Preferably, the |lam nate has an
energy qf gel abmpdshe2NofRe proRACHisbsufl, 8ie8s prbviady Rreferably
greatergt-han 5J, ac!():%r di n'gpto t he test descl?i bed %ﬁet?ﬂ!yg(gg%gflegm@gl OoW.

I n anot her eporyoehimentposifion bemyistseeit sieh 8 LhOSHY £ leatonE Sxd-6ldUnehddgtbdt he use
- of an oxazgl i do'nermgi Bi.e (Fa'%ox%hr eai'n i.n an electrical |amnate for

i mproovi ng tHEYEHEr FPOL Qe FRRTALPOCS Of BR CRATY SBGEA 3B Mocrpaiehsithatdensint
di scl osur epnd hakigrjdesanp bOMh A e By BoRROE! ol foitn 28urthdd L1ed r@Q¥EpoliaNi NY a
glass transjtion ]%errperature of at.|east 170C when neasured l§)y o

Di f f er ent i XPEEEZRNEN GRCRMRACP AR, Jhe(QOTEpsitipheompyises alpeemer phopthodiugent  of

" the prEBenprodids Bhias HESdant e Be icireR LOMbEEhIA 1 O PRASH g2 Tl anme
retardancy of at |east V-'JIg of the ULQE tesnt. P%ferablﬁg? g}étjjg](‘c'):npositon of

the first epeidongmodified epasyiresiufa chmprises §hlage of phovshdrdwrto pemviderfhimer e of

at |east 1£Q6 WAL, TRARY j t.i Seanning, Cal ori met r DSC) and
or a flame 10ret épglancy gfé}%{yq%ﬂé%{ @ ’1&1%‘#‘0 ‘%‘29%8646 néa%’f’{’beﬂoﬁyéésfnurther
enbodi nent{(dd¢ompisesdatogemer phospliwewste praviverfanieseypdaniyd @dya anethagidrieal

| am nat e jf neray, of. .del am nation on i ct of greater than 3J,

pr ef er abl ;}&%ﬂrogg?egg &F:ﬁlgﬂﬁ 3%054&%1&%?0 RO E &P cfxﬁéssfnen@ CHULETI HERET A t he
Exanpllés tphbsphorobStolesvidd feamdesadanpl iand thefoxiAdRd dne\vesHificd b pderesin (a) is

oxazol i do:}e— nodi fg' ed eﬁr%%()%fg sin us%d in the present invention is forned
by the partical SPSELYals O PIGIPROY Xy resin with at | east one

i socyanate. Oxazolidone -groups-are:20 also fornmed fromthe .reaction of an
epoxy resin with the cyanate ester. Although the presence of groups forned

in this wayaitlird aspseirofiiieprepentidisclosyes thead isthenided 2 metimt! of amkirgfa progreg
oxazol i-dopg..ar-eup rned by. t he reaction. between,epoxi de and S
i socyg&at g&%ﬁgﬂ@ﬁaﬁéﬁéﬁ% i Orgwbrwmﬁ“e\ﬂbf’ © FRBPOSEIIIg Hofipa

nmust updgrdgaken prior to the use of t.he oxazolidone-nodified epoxy
resin in the composition of the present invention. 25 In a preferred
enbodi nent 1 he conposition conpyises from about 2% to about 80%

pr ef er abl %P aféogﬁnh %QB%Ef)ﬁ%%”feée“éﬂ@ﬁlf’s%%%%sé'ﬂm@faéﬁ%hﬂdwfmﬂbm abeentricaib% t o

about 60% e pref about 15% 1t o about 50%..and nost

pr ef er abl ‘glm?er{agér% agog e 9%0%?‘{?3%5%‘%%{“%%%/?%}’6 feP rﬁ%%o LFIPRAMLE sutficlent to

oxazol i dopreti 'aﬁydtafctéz_dcpcpumpn;pesbngfdﬁtmpe‘ dtiiﬁrrﬂiﬂ: Be niadmnftdﬁaﬁa/bpmc belt }Neen an
epoxyssr esifand. an isocyanat e. e re nentioned otherwse, a

perc &t agéé?n ar gs&'ﬁ a%qaé%(ﬂ o%ea%rerﬁogﬁafeﬁsegg{%f DIFPIES WD P flecrHCRly COPHCHYE

sol vent s.material; and heating the so formed laminate at elevated pressure and elevated temperature

to form-an electrical laminate.

In a fifth aspect of the present disclosure, there is provided a curable epoxy resin composition

30 comprising:



WD 2008/ 144252PCT/ US2008/ 063177 Preferably the oxazol i done-nodified epoxy
resin is an epoxy-term nated pol yoxazolidone having from about 5% to about
30% preferably fromabout 5% to about 20% nost preferably from about 10%
to about 20% of isocyanate content, and having from about 50%to about
100% preferably from about 75%to about 100% nost preferably nore than
about 5 90% of the original isocyanate groups converted to oxazol i done
rings and from about 0% to about 50% preferably from about 0% to about
25% oSt €5 & 30hod St G 1A AIRnENR0EI ARy kesRGIALEL &gr OUPS
conver to 1socyanurat€ rings. Suitably, the conposition conprises about
2%t 0 ahotibn gUuctptah epabl ipsihrodealrooyard®:t o 10 about 30% nore preferably

fromabout 10%to Bout. S(V%b \Mfi ht of the at |east one naleimde. The

nal ei nﬂaé‘r%éﬁ%éggfg LEEEY A %%‘&3(? 8‘2?1‘51 WP t he present invention 0

cont ai rﬁoﬂ:l ea%d 4‘92%139'5“%& S at 18t dRrdYuhae bitsrral ei mi de. . The mal eirnide
grab y a 1 iti

is pre he conposition preferably conprises fromabout 2%to
about 6DY%orpi @tedti by feight afbasieastone ronadyeEeliBOLONBIENIFOKEFEHLby from
about %1to about 40% even nore preferably from about 15%to about 35%
by wei §Het Stt%écﬁﬁalﬂsﬁﬁgg one cyanate ester. According to the present

I nvent L@@’onﬂl@wm%ye@éigﬁt&Q’ﬂle@gtﬂﬁle%blvleﬁ@.St one group of the formula .
-OCN. Preferably the cyanate ester contains at Ieﬁst 2 cyanate ester

gr oups whereimas leastibree enEpenialthgeommosiion cyrrse g egen; & PhPIRDAFAISIY :
partially.trinerized to formtrdazipe. +ings A triazine Nring is described
by thep?%’#ﬁﬁaér}e Rﬁ#éﬁar{cﬁéo glfzicnae[de‘%@tglrﬁrolhs partially trinerized, from about
1 percent to about 70 percent, preferably from about 5 percent to about 60

percent, npore preferably from about 20 _percent to, about. 50 percent .of the
cyanat & asixty asgee @ theaprasepbiiseasyrs.dBete & Py ’r?lne% A S?F‘ﬁjé‘@lt ]F’T“r‘l‘{:f@? CHREEe of

partially.t rﬂo@ﬁ%héﬁﬁeﬁ%ﬁ%ﬁ%@e,%e@ﬁ e IaDiBPRE! )l ch¥royWrlielhBnaMe@dnt he

functi oneﬁoln%y 0 e cyanate’ester contalns between about 2 and about 3
cyanat emgst of g@awetippan 3t nol ecul e on average, nore particularly when

In a seventh aspect of the present disclosure, there is provided an electrical laminate
comprising the composition as defined above, wherein the laminate has an energy of

delamination on impact of greater than 5 J.

In an embodiment of the present disclosure, there is provided the laminate produced by the
above method. Preferably, the laminate has an energy of delamination on impact of greater

than 3J, and more preferably greater than 5J, according to the test described in the Examples

below.
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the cyanate ester contains about 2 cyanate ester groups per nolecule on
average. For exanple, a partially trinmerized cyanate ester of bisphenol A
is particularly suitable. Optionally the mal ei m de and the cyanate ester
resins may be partially reacted together prior 5 to their inclusion in the
conposition of the present invention as described, for exanple, in U S.
Patent No. 4,456,712 and U.S. Patent No. 4,110, 364. The conposition can
conpri se addi-ti onal optional conponents, such as from-about 10000 10 ppm

to about 10 . preferabl r,om about. 2000 ppm t.o about 50 ppm .nor
preferably ﬁ%ﬂﬁﬁm}’c’ tﬁﬁmetﬂfe%g%?‘%?ﬂgeﬁgﬁﬁed? peowided hg u%f’rfg ap@g@:ﬁqhdﬁne—
catal yst baggdifRa dpbfy kiPin MRiIEMicA TakRHRTSH frhRBvEE The'd

Preferably, at Ieaergtg%ne 'sol vent |Cé present iIn I'?h‘e gonposeP% on. Yﬁ%%mn'
present, the solvent is 15 preferably used in an anount of from about 5%
t'o about - 50iamenlodimefitarfahé prebemmisehsute, #0226 isqmasbmﬁ a d¥posiaist aspleBh&d vy

fromab ut 0%to Iabout 35% based on g totg %EI ght of the fornulation
i ncl udi Ry sHWRENE &lass pstipiemperarge ek llgest 196 o Wiisa mreagerog by Lifferentialy
fr om about §cé1£ﬁh abesty 905 an 3QePhifnef &R % ol
.. 40% even nore pr ef er a”éﬁg’/p n?abo%te 15%to E%%g{eﬁp%%gﬁeg%%(%%Cﬁ)r?%}r%eh'lerels
resins t hatpramedaetcompazmbndiemg adbinde rethrdaoey bﬁaﬂsmﬂv Pof the tUHe4 tthmMébly,

. conponent avin est mhlch sen preferably used in_an
aount ot 1eRrBBionRG Sl st ARUPR TRk > Bh amun Gopegtanoe
. 30% nore aéag@woemmemﬁera@mealwmﬁ&ﬁuhps@nﬁm ci’a'io{qrﬁauy»@b and’or a fla e |
partlcqbarly pref.erred curabl e epoxy resin composi tion a cordlng to t

~present i nvewrdasay ebatdeast 85 Y(efjthe B 18stt o 50 % by weight of at |east one
oxazol i done=nodi fi ed epoxy resin which is the reactl on product of an epoxy

resin and an isocyan ) “from .-t 30 t. of at St one
nal ei nide; ?Qgﬁnﬁe(;,ﬁ%d{%eq @g‘ tg’ﬁ’i" ﬁﬁ@%‘i‘%’f‘
(d) from 1%3\%%1% eﬁ%,{gg Pbn {BBRY of fépﬂxaﬁ&a Z9bfe

). ast - one cat aIy

"~ epoxy resin st} and (f) ffom 10 -t 0 %by wer ght‘
- of -at Ieasacczmhngod)mstdmedlmtbﬂEkaapkesonb\ﬂconponent of 't he

. conposi4 i-on conprises ‘hal .ogen or phosphorous _to provide flame ret ardancy
- to the cured conposition. In a preferred enbodi ment, the. - - :
oxazol i donBetatediDéseriptioneof the lagerdiona) conpri ses. hal ogen or- phosphor ous to'
provi de flane retar dancy. I n another pref erred embodi ment, the -

- non- oxazol i done contai ni'ng epoxy-resin 5 (d) conprises halogen or
~“phosphor ouEhetoaapridenaimofifeertepezst rasid apasyin theprosent igvetion is fpmrdéqyrﬂeecpamal
-enbodi nent azol i do i n [

hal ogen or %ﬁ%’S%Sﬂ%tgeoau orfeclmxgv%l%gﬁgﬁ%r%ésr@g?ar %%a&g?ﬁc" g%%rsa'?

oxaz ol30d ondsorforhdd fesn é:rmtgcnba:of an @Ky irssit with thercysndtes¢stomt Aahd»qghftheee of
hal ogen or phosphorous, 10 . The.concentrati <9 re ant i,s,such.
that the é’&%ﬁ‘i‘f@ ‘{‘]%W 5 forigelan (his Wy ﬂ?““’tb?‘{] s?ss??%gﬁh%tr%%éﬁq %P | east
V-1, nore graligsmbiryumtard famed ﬁle&éachbﬁbhﬂm&élémide abilisbefahste. f‘m;amnal -
ret ardants are known to the skl ed person. onvent.i gnal in, the

prepar at i SeRCHER @ﬁb&@%ﬁ%ﬁlﬁ?‘ﬁéb‘?’é t%?“t“obq‘?i’ B 1 Heivgref the

oxazolidone-modified epoxy resin in the composmon of the presant invention. -

25 : : :
. Ina prcferred embodlment, the composmon comprises from about 2% to about 80%
preferably from about 5% to about 70%, more preferably from aboit 10% to about 60%,
even more preferably from about 15% to about 50%, and most preferably from about 20%
to about 40% by wel,:ht of the at least an oxazolidone-modified epoxy resin, obtained ﬁ'om

30 the reaction between an epoxy resin and an isocyanate.

Except where mentioned otherwise, all percentages are by Wcighf based on the total
formmlation excluding solvents. : '

3]



15 additives in the conposition to inprove the flame-retardancy of the
resulting lamnate. Commonly, an additive is used which contains hal ogen
or phosphorous groups. In a preferred enbodi nent, the oxazoli done-nodified
epoxy resin (a) conprises hal ogen or phosphorous to provide flane

r et ar dancywo 8¢s/t4atize hal ogen contai ni ng addi tives i nckad@siogsecewanpl e

t et rabr onodi phenyl ol propane, or epoxy resins prepared by reacting

di gl yci dyPr2@aldy Heroxgfolidiepheditéd ohowy tekintietr epbx ptrodinpleé pglyolapelsloane .
Preferred, hal ogen I I r e br om d retardants.
Exanpl es 8?8?%$§mg§{r)f§{qg%’ t? Igg?%%@%t &?Pga%%@?%c O&éﬁ%ﬁég%oél{e%@g’gn&osgpoxy resins
(especi al ppfdhitdniroatabont @ plixy ab@s LO%)of isbetanab canai| a0 hanmy frén GIBBA)%and its
derivatives, D . 542, D.E. R 560 whj ch avai |l abl.e from The Dow
Chen cal " BRSO DTS P B DB IAd © A e AR PGy, P By 0dbHEr . TemA
epoxy 6l i QOwRS theanigingl ib@fyakhdy ¢rvadsi coRertedradRal@itond rirfpy hidbe aBsld 0% wwnal
flame retarda addjtjives are given in a paper presented at "Flanme

r et ar dant §5quigé%saeﬁe@£mﬁ%%%% 0 £ RO PR (R BpYIFERi ti es”,
Fire Ret angapbmhaGhehGaa Sofscosiedibd Mso drdt@BR& Marriot | nner Harbour
Hotel, Baltinore M., Nﬁ?.ﬁ%4-27 1996. 30 AIté?natively, the flane
retardant conpounds used in the conposition of the present invention can

be non- hakggenaiRd HesRUNGmpEXRNBLE 2906 Bk uah)! %ef%%l;l QR about 5% to
non- hal ogenateéd flane retardants are given in U Pat'ent No. 6, 645, 631

and WD 20881 Ebanorprefandy fabopddiitosbonSs HEs Weiehapt the pdeashener el at ed

ref erence h 153 ar I Gul preferred.

For - exampl e EBR D BRI A R b BBl el

DE- A- 4308185, DE- A-4308187, WO A-96/ 07688, and WO A-96/ 07686 di scl ose the

use of phosphorus flanme retardants pre-feacted to forma di or

mul tifunctional epoxy resin. 5 Alter vel y, separate phosphorous

cont ai ni ng conponents can be used syich agNphesphonic acid esters. A

particularly preferred phosphorus-c aj/ni ng compound is 9, 10-di hydr o- 9-

oxa- 10- phosphaphenant hr ene- 10- oxi de ( ) or its derivatives.

Opt i onal | I onhe hal.ogenated fl retgrdant . and. at | east one

non-halogé%5$% lgigﬁgcfﬁmggﬁér %%#gcan be usedﬁiﬁn@%ﬁgﬁﬁgﬁp%ﬁ? s

pr ef er r edbistaaleiniithe f|l ame retardant is incorporated in the reacted resin

for exanple by providing reactive halide or phosphorous containing groups.

15Typically, in order to reach the desired fire retardancy level (V-0 in

]E Ihe Sﬂandahd;cdiﬂﬂbﬁiﬁbﬂ\ﬁﬂngy i@ﬁﬁfs@di@cﬁrﬁ'&'{bdufs% tﬂ&%dﬁﬂﬁb%l@r&ér}abﬁygfonﬁakbﬁﬂm nat ed
ane ret ant, t rom ne content is fromabout 40%to about 5%

pref er abl 3‘901&? affﬂua%@‘ﬁtm%fe% Sablh o wopt 195 @ ?%ﬁﬁ%a%wey TOFORFEESHE  25% t o

about 10%ro@REoR\ SR BB B5RTHe haidhY of the B 180ste Fiad QieabAtordidlimsed on
the total polymer weight in the product In the case of a phosphorus- 20

cont ai ni nEfefanBEEHtEn. fryarate esig solpas HesuNeEHPh theifermminoY@Nout 10% to
about 0. 2Percipf GE BPin¥te LYLIRARMIlar RY6 DQyANRsDe3YBs pEPRBIRHIELFT abI y Trom
about 5% to about 1% and even nore pre?erably %ron1about 4% to about 1.5%
based2$n wsegeothalcypoieater ispetfehbly ipartia e rigpaidertio forpbirippingriegsep fagtine

enbodi nents, the flanme retardaniois _gresent in at |east one epoxy resin.
The flanme retardant can be in eithgr e oxazol i done-nodi fi ed epoxy resin,
a non-oxazol i done nodi fied epoxy rgsinpy; or both. Prepregs can be

~ prepared by inpregnating a supportfhggor reinforcing web with the above 30
epoxy resin conposition (or varnish) by known nmethods such as those

descr i bedringis WQAbeAZEB: foAintlough #Hie anpunt Vieh thehgareyeosster isgmitiallyar ni sh
conposi tign whi are applied to the.reinforcin b wll_vary depending
on the s p@ﬂeflf%f &8]3 agﬂl&q @66‘5‘(’? 1o élg?uﬁe]\g ?rﬁ?rgﬁrcfleragly\%%m E\I%IOUTL 5 percc%t o

about 60 percent, more preferably from about 20 percent to about 50 percent of the cyanate

ester groups are polymerized to form triazines rings. The use of partially trimerized cyanate
25  ester is especially suitable when the functionality of the cyanate ester contains between

about 2 and about 3 cyanate ester groups per molecule on average, more particularly when



conposition enployed and the desire properties of the inpregnated cloth
and electrical |lam nates prepared therefrom the epoxy resin varnish
conposition of the present invention is generally applied to the
reinforcing web in conventional anmounts. The resin content of the prepreg
or lamnate is fromabout 80%to about 20% preferably fromabout 70%to

about 5 3IR9eyahmE estdcehi@ind Bbdut Rrcmaabat: ofhik b&@ rhele doXeragberdTpr egnat ed
web or prepreg is subsequently processea usi ng conventi onal techniques.

Such t ecFrgpIEs? RSy AMgAZes SEREe 2ot 6 Pisehgnpingy s meticapelyyuiiadds. n by heati ng
the inpregnated web to an el evated tenperature such as from about 100C to
about 200C. 10 Subsequently, the prepreg is fabricated into | am nates by

| ami nat i feptiondiyche moleemide end dig s yanatrastentoping mtaytbe partipiiedetted tigeber ioze,

wi th thi 2 f .an el ectr.i.cal . conductive materjal..such as copper foi
usi ng el a9 B FurRinf o BTORHET b BEREHEL ™ Ba e B 5% RFmPRER hat f ng
t enper at W.8. Razmy NbrosdEhiQuind 1B @atent oot 1R3IC, Wi th pressures varying
from about 341cPa to about 6.9 MPa. 15 The glass transition tenperature of
the fully cured | am nate prepared from above fornmulation is generally

hi gher than 110C, preferably higher than 150C, nore preferably higher than
170C, even nore preferably higher than 185C when neasured by Differentia
Scanni ng TBareRperEianFap pesariseaddifppal gptienabosrapansiis, sudpasdtem abrit H0Wer r ed

orbodime . . . . . Con.
Suitggle%%éggggéggoP@%ggﬁggﬁgﬁguc??g%§gﬁ)g%%§€¥¥g§%%ﬁggeg p§#3%§ggolidones
are di sclimseadbozsl 06 ppextanpde 106 pind 90 AtllBG8 One rEamiop caekystbasminprthsegalr eact i ng

t he poly%ﬁgﬁﬁgﬁ:cogggggd 'J& g(@gggy resin with a polyi socyanate conpound

in the pre nce of a caty Vs he reaction of the epoxy and isocyanate

groups at an elevated tenperature 30 The pol yepoxi de conpound useful for
produci ng, t he oxazol i done-substituted epoxy resin_is suitably a conpound
£ Eopd

whi ch podddEaps Hie PRANVEHE® CENERdRy piont VigB et the pRlvent is

pol yeRoXipeerfNBdNA ah SmEaitWF AbROLLBLL 30D SRLBHLALRE, Abk PRALABY from about
cycloaliphatic, aromatic or heterocyclic conpound which poSsesses nore

t han one 19%z0 apa% ¢0%r By preferablydiape plosit 8% o Mt htde basedise thatbtst weighed wi t h

one or ”%?@1?H?§ﬁd%ﬁ ‘§§%%3 are non-reactive with the WO
2008/1442525CT US%OO%?%G %ﬁgggcyanate groups such as |l ower al kyls and
hal ogens. Such pol yepoxi de conpounds are well known in the art.

1T ustratdv. l.yepoxi onpo useful n the practice t he present
inventio%héggﬂpg%%Eﬁ%ggﬁ?ﬁogﬁﬁgggﬁd%%gfﬂ%xh%%é@?m%ggpﬁ@o‘ﬁ%%?nEmBLee and
K. Newi | pefeulily frotetboinl (%0 forabbyt AdFEFeaww: triotd prefiiably ek ateond 144% So aiRat . No.
4. 066, 62 5 Particul arly usefuyl polyepoxide conpounds whi ch can be used
for the SP%cﬂSeP? SHTVOE P s et e RO GapAiRRGRE epeRyPerwEdn are

pol yepoxi des havi ng the general formula

A further optional component is a vinylester, which, when present, is preferably used in an
amount of from about 2% to about 40%, preferably from about 5% to about 30%, more

25  preferably from about 10% to about 25% by weight.

A particularly preferred curable epoxy resin composition according to the present invention
comprises (a) from 15 to 50 % by weight of at least one oxazolidone-modified epoxy resin
which 1s the reaction product of an epoxy resin and an isocyanate;

30 (b} from 5 to 30 % by weight of at least one maleimide;
(c) from 10 to 40 % by weight of at least one cyanate ester;
(d) from 10 to 40 % by weight of at least one non-oxazolidone containing epoxy resin,
(e) at least one catalyst; and

(£) from 10 to 45 % by weight of at least one solvent,



0/ EH2C-C H CH2-01-R n wherein Ris substituted or unsubstituted
aromatic, aliphatic, cycloaliphatic or heterocyclic 10 pol yval ent group
and n had an average value of from1l to |l ess than 8 The preferred

di epoxi des i nclude diglycidyl ether of 2,2-bis(4-hydroxyphenyl) propane
(generally referred to as bisphenol A) and diglycidyl ether of

2, 2-bi s( <. Ch - -gxﬂf nyl r.opane enerally referred to as
tetrabr oﬁ%ﬁ?@%lﬁ{eﬁgﬁ 0%. O)%t)é %tfog?l%ﬁo}nfﬁ?gg o%é'%ﬁ%l?a@gﬁﬁwmg‘mdan al so
be used iprovideflpnactirdencypto theeupdesepbsiticny itk pRferrei2mbaginRal Yiesocyanat e
conpound usef% for %eactin with the above pol yepoxides is represented by
the fol | WAy IGBHEIHINSE SpaTTasin (B cempyises Raloger @hpsphotoss tuberifs flael or
unsubst i trdtaiingy. i pRAGthEr prafeRBBEhBoddhe ShE hALYEbEIROL g and m
has ag aver age val ue oflbreater thaneabout 1to %%ss %ﬁ%%ﬁa%gﬁégﬁgn

pr ef erabl § $9epfisgbnlezen o5 pkesphesews to providsslanroeigrdaner. dblyyt duotier profeutd 2 t 0
about 3. JEXRARAES R nohl | tncl ude 4. 4' - net hyl ene
bis(phenylisocyanatéﬁ ( MDI c§ﬁ§9$¥%§@géﬁgﬁé§%%¢?cI?%Wg?héﬁﬁ?fFona

horol ogueXioghonps tq provide filye desidgrataed tesxiplidymenodifidDbpoxy résal UgRe

di i socya . a 4-tol uene diisocyanate and 2, 6-tol uene
diisocyaﬁ%%gfgﬁg%%F§H§%§()Ploﬁgbgﬁéngoﬁgﬁanethylene di i socyanat e
(FIA/ID) and isophoronediisocyanate. M xtures of any two or 25 nore

pol yil%oc nates can al.so be used .in %he ractice of the present invention.
Ot her sui)ﬁ?lﬁl?%ceﬁ%‘f §5®9§ﬁ£‘ft%rd6‘8ﬁf38ﬁ dhat ﬁweéoaee%ﬁl%éeblpﬁo wtisfy apleast Nos.
3, 313, 74N-24prEfefub§2B 1ARN 4, b préraply aﬁ/‘%el%)ﬁtr\?-@ P RIMSAGYAN BufafiOARAY nds are

4, 4" -nmet hyl ene bi s(phenyl i socyanate) and 30 isoners

pol ymer i CCBRts Ag knpwp énibe gkillsdpsrsgmat e (1DI). The nost preferred

pol yi socyanat e conpounds are 4, 4'-nethyl ene bi s(phenylisocyanate), isoners
t hereof and polyneric MDI. The nual ei m de conpounds used in accordance

wi t h t he Iigp eeyentiinal/iarthd pepaativinaifepaty-¢onating)labinasieo icorpors varddas

for a0, . F r.aal.ei m de y._be prepared by the reactiagon of _an
uns 2? Er af %%ngﬁ HI?/I Ficder \g\f@%ﬁ?}r@pﬁc’r@ﬁlﬁeﬁ) ﬁ‘ief%daﬁ%%%ge Brulgng lmingie. The
mal ei m d€oommiy adl adititehie upsdesigal cantal 6y Halspan BF B8PS JétHsain 4 €ast two
naleirnideﬁ%&gugﬁg Sui table 5 nml ei rai de conpounds includée e.g.
1- met hyl PEIAregicargisien M@?@P&m&%ﬁlﬂﬁﬁa@ﬁyﬁ%&zrww hilggen or
N, Nr - p- p pRéphaBebio prai@ Minstererlidity. biiRbidHaRREDEERNiRS ThdRves include for
N, N -4, 4- bi phenyl enebi smal ei m de,
, NO- 4, 45%agpie t%ﬂ?fﬁ@@ﬁlyhﬂwﬂ-%mawewe%pbmminepw'p@ted by reacting diglycidyl

Nlod, 4afhds &'biﬁhé}ﬁh%@} %«F’%}!ﬁ%ﬁ%@m@%@% ei mide, N, NI-4.4-(3,3 -

i et hyl di phenyl et ha , 4- di phenyl met hanebi smal ei m de,
0 N, N1-4, 4-di phenyl propanebi snal ei m de,

, W 3, 3' pdi i smakimde,. N, N1-4 4-di phenyl ether bi smal ei m de,
2 b o BB St BT Bt Exampiesof
2- hi s{ Balegepatey flarhe Etfrdammineludt HApReBRN ¥pHHRABhS RERBRANE bromidad S{ 4- (4-
mal ei m dophenoxy) phenyl i %%C ne, 4,4' -cyclohexylidene-bi’s 144-
mal ei m d%ﬁg’ﬁéﬁw@’ ;5@@%“}0- P@%ﬂ 6HeBRY@Rd gﬁé?ﬂ@??ﬂﬁbpéi[-Ré4£,4>-Ei§560
mal e23Ti dOPiE BRXY NI Ybh hﬁéﬁdﬁ@ﬁéﬂﬁ&ﬂmﬁnﬁl% lﬁ'&ﬁjnk‘ée#ghmy\@(\/v%hc an 1S
y

possible tg use nal ei m de conpounds with only one maleltnide group. O her
mal ei mi désyFiY sty BRA ergsiveolispmer, ped athenderivativeh eEperdornf skitdbleed i n t he

art and jdaglndendnostrdh SRR ad s xampl e, U S, _Patent No. 189, 116
and W8700835. 20 Ac%%%?%ig togﬁ?%“befr“gé% ?&pﬁ‘{%%"tt?%oai, F]&mw%?mf&‘?l&s“é’gﬁer |
cont ai nsBatic Penaticsolestgffoup crohtetfinere appombmticsOChte Rtedaredhamitde cyanat e
ester co I.: at,_].east cyanat ste ups per. mol ecul e on average.
The cyan%%sg&lgg néfkajlugl D g’%ﬁ‘?%@?’%?r %lﬁf 9 PP%T’M%@?Q@(&M@ M99 - azi ne N

30

NNZERPRPO ZZ

Altemnatively, the flame retardant compounds used in the composition of the present
invention can be non-halogenated compound. Examples of suitable additional non-

halogenated flame retardants are given in U.S. Patent No. 6,645,631 and WO 2005118604



O rings. Atriazine ring is described by the fornula. Qher cyanate esters
and triazines which are suitable will be known to the person skilled in
the art and 25 include those disclosed in, for exanple, U S. Patent No.

5, 886, 134 and EP 298742. The additional non-oxazolidone containi ng epoxy
resi ns optwoneBliys2ziezsed in the curabl e epoxy resin conposiuszoosnaare
preferably pol yepoxi de conpounds which are saturated or WD

2008/ 144252PaT 1S2)08] BE8hed. Fheghamnabedd 8hinphétrdants apymArgalariyhat i c,

o oMU G BRI SOTIIBL S008I RRCE TS, (120 298 8, 2 oPoc

group. Th ep oxi de P¢ cah ut'e one
substi t uerInBASélB@Bl%sDEMBoaBKyWQ ﬁ@ﬂ/OhéSSog&imWO V67681 Jiepex Hdaesesompounds

are wel | in.the ar 5 111us ive X|de conpounds useful in
the pract |P§8\M§'f"mf ﬂ@nﬁfe&%’ﬂfs Rr?i{'Fé‘ﬁtF‘i% B’?Fto dﬁ%’é’g‘ﬁ Aopd P Eftfrdbook  of
Epoxy Resum&nwveh‘y sEpardi€ph@pttbritus chRinide@opgblehs Radhd Red 86K abyhdb?rﬁn&w HlT,

New Yor k an% . Pat ent No, 4 066, 628. 10 Particul arly usef
" pol yepoxi d8SEH o RERICHPRCATECHAC BROSHRASH-F9RiAitRE Gompendds Odp-ditydrayt-esent

i nvent i on oRk-20-PRbYRBXISBSHBAVIRMDOP) of hatipgivaeneral formula: 0 /
[ H2C-C wher ein IS substituted or unsubstituted

aromatic, aliphatic, alicyclic, cycloaliphatic or heterocyclic polyval ent

group and chbagy am&x%@@%g@ﬁt&@ fﬁﬁefr&aﬁaﬂta& A&éaa Jnéa&l ﬁalé«ﬁen%é?ﬁ% s of

epoxy resins th ai may be used include for exanple, the glyci ers of
r esor dPnolretardant samhiert usedipchosiaiiohe, bi sphenol | blsphenol A blsphenol AP
(1, 1-bi s(4- hydroxyl phenyO- 1- phenyl ethane), bi sphenol F, bisphenol K

t et r abr onobi sphenol A, phenol - f or mal dehyde novol ac resins, bisphenol

A-for mal déﬁygefmddiaaﬁieﬂembnSardhithhenmratQ@mFthef wial "eh jaexnopeobac resins,
al kyl sub }lvgcflug ed, wgﬂ lf.ormal dehyde resins Qhenol hydr oxybenzal dehyde
resins, eso %1 roxy enzaPaoe e resi nsg%‘jé’ycl opent adi ene- phenol
resins, cllcyclopentadiene- substltuted phenol resins

tetraneth henol tetra r abr

tetr aﬁ:gt YPIF?IB Bt Speato }élrf‘ﬁ d%B‘fyg E&B‘%ﬂlﬁﬁt&nﬁ’m conbi nati on

t her eof . ZEHd@ﬁﬁﬁlﬁﬁoﬁforﬂlmméﬂﬁ&ﬁlm)@& adfrémipated flend Ridrdanysief ul i ncl ude

di gl ycidyl ether of 2, 2-bis (4- hydr henyl ) ropan t3E)general I ¥ referred
T,

to as bi spraHet Coﬂyenb‘ﬁémﬁi Bé’P%‘}Og‘S/TO a@?‘l‘fér)é;pé’f’ef?‘alﬁy Tgmabou to about 8

(3, 5-di br e ﬁeﬁbﬁ@l’y@%‘dﬁ@ Ry 3% RS SRane)%. gaaevaalmhote pefeptblyefloh @@ 20%
t et r abr onobi sphenol . 30 M xtures of any two or nore non-oxazolidone

cont ai ni n§ zg)@pt),]@g@‘gqs an thg g} Ipelymse wgighin the product. In the case of a phosphorns-

20 containing flame retardant, the phosphorus content is from about 10% to about (.2%,
preferably from about 8% to about 0.5%, more preferably from about 5% to about 1%, and
- even more preferably from about 4% to about 1.5% based on the total polymer weight in the

product.

25  Inpreferred embodiments, the flame retardant is present in at least one epoxy resin, The
flame retardant can be in either the oxazolidone-modified epoxy resin, a non-oxazolidene

modified epoxy resin, or both.

Prepregs can be prepared by impregnating a supporting or reinforcing web with the above
30  epoxy resin composition (or varnish) by known methods such as those described in

W001/42359.

Although the amounts of the epoxy resin varnish composition which are applied to the

reinforcing web will vary depending on the specific web and epoxy resin varnish



WD 2008/ 144252PCT1US2008/ 063177 O her useful epoxi de conpounds whi ch can
be used are cycloaliphatic epoxides. A cycloaliphatic epoxide consists of
a saturated carbon ring having an epoxy oxygen bonded to two vicinal atons
in the carbon ring for exanple as illustrated by the foll ow ng general
f or mul a: The cycl oal i phati c epoxi de may be a nonoepoxi de, a di epoxide,
a pol yepoxbmgosition anplbyet] une thefdetiRqseperf@rof Sampl@natd Yo andR&crrical
cycl oal i phat.ic epoxide described in U S Patent No. 3,686, 359 can be
used. 10 ﬁPém%thg‘ﬁPaée"gtBF’i?éﬂ%thgﬁp?WW ERPISH perpedon dshepntposinvémios of
the presemd odnBMBPLHNRI & Be rHRSRIY WM G ohd AU bES o i he

Ahpi i sag \g@dqﬁlcéloht%gblg‘a; 8&1\%{;‘% 140 A8 comgent of the y

epoxy-term nat ed pol yoxazol i done are sol u Ichare surficre

vol ati | e STFEFELHIaMipEeF feog asatt BoBrte abrait QaFenprsferabbnyosiabbarrolehabeutand/ or
duri ngst hgpRakbldlefdh @%/ the.final cure. Illustrative

exanpl es of ’sucLea%?ganﬁc aﬁ“&ﬁ%g&g?oéﬁgg%pi ous glycol ethers such as

et hyl ene or propyl ene glycol nononethylether and the esters thereof such

as ethyle | ycol nonet hyl et.her acetate; ketones such as methylisobutyl
ket one, rrrs'a?%)%'l1 %?%13? fag%'ee?ooﬁ BePHEEt Wée“é’ﬁﬁ?WPWWd%%GBWenR@E% frshnigygy.
aromati c Bydregaiduentiveiue hdascih @hBaeuding HoHpsNEeh bgihéﬁtﬂfv‘%ﬁet hereof. O
such organic |I%HI\%%, t hose pre?erably used as the solvent In the epoxy

resin conPodrEid t¢ AR Clg¥AeEiRImPERtIrhysh@rl Hamabeutt INE°K Bt Bres300°C.

parti cul aghps {198 priBbhl - vl isobutyl ketone, or
i xtures of t esepketpo%jg" v}éwf?}%{%baé%ﬁﬁgﬁﬁggaor B(/\nlqﬁ#%ﬁéogeror%%@eepfﬁpr?ﬁ’e ot her
sol vent s. CORReRY §@tg 8 progetemined sive, béthubimdaareofdinrbtctrichl cubifiawt dedRVSO)
Nret hyl py |, L ' rmam de. 25 The unt. of saql vent nost
advant age%&gla%/ gﬁ%{;g{éﬂ% %EH%& glegi TS eso?ndtﬂ’i%gmﬂ?%?éﬁi’mﬁ“ﬁ%m f6n will vary
dependi nglagwnaging mipetayuro arfydenostout MR1°Qdb Aot D80 PRk Prlsdre SRAVER From

har dener &%91 %p@(ayt r sitg gelggl oyed, desired properties of the epoxy resin
conposi tion % or e?élﬁ% ; %ired viscosity of the varnish conposition and
the désired resin "pick-up" of this conposition by the reinforcing web).
Advant agequsly, the conposition exhibits a viscosity 30 fromabout 50 to
about 10060§1ss TpAN tepeamsofthyilly currd dyninetd preppred fmnBriosk’ i el d

Vi scomet eformdiy ; ; i i L at 25
general , tc')ﬁme a@rr(glulﬁf\’!&ﬁ g@o}{l%?ﬂgmlﬁﬁ’ g%g%%%%‘ grb%gl} @ ﬁbmglﬁ?ooﬂ? e‘o""g{,}
pr ef er abl Bigher 8in 468 c1@n moreafernbishighenthen 18Cekiemandayukd onDaliauhial5 t o

about 40'%&%3(:%%%?%8%@@?6(1 on the total weight of the varnish

conposition, the rema r ¢onprising non-vol atil es conponents (anount of
the t¥tal solids other than the solvents). Mre preferably, the epoxy
to abgut 40 wei ght percent of the

conpositipgn will contain from aboyt 20 \

sol vent a%(ljo PO a6 3Pt a’t}‘gprﬁgc&?g egéo@)%“&tﬂfﬂﬁé}*‘@élﬁf’n ferhonsedini dngs. The
conposi t idesirafcohidmageesent i nvention preferably conprises at |east one
catal yst capable of pronoting the curing of the different resins and
pronoting the reaction between the resins. Exanples of suitable catalyst

mat er i al Suiaek BRRIBRI Bl e Pd%llu)!t%nsﬁf% - @Pmf arbpxyl.ates, organozinc
chel ate conpouﬁds, and tri%al kyl a uﬁl i%m a{&g#}%lgnﬁ%?fﬁ%“s are disclosel!
25 for example in WO90/15089. The process

comprises reacting the polyepoxide compound in an epoxy resin with a polyisocyanate
compound in the presence of a catalyst for the reaction of the epoxy and isocyanate groups

at an elevated temperature.

30 The polyepoxide compound useful for producing the oxazolidone-substituted €poxy resin is
suitably a compound which possesses more than one 1,2-epoxy group. In general, the
polyepoxide compound is saturated or unsaturated aliphatic, cycloaliphatic, aromatic or
heterocyclic compound which possesses more than one 1.2-epoxy group. The polyepoxide

compound can be substituted with one or more substituents which are nop-reactive with the

30



phosphonMm and anmoni um salts, tertiary am nes and i m dazol e conpounds.
Preferably, the catalysts include a netal catalyst which contains one or
nore nmetals selected fromthe group consisting of chrom um manganese,
iron, cobalt, nickel, copper, niobium nolybdenum ruthenium rhodium
pal | adi umwa aot/athasm 1ridium and plati num Exanpl es RSUDESM/0630T e

catal ysts for the epoxy reaction are given in U S. Patent No. 6,127, 538.
The cat al yetyaodte glvepsrues snbwemallenit indrhalngenshiuch @blyepasdie compowdanp|vell f r om
the group,consistin f_amn am.d S It U .m:d | e nd

hon- suber KRS B A0 rA BERer ARk BRpa RS okl f BF ol A3 Aclihece AT

Exanpl es afvesitintashiescribad al this Handvopbof s xa Rednd tycHl Rl &.c¢ hosSE. Notipounds

listed in ropea t ent  Speci fication 5 er catalysts
usef ul inp'ﬁﬁﬁg%ﬁﬁz%%?byﬁﬂm%’#’ §F8%%ﬁ%§'§ﬁ@guéa§3§%@%ﬁ&€ conpounds

i ncludsng, for exanple, triphenyl phosphine and phosphoni um acid
derivatives, and the like, and m xtures thereof Particularly preferred
cat al yst s T&tiguia ey} aylpepogidngemesrafoXiie) s "é%gfaéﬁhea@éipsﬂon&? Honat e.

251 n addi bk20HdchDeutEeARATh1y088n He tol}epdXi®S 8ind MY &tetPori@ls Optional Iy
conprise at | east one vinyl ‘ester. The epoxy vinyl esters suitable for the
practice of phe present invention are generally prepared by the adduction
of an at [ReAstCHrfbac®{onal epoxide with at |east two nol ecul es of 30 an
unsat ur at ed nonocarboxy®ic acid in which the carbon-to-carbon doubl e bond
is vinyl reactive. The epoxy vinyl ester is prepared by reacting the

pol yepoxi décrand Islyebstimiad of mnadfysititics poimehd, shphtatit,cyelndiphaty:, ordgetsmcatiicy wit h
heating a i ence c I ' chrom um
salt, 1?0&% aarlf%lF gr%éﬁ%, 1‘1"%;%1 aﬁﬁ%’%‘%%ﬁ ﬁ%l?e %f%toglnlls%?n&ga % %}Ee! ﬁa@fltelg‘%‘gti ary ani ne,
f or exanpHbiepoxides ScNdbdit wityhythanif A@Aes(Hyhlydokgrheh)l) propn: ¢gvatdally refdmedepoxy

vinyl WO 2008/ 144 PCT/ US20Q8/,063177. ester-resin. can be formed in the
b e3ence. IR RBRO LT SATOAUR Sovorer - Shete s a i PuRers i e’

resul ti ng(gghothitr refearod &t ds kattadonvdbisphdrd] AR adiktobes of hey therommepopotyepbtiyds est er
resin. Suita I% non-resinous, vinyl nmononers include, for exanple,
styrene, 8?“@2‘5—%‘? P?F}PF%H&? O%Tﬁ’gﬁ@{wf‘é}?@? di vi nyl benzene and
acrylomitrile and others disclosed in U S. Patent No. 54,824,6919. A
substantial nunber of different epoxy vinyl ester resins having distinct
char act er 18 PRESIRHIPASCOPPREHISEIbPT FESERS W i pirr BARCRIFERT tes (or

m xtures fheraefdoyhd fo¥@ns QuSeri ToRtul: D0 LIdSvHeRYn RiXiubs@stch Ber eof ) .
Simlarly, the properties o6f the epoxy vinyl ester resin/non-resinous

vi nyl m)nBIFﬁE?Sﬁﬁﬂit@@t%ipbaﬁ?a%foﬁéﬁwwhe_@@%@%&lﬁékp‘rﬁowlﬁé‘ﬂ%ﬂsﬁl@ﬁef?ﬁ_?norrer s (or
m Xtures {(Hes §Qldacer ARTIES (QlesSthhd ?J%h?s,\b!réﬁé{rhblf%&ra%o&ﬁ?s Q12480 4! Ao&kP '
927213 10 and V9810004. Optionally, thé curabl e composition of the
presedl i preerablyoirornralout &t hont I divamples of werble pripstveranatestingide 4y used in

t her nosett] ' | L] riie | o DBKENGs d

| am nat es%eglglgﬁﬁ%@%&gg&(ggét&%zw meﬂtrllltH g#}'n?;fsa <Afréeog’[ : 1ék%?%(%£a${?‘{ng(g§%rgp

per f or manacfEeMDb (cofuntonky deeigpasd 4si "polyokrit NEDIPy edent diisovenite (I ewchtahe fi nal
cured progyct therefrom. Far I ot her optipnal..conmponents useful in
Lhe compogr BT <y iEte 18 A hBr  Sre B P oYt tors, 1111 ers,
wet ting absaisthyledd disadyhsate (HIHDE) aati@pianialjis@@insenvixmichef awppvast | CS,
processing aids, fluorescent conpaounds, suc s _tetraphenol et hane (TPE) or
Cert vt | v Be A EYeN B O AGRLD A s SR BEHE R T 08s,  The
conposi ti angbiepolkRecydfhtdPERGRMhdd HY 8ALHBA MBS, RhSHol. BG18d67;AldF6K20pt | onal
constituents such as inorganic fillers and additional flane retardants,
for exarrp?%“‘a?f‘t?ilﬁ’ény oxi de, octabronodi phenyl oxi de, decabronodi phenyl

oxi de, phosphoric acid and other such constituents as is known in the art
including, but not limted to, dyes, pignents, surfactants, flow control

agent's, pPafoeed polgisecyangcqoppoupdsase 4.35methylgicigpissuliseeyanate DB akposi ti on
may O | ORGhLY ARt BbRl RHONENdR RN AR TBICEEER R RIS ACPAI al ed

m cro?%onalglhsr. tPr e%grggﬁn, t he t(gugheni ngyage_n(t c)r eat _eg %hase-separ at ed
domai ns opolpagcyiraieeompairids lareads€ meagleylene bis (Phenylisopsanatplatsomprs thersst pidcr on,
prefer ablgolkrﬁg}@chbpan about 2 mcron, nore preferably |ower than about 500
nm and eveh nore preferably
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30 |l ower than about 100 nm Preferably, the toughening agent is a bl ock
copol yner tougheni ng agent, nore preferably the toughening agent is a
triblock tougheni ng agent, or the toughening agent consists of pre-forned
particles, preferably core-shell particles. In particular, the triblock
copol yrmer waombgh4sware pol ystyrene, pol ybut adi ene, and paiiygaestoasr?

net hacryl ate) segnents or pol y(nmethyl nethacrylate) and pol y(butyl

acryl at e) Thegatemtide comOuRB0B4d ih4252R0Td WilS20 P8LO6 JvETidarcefiemalblegst t he

t ougheni ng agent does not substantially reduce Tg of the cured system

i.e. the reduction of Tg is Jjess than 15C, preferably |less than 10C, and

nore preferably | ess than \ Wien present, the concentration of
t ougheni ng agent is betweg¢n akewt 0.1 and about 30 phr, preferably between
about 0.5 and about 20 phrs re preferably between 5 about 1 and about 10

phr, and even nore preferably between about 2 and about 8 phr. In another
enbodi nenbne grbup @ ploxdfprmds i n é’brrpoé‘ihe pEteimEiys mgtbeqnaiate}lmfdhmamuioaof

fl uorescent and ound such tetra enol. et h

Pr ef er abl ?nm{sﬁ%r qdﬁgl?%éyggﬁ?& g}én SOt Py atﬁ R ) or
derivati V&Snpdaﬁ@f)i&habdese,nt Inkrentldy pbdfﬁalﬂy hgs alt]):amwﬁmmdmds eibiaps. Buitable

derivati ves anothe di ment sition of resent

i nvent# onmﬁﬁ ﬁof“%ﬁoﬁn ‘ge‘?ﬂhfﬁ’iefhéff&‘é’ﬁfgrﬁ? W%“ea]glr&gnpl n one

enbodi rren%heng&laﬁaabagmwﬁhldembmpl-phe@qmébis@a]pruaa@n\amm-témgememameuﬁme1 to
about 3% i

hf to the epoxy resin bas ids), .npre 15
pr ef er abl 9”‘“40 %w%en@l%fn%lgﬂﬁ%@m ot ( %Pg‘ﬁ*&iﬁ ?bésr‘{%ﬂjeé?léileabl y from
about 0. 2Nhe-ahou: d&néi%mhyf@hﬂéaﬁanejbndamlﬁm@nmdﬁm%f it is particularly

useful to maintain the presence of a portion of imdazole catalyst since

boric aci @CWW@e@@ﬁﬁhW&Smﬁlﬁlﬁm?%NdﬁM digheppingtbagelismaleigiqeat ent cat al yst
for the Cﬁrwcz@i lib Ry pRhad st RRRR! KiNAS afontNBuRERSRMaIdAMENt i on are

particul arly use |n |rrpregnat| ng weaves, webs, fabric and cloth of

vari ety oN.Mi%4 élphqwl ¢ drsinzleimidacl, %}Sh@(ﬂgmabmd@haquz}pawlkym@t ic

fibers su I I he.: R ectyr .,/ am nates, a gl ass
web is co%\alent??gr}fg&l/chgeéﬁrl-‘Iie;1 Jpﬁ%%@gk%l}ggmﬂr%gélﬂﬁgﬁt% of the present

i nvent i onnm]einlndo}ﬁmndx@r);ﬂmmylmar@e&équbl@tlexmilﬁftnem%f(@nce to the follow ng
Exa_rrpl es. ‘ﬁ%?( SH%O FI%; 91"‘11 Xg’}bﬁf\l,%n?, o g{;e set forth to illustrate

vari ous e g<en n(é are not intended to
limtis hemskempéophfendﬁy@hmge}slemﬂuommﬁammd thln]ﬂes $Hopteher iMisgesdblatedeal |

parts and_percentages in the Exanples.are b ight. .\MD .

D008/ 144783BERTOSITOIBBL T PAR BHET e M SR ehishardesi gnat i ons
for the raiapRbar b@hﬁamaedldpergohemw in @ gl Bisosatclexpimifsred as

fol | ows: EEWsta s for ep ui v, ight (on solids). % Br stands
for broni FETEEnY Pat("w\“%/\ér]éﬁtl? @9%%%8\)%? 5% P stands for phosphorus
content (by weight, on solids). Epoxy Resin F is a polyner of bisphenol A,

t et r abr onobi %ﬁhenol A. and epichlorohydrin. It is a conventi onal
br oni Hat eficrting ©aks@reseasinFentipm g cyatptpestayppntainoydeastas LPuReEIE H is a

pol ymer of,.h,&h T &R0 fﬂ?&kﬁﬂi}%ﬂ@é ﬁ@%&@h&ﬁb QNORYHEJaBate blier Bovds Bbgh broni ne
content epoxy resin, 6’
molecule on averave The cyanate ester 1s preferabiy partially trimerized to form triazine

N\I///N
O
rings. A triazine ring is described by the formula - . Other cyanate
esters and triazines which are suitable will be known to the person skilled in the art and

25  include those disclosed in, for example, U.S. Patent No. 5,886,134 and EP 298742,

The additional non-oxazolidone containing epoxy resins optionally used in the curable

epoxy resin composition are preferably polyepoxide compounds which are saturated or

12



10 Epoxy Resin O is a polyner of nethyl ene diphenyl ene isocyanate,

di gl yci dyl ether of bisphenol A, and diglycidyl ether of

t et r abr onobi sphenol A It is a brom nated oxazolidone-nodified epoxy resin
and brom nated epoxy resins, EEW= 360, %Br = 17% Epoxy Resin Dis a
convent i onved 20is/glassei dyl et her of bi sphenol A, EEW = 1801/CERms@s3Resin Mi s
a polyner of nethyl ene di phenyl ene isocyanate and diglycidyl ether of 15
bi sphenol uAsaturited diphativoeychrabphiatiat @endicaz bbtedoyrdic nodpdund whepgrssessesi n, EEW
.= 400. Epox esin P, is a phosphorus- mmdi fi |t k1 . l...pol. ymeric
epoxy. r euir P P L2 Hing gBAET PRoRRRIREL o Bieh bt HEGHLuRGe U 5° oo
Resin B i snogt gbeiydnieitiogndowerdlicid suimbebaisdtuch pelsepoxbeicsmponds &z iwel
honopol yn;a of. 2, 2-bi s(4-cyanat ophertyl ) propane 20Catal yst is

zi nc- bi s( 30V h Bedhnoat e). MEK i s methyl ethyl ketone. DVF is

N, N-di get hyl f or mam de. The gl ass reinforcenent used in the Exanpl es

is a woven 762,8-tyf)e E-gl ass. 25 The copper foil used in the Exanples is a
standard 3bsErErsalye OW%COE'PaH@S‘FFF‘éUI\}%FhﬁiPQ‘f“‘F%Orfﬂﬁ%?%e%tr’r‘%"e&%‘b?fai ng to the

present i Q¥eAbddan m@;ﬁdw&%ﬁﬁ&mesmsw@i ¥i NG K. Nedi behidhedigSbes and
cat al yst coggonents in suitable solvents at anbient tenperature and m xi ng

t he sol ut PBMeGraw-hlbdyeaherd anf Un St fatena NouhPed. 88 out in Table 1 bel ow. The

anounts 30 of each epoxy resin conmponent were chosen such that the Brom ne
content was identical in each conposition. Prepregs were prepared by

coat i AQ t Rertigamhy eisiubpolseppikisie pempougdawhick et e waprtindpaaragiice af the prgpdny ont al

| abor at or t . oG ] es to evaporate the

sol vent s gnﬁgﬁ%gvag%ﬂ%og%? elgt%se}églt%f’%f?nﬁ?( ﬁgg&]tegﬁl E}rﬁgl%l t acky B-stage.

Lam nat es vver/‘é\ prepared using 8 prepreg plies sandw ched between sheets of
copper foﬁzcaﬂﬂm—pioagsﬁ Rat 200C for 90 mnutes. The pressure applied to
the lam nate all ows thenanmount, of resin remaining on the lamnate. In this

case, the pressure was adjWatrelf K systlfedor snyubsiityet wopalds, alikhgit ent  equal

to about 431X dIPiBhatic R etQBRAL BblyVAetOtAEB afd A PR Ferhgd/Afidd Fh
Conposi ti onQRaw mat ergi alcs Cfgrrpg%t ?ngEiarrp?dlﬁgaA Exanpl eerl Epoxy Resin F

[ 80% non {omat tolless thap 8\VEK] 176.9 0.0 Epoxy Resin H [70% non vol atiles in
DVF] 77.0

Examples of epoxy resins that may be used include for example, the glycidyl ethers of
resorcinel, catechol, hydroquinone, bisphenol, bisphenol A, bisphenol AP (1,1-bis{(4-
hydroxylphenyl)-1-phenyl ethane), bisphenol F, bisphenol K, tetrabromobisphenol A,
phenol-formaldehyde novolac resins, bisphenol A-formaldehyde novolac resins, bisphenol
20  F-formaldehyde novolac resins, alkyl substituted phenol-formaidehyde resins, phenol-
hydroxybenzaldehyde resins, cresol-hydroxybenzaldehyde resins, dicyclopentadiene-phenol
resins, dicyclopentadiene-substituted phenol resins tetramethylbisphenol, tetramethyl-
tetrabromobisphenol, tetramethyltribromobisphenol, tetrachlorobisphenol A and any

combination thereof.

25
Examples of diepoxides which are particularly useful include diglycidyl ether of 2,2-bis (4-
hydroxyphenyl) propane (generally referred to as bisphenol A) and diglycidyl ether of 2,2-
bis (3,5-dibromo-4-hydroxyphenyl) propane (generally referred to as tetrabromobisphenol
A).

30

Mixtures of any two or more non-oxazolidone containing polvepoexides can also be used.

13



99. 6 Epoxy Resin O [80%non volatiles in acetone] 0.0 126.0 Resin T [75%
non volatiles in MEK] 100.0 100.0 Resin B [50% non volatiles in MEK] 100.0
100.0 Catalyst [10% non volatiles in MEK] 0.5 0.6 MEK 33.4 33.3 Table 2

Varni sh Properties Conparative Exanple A Exanple 1 Varnish gel tine 290
WO 2008/144252 PCT/US2008/063177

Other useful epoxide compounds which can be used are cycloaliphatic epoxides. A
cycloaliphatic epoxide consists of a saturated carbon ring having an epoxy oxygen bonded
to two vicinal atoms in the carbon ring for example as illustrated by the foliowing general

formula:

5 n wherein R is as defined above and n is as defined above.

The cycloaliphatic epoxide may be a monoepoxide, a diepoxide, a polyepoxide, or a
mixture of those. For example, any of the cycloaliphatic epoxide described in U. S. Patent
No. 3,686, 359 can be used.

10
The organic solvents suitably employed for the compositions of the present invention are
those organic liquids in which the epoxy-terminated polyoxazolidone are soluble and which
are sufficiently volatile such that they escape from the varnish composition before and/or
during the partial cure and/or before the final cure. Hlustrative examples of such organic

15 liquids are various giycol ethers such as ethylene or propylene glycol monomethylether and
the esters thereof such as ethylene glycol monomethylether acetate; ketones such as
methylisobutyl ketone, methylethyl ketone, acetone and methylisopropyl ketone; and
aromatic hydrocarbons such as toluene and xylene or mixtures thereof. Of such organic
liquids, those preferably used as the solvent in the epoxy resin composition of the present

20  invention are the ketones, particularly acetone, methyl ethyl ketone and methyl isobutyl
ketone, or mixtures of these ketones with each other or with one or more of the other
solvents. Other solvents that can be used are dimethyl sulfoxide (DMSO), N-
methylpyrrolidone and dimethylformamide.

25  The amount of solvent most advantageously employed in the varnish of the present
mmvention will vary depending on a variety of factors including the particular solvent,
hardener and epoxy resin employed, desired properties of the epoxy resin composition (for
example, desired viscosity of the vamish composition and the desired resin "pick-up" of this
composition by the reinforcing web). Advantageously, the composition exhibits a viscosity

30  {rom about 50 to about 1000 milliPascal seconds (mPa.s) measured using a Brookfield
viscometer, Type RVT, 20 rpm and the appropriate spindle at 25°C. In general, the amount

of solvent will range from about 5 to about 50, preferably from about 10 to about 43, more
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270 %Br (on non volatiles) 17% 17% % non vol atiles 65.7% 64.3% WO

2008/ 144252PCT/ US2008/ 063177 Tabl e 3 Test Results Conparative Exanple A
Exanpl e 1 Col our Honobgenous dark brown Honmobgenous dark provvn Tg (DSC, md
point, 20 G mn), C 190 205 Tt (DMIA, peak tan& 1 Hz), “~C 212 227 Tg (TMA

10C/ mn), "C
preferably from about 15 to about 40 weight percent, based on the total weight of the

varnish composition, the remainder comprising non-volatiles components (amount of the
total solids other than the solvents). More preferably, the €poxy composition will contain
from about 20 to about 40 weight percent of the soivent and from about 60 to about 80

5 weight percent non-volatiles.

The composition of the present invention preferably comprises at least one catalyst capable
of promoting the curing of the rdifferent resins and promoting the reaction between the
resins. Examples of snitable catalyst materials include metal catalysts such as zinc

10 carboxylates, organozinc chelate compounds, and trialkyl aluminium, guarternary
phosphonium and ammonium salts, tertiary amines and imidazole compounds. Preferably, |
the catalysts include a metal catalyst which contains one or more metals selected frc;m the
group consisting of chromium, manganese, iron, cobalt, nickel, copper, niobium,
molybdenum, ruthenium, rhodium, paliadium, tantalum, iridium, and platinum. Examples

15 of suitable catalysts for the epoxy reaction are given in U.S. Patent No. 6.127,538. The
catalyst of the present invention may be selected, for example, from the group consisting of
amines, amides, substituted imidazoles, and non-substituted imidazoles, and the like, and
combinations thereof. Examples of suitable catalyst compounds also include those
compounds listed in European Patent Specification EP0954553,

20 Other catalysts useful in the present invention are phospherus-containing
compounds including, for example, triphenyl phosphine and phosphonium acid derivatives,
and the like, and mixtures thereof. Particularly preferred catalysts are zinc-bis(2-

ethylhexanoate) and copper acetylacetonate.

25 In addition, the compositions of the present invention may optionally comprise at least one

vinyl ester.

The epoxy vinyl esters suitable for the practice of the present invention are generally
prepared by the adduction of an at least difunctional epoxide with at least two molecules of

30 an unsaturated monocarboxylic acid in which the carbon-to-carbon double bond is vinyl
reactive. The epoxy vinyl ester is prepared by reacting the polyepoxide and the acid in
about stoichiometric amounts, generally with heatin g and in the presence of a catalyst, such
as a trivalent chromium salt, for example CrCls, a phosphine, an onium salt, or a tertiary

armne, for example, tris(N,N-dimethylaminomethyl phenol). Optionally, the epoxy vinyl

ot
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178 195 7288 (TMA), min 10 10 Average CIE 50 - 288 "C (TMA), ppm K 150 105
UL 94, rating / sumof individual burning tinmes V-0, 11 s V-0, 2s Water
upt ake (Hi gh Pressure Cooker, 2h, 121C), W% 0.26 0.24 H gh Pressure
Cooker 2h + 2 mn dip @88C, Y%ass visual 100% pass 100% pass Copper Peel
St rengt h, wabsésnsgisandard copper, Ncm 13 13 Dk / O neewusesoati7ivHz 4. 05
/ 0.004 3.90 / 0.004

ester resin can be formed in the presence of a non-resinous, vinyl monomer such as styrene
and the resulting mixture constitutes what is meant by the term epoxy vinyl ester resin.
Suitable non-resinous, vinyl monomers include, for example, styrene, aipha-methylstyrene,
methylstyrene, divinylbenzene and acrylonitrile and others disclosed in U. S. Patent No.

5  4,824.919. A substantial number of different epoxy vinyl ester resins having distinct
characteristics may be prepared by reacting different epoxides (or mixtures thereof) with
various unsaturated acids (or mixtures thereof). Similarly, the properties of the epoxy vinyl
ester resin/non-resinous vinyl monomer mixture may be varied by selecting various such
moenomers (or mixtures thereof). Examples of suitable vinyl esters are given in EP 927213

16 and WO9810004.

Optionally, the curable composition of the present invention may further contain other
components typically used in thermosetting resin composition particularly for making
prepregs and laminates; and which do not detrimentally affect the properties or performance
15  of the composition of the present invention, or the final cured product therefrom. For
example, other optional components useful in the composition may include toughening
agents, curing inhibitors, fillers, wetting agents, colorants, flame retardants, solvents,
thermoplastics, processing aids, fluorescent compounds, such as tetraphenolethane (TPE) or
derivatives thereof, UV blocking compounds, and other additives. The compositions of the
20  present invention may also include other optional constituents such as inorganic fillers and
additional flame retardants, for example antimony oxide, octabromodiphenyl oxide,
decabromodiphenyl oxide, phosphoric acid and other such constituents as is known in the
art including, but not limited to, dyes, pigments, surfactants, flow control agents,
plasticizers, and the like.
25
In one embodiment, the composition may optionally contain a toughening agent that creafes
phase-separated micro-domains. Preferably, the toughening agent creates phase-separated
domains or particles, which average size is lower than about 5 micron, preferably lower
than about 2 micron, more preferably lower than about 500 nm, and even more preferably
30  lower than about 100 nm. Preferably, the toughening égent is a block copolymer
toughening agent, more preferably the toughening agent is a triblock toughening agent, or
the toughening agent consists of pre-formed particles, preferably core-shell particles. In
particular, the triblock copolymer could have polystyrene, polybutadiene, and poly(methyl
methacrylate) segments or poly(methyl methacrylate) and poly(butyl acrylate) segments.
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Dk / O measured at 10MHz 4.00 / 0.006 3.90 / 0.006 Dk / O neasured at
100MHz 3.95 / 0.006 3.85 / 0.006 Dk / O nmneasured at 500MHz 3.90 / 0.006
3.80 / 0.006 Dk / Df neasured at 10Hz 3.95 / 0.005 3.80 / 0.005 Energy of
del ami nation on inpact, J 2.7 6.2 1t can be seen that the Exanple of the
present i mcewbd/mmsnot only has a significantly hi gherp8glisesssissiansi tion
tenperature, but also an increase in energy of delamnation and a decrease
in DK. ThEre'fan&iﬂﬁaTsaeomgiueghgsgnt d@n sbt siubslaxttiehp&daielﬁge)f #iel cowsl sygem dfe. t he

| am nat e hi gher b aselne

del ani nat ﬁed&‘gtﬁ%‘nogt ,bé%% tB%’at‘c’Q&p féﬁ?ﬁ?? elgn(‘? ?gof gleytlg%gher t han
t he conpathah5%® Whanpkent, #rdohdatritdus tdugheniny dgbm v aB@tﬁi"e)tlaaﬁH S

useful for n ted circui boards ensure nal speed.
) 2008112&%%1%*‘0 fﬁ% gey Poers SR areug Bmﬁme@f%eraﬂw% FBEi ned usi ng
the f ol owdong1 beBdboElORME Sind T3 Bord preferably between about 2 and about § phr.

In another embodiment, the epoxy resin composition may optionally contain a fluorescent
and a UV biocking compound, such as tetraphenolethane. Preferably, the fluorescent
compound is tetraphenol ethane (TPE) or derivatives. Preferably, the UV blocking

10 compound is TPE or derivatives.

In another embodiment, the composition of the present invention may contain a cure
inhibitor, such as boric acid. In one embodiment, the amount of boric acid is preferably
from about 0.01 to about 3% by weight to the epoxy resin (a) (based on solids), more

15 preferably from about 0.1 to about 2% by weight, and more preferably from about 0.2 to
about 1.5% by weight. In this embodiment, it is particularly useful to maintain the presence
of a portion of imidazole catalyst since boric acid forms complexes with imidazoles which

act as a latent catalyst for the composition.

20 The compositions of the present invention are pariicularly useful in impregnating weaves,
webs, fabric and cloth of variety of different materials including glass, quartz and synthetic
fibers such as aramid. In the preparation of electrical laminates, a glass web is

conventionalty employed.

25  Preferred embodiments of the present invention will now be further described with

reference to the following Exampies.

Examples

30 The following Examples are set forth to illustrate various embodiments of the present
invention; and are not intended to limit the scope of the present invention. Unless otherwise

stated all parts and percentages in the Examples are by weight.
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5 Property Measured | PC Test Method Gel time, prepreg materials [prepreg
gel time] Note: Simlar method was used to determ ne varni sh stroke cure
gel time IPC-TM 650-2.3.18A d ass transition tenperature and cure factor
by DSC [ Tg] Note: Tg was determ ned on |lamnates with a heating ranp of
20t/ m n | W Fivk/6ats22. 4. 25C d ass Transition and Mdul estafoddudserral s Used
in H gh Density Interconnection (HDI) and Mcrovias - DVA Method [Tt]
Note: Tt Waa‘om&rmrst ﬁﬂimﬁﬁbﬁs&mﬁrdasﬁgiaﬁbmfopﬁakm mapesiatsed @& the fdlfoeitgan6 pl ot .

The heati sted i ncrease steps foll owed by 20s dvel |
time. IPC%%VWEW% PE%“ {E)P?’Sd G ass transition tenperature and z-axis
Ther nal  expansheR f@epa}k}e{ iBhichMBedgiieatolidnal ysis (TMA) [ Coefficient of
Ther mal Expansi on (CTE)] |1 PC-TM 650-2.4.24C Time to del am nation (TVA

Vet hod) [ ToBBYads f-Dropsagcopiant Ry peighe PraPigggt | PC- TM 650- 2. 4. 24. 1 Ther mal

deconpesi v BBt BTREIHBIIHRs cdstint by JBighdBy (Glayl metry Analysis (TGA) Note:
Td was determ ned at 5% wei ght | o0ss under nitrogen with a heating ranp of

10t/ mi n | BeeNRBECE B apohymep ofhisnbargh il FqusabWOPlémcﬂ%hAe ap prgfjlorohydrin.
| PC-TM 659: 13:1 g’o&%oﬁﬁl%?tﬁhﬁﬁ@teé{ ?ﬁ%&poﬁ?fc@ﬂdEﬁW Qj@a%%r eppxy | am nate

integrity [high pressure cooker test L% Not e: Lam nates coupons were
condi t i on&doxyRasid] pragwiimas Of/@%bfpmpbisldlenﬁl tndrepichlprabyane dit tarbd@phere at 1

21 t for gﬁ'}mme content epoxy resin, EEW = 450, %Br = 49%.

10 Epoxy Resin O is a polymer of methylene diphenylene isocyanate, diglycidyl ether of
bisphenol A, and diglycidyl ether of tetrabromobisphenol A. It is a brominated
oxazolidone-modified epoxy resin and brominated epoxy resins, EEW = 360, %Br = 17%.
Epoxy Resin D is a conventional diglycidyl ether of bisphenol A, EEW = 180,

Epoxy Resin M is a polymer of methylene diphenylene isocyanate and diglycidyl ether of

15 bisphenol A. It is a non-brominated oxazolidone-modified epoxy resin, EEW = 400.
Epoxy Resin P is a phosphorus-modified multifunctional polymeric epoxy resin. Itis a
halogen-free FR-4 epoxy resin, EEW = 325, % P = 3.0%.

Resin B is diphenylmethane-4,4’-bismaleimide.
Resin T is a triazine homopolymer of 2,2-bis(4-cyanatophenyl)propane

20 Catalyst is zinc-bis(2-ethylhexanoate).

MEK is methyl ethyl ketone.
DMEF is N.N-dimethylformamide.

The glass reinforcement used in the Examples is a woven 7628-type E-glass.

25  The copper foil used in the Examples is a standard 35 mricron (1 oz) grade.

The varnish formulations according to the present invention were prepared by dissolving the
individual resins and catalyst components in suitable solvents at ambient temperature and
mixing the solutions in accordance with the amounts set out in Table 1 below. The amounts

30  of each epoxy resin component were chosen such that the Bromine content was identical in
each composition. Prepregs were prepared by coating the varnish on style 7628 glass cloth
and drying in a horizontal laboratory treater oven at 178° C for about 3 minutes to evaporate
the solvents and advance the reacting mixture to a non- tacky B-stage. Laminates were

prepared using § prepreg plies sandwiched between sheets of copper foil and pressing at
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| PC-TM 650- 2. 6. 16 Peel strength of netallic clad |am nates [copper peel
strength (CPS)] I PCTM 650-2.4.8C Permttivity and | oss tangent from 1VHz
to 1GHZ with parallel plates at 25t [Dk / O] IPCTM650-2.5.5.9 The
energy of delam nation on inpact is the energy required to reach

del am nat wanzeod/146t5@ | am nate on an i npact The equi preP€T/URO/6H7T hi s t est
is a Byk Chem e inpact tester nodel N5510. The indentor used is a steel
punch (4 R&)°Cupt I minhesi Siphmedsealaphizddo 1o (adiinate tlbawsthir@unhefhrest) . By
gradual | y_i ncr.easi th istan the I the . hej t which
del ami nat 01 OccUr tglg %aémﬁaé?eﬁln@ %g%e’(tgne r\é%!u%g& ﬂ%%?ﬁ P[%%té) Pgtﬁié%ggyﬁ[g*na%

del am nat resin contentrggadtto {tvat £3¥%.as Ed) is then calculated as follows: WO
20081144252PCT/ 1JS2008/ 063177 Ed = mass x di stance x acceleration Ed =
0.1781 x Hd, where Hd is neasured in cmand Ed in joule. The hi gher the
value of Ed, the better the toughness of the |am nate and the higher the
interlayer adhesion, This is also a neasure of brittleness. The higher the
val ue of EgtmRlpdasd Go@pargtive FFAPEIeness. Exanpl e 2 and Conparative Exanpl e
B Table 5 10 Varni sh Conposition Raw materials Conparative Exanple B
Exanpl e 2 Epoxy Resin D [100% non vol atiles] 28.0 0.0 Epoxy Resin M [100%
non vol at TpE&}

Varnish Composition Raw materials Comparative Example A | Example 1
Epoxy Resin F [80% non volatilas in MEK] 176.9 .0
Epoxy Resin H [70% non volatiles in DMF] 77.0 99.6
Epoxy Resin O [80% non volatiles in acetone] | 0.0 126.0
Resin T [75% non volatiles in MEK] 100.0 100.0
Resin B [50% nan voiatiles in MEK] 100.0 1000
Catalyst [10% non volatiles in MEK] 0.5 0.6
MEK 33.4 33.3
10
Table 2
Varnigh Properiies Comparative Example A | Exampie 1
Varnish gel time 280 270
%Br (on non volatiles) 17% 17%
% non volatiles 65.7% 64.3%
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0.0 28.0 Epoxy Resin P [75% non volatiles in MEN 74.7 74.7 Resin T [75%
non volatiles in MEK] 44.8 44.8 Resin B [50% non volatiles in MEN 44.8
44.8 Catalyst [10% non volatiles in MEN 0.35 035 MEK 13.3 13.3 Table 6
Varni sh Properties Conparative Exanple B Exanple 2 Varnish gel tine

WO 2008/144252 PCT/US2008/063177
Table 3

Test Results Comparaiive Example A Example 1
Colour Homogenous dark brown | Homogenous dark brown
Tg (BSC, mid point, 20°C/min), <G 180 205

Tt (DMTA, peak tang, 1 Hz}, <C 212 227

Tg (TMA, 10°C/min), G ' 178 195
7288 {TMA), min 10 10
Average CTE 50 —288 <C (TMA), ppm/K 150 105

UL 94, rating / sum of individual burning V-0,11s V-0,2s
fimes

Water uptake (High Pressure Cooker, 2h, 0.26 0.24
121°C), wt% '

High Pressure Cooker 2h + 2 min dip 100% pass 100% pass
{@288°C, %pass visual

Copper Peel Strength, 35um standard 13 13
copper, N/em

Dk / Df measured ai 1MHz 4.05/0.004 3.80/0.004
Dk / Df measured at 10MHz 4.00/0.006 2.90/0.006
Dk / Df measured at 100MHz 3.85/0.006 3.85/0.008
Dk / Df measured at 500MHz 3.90/0.006 3.80/0.006
Dk / Df measured at 1GHz 3.95/0.005 3.80/6.005
Energy of delamination on impact, J ?.7 6.2

It can be seen that the Example of the present invention not only has a significantly higher
5  glass transition temperature, but also an increase in energy of delamination and a decrease

in Dk. The increase in glass transition temperatore allows use of the laminate at higher

operating temperatures. The increase in energy of deiamination demonstrates that the

resultant laminate is also tougher than the comparative example, and the reduction in

dielectric constant is useful for high end printed circuit boards to ensure higher signal speed.
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325.330 % P (on non volatiles) 1.2 1.2 % non volatiles 68.0 68.0 15 Table
7 Test Results Conparative Exanple B Exanple 2 Col our Honbgeneous dark
br own Honmpbgeneous dark brown Tg (DSC, md point, 10C nmn), C 150 175 Td

(TGA, 5% wei ght |oss, 10°C/ nin), C 354
WO 2008/144252 PCT/US2008/063177

The results in Table 3 were obtained using the following test methods:

Table 4

5 .
Property Measured IPC Test Method
Gel time, prepreg materials [prepreg gel time] IPC-TM-850-2.3.18A
Note: Similar method was used to determine varnish stroke cure gel ime
Glass trangition temperature and cure factor by DSG [Tq] IPC-TM-650-2.4.25C
Note: Tg was determined on Jaminates with a heating ramp of 20°C/min

Glass Transition and Moduius of Materials Used in High Density IPC-TM-650-2.4.24 .4, method
Interconnection (HD1} and Microvias - DMA Method [TH] )
Note: Tt was reported as the transition peak temperature in the tand plot.
The heating ramp consistad in 3°C increase steps followed by 20s dwell

fime.

Glass transition temperature and z-axis Thermal expansion by Thermal IPC-TM-650-2.4.24C
Mechanica! Analysis (TMA) [Coefficient of Thermal Expansion (CTE)]

Time to delamination {TMA Method) [T288] IPC-TM-650-2.4.24.1
Note: T288 was measured at 283°C

Thnermal decomposition temperature [Td] by Thermo-Gravimetry IPC-TM-650-2.4.24.8
Analysis (TGA}

Note: Td was determined at 5% weight loss under nitrogen with a '
heating ramp of 10°C/min

Flammability of laminate [UL94] IPG-TM-650-2.3.10B
Pressure vasssl method for glass epoxy laminate integrity [high pressure | IPC-TM-650-2.6.16
cooker test (HPCTY)]

Note: Laminates coupons were conditioned in the pressure vessel in a

moisture-saturated atmosphere at 121C for 2h

Peel strength of metallic clad laminates [copper peel strength (CPS)] IPC-TM-650-2.4.8C
Permittivity and loss tangent from 1MHz to 1GHZ with paraliel plates at IPC-TM-650-2.5.5.9
25C [Dk / Df]

The energy of delamination on impact is the energy required to reach deiamination of the
laminate on an impact. The equipment used in this test is a Byk Chemie impact tester
model N°5510. The indentor used is a steel punch (4 Ib) with a hemispherical head

10 (diameter = 5/8 inches). By gradunally increasing the distance the weight drops, the height at
which delamination occurs is determined (noted as Hd). The energy of delamination on

impact (noted as Ed) is then calculated as follows:
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360 Energy of delam nation on inpact, J 1.8 6.2 It can be seen that the
Exanpl e of the present invention not only has a significantly higher glass
transition tenperature, but also an increase in energy of delam nation and
a marginal WD 20081144252PCT/ 1152008/ 063177 i nprovenent in thermal
deconposi Wmwog/Bser at ure The increase in glass transPCT/ORIIKGHIET at ur e

all ows use of the |lam nate at higher operating tenperatures. The increase
in energyEdFMBaﬁiSWacdbapCdbmnlstrat es that the resultant lanminate is also
t ougher than Tabl e 8 Varni sh

Conposi ti %ﬁ Ig;fv)\z/%%r%?_fe%)?lg %ﬁ’;@‘lﬁéﬁ%ﬁg& ggtll% [ [ 70% non volatiles in
DVF]  55. OThphigher Resialuc®f E80%6 bater tholt@ighhwes of the haidannan tgr Resin T [ 75%

| ati | ' 0 R B % 0.0
non Vol ati ) ee L hE, 100, 0aReol . B SO0, VAL B VB B

5  lower the brittleness.

Example 2 and Comparative Example B

Tabie 5
10
Varnish Composition Raw materials Comipargtive Exampie B | Example 2
Epoxy Resin D [100% non volatiles] 28.0 0.0
Epoxy Resin M [100% non voiatiles] 0.0 28.0
Epoxy Resin P [75% non volaiiles in MEK] 74.7 74.7
Resin T [75% non volatiles in MEK] 448 44.8
Resin B [50% non volatites in MEK] 448 44.8
Catalyst [10% non volatiles in MEK] 0.35 0.35
MEK 13.3 13.3
Table 6
Varnish Properties Comparative Example B | Example 2
Varnish gel time 325 330
% P (on nan volatiles) 1.2 1.2
% non volatiles 68.0 88.0
15 Table7
Test Results Comparative Exampie B Example 2

Calour Homogeneous gark Homogeneous dark
brown brown

Tg (DSC, mid point, 10°C/min), °C 150 175

Td (TGA, 5% weight loss, 10C/min), °C 354 360

Energy of delamination on impact, J 1.8 6.2

It can be seen that the Example of the present invention not only has a significantly higher

glass transition temperature, but also an increase in energy of delamination and a marginal




0.6 Table 9 Varnish Properties Exanple 3 Varnish gel tinme 305 %Br (on
non vol atiles) 14 %non volatiles 70.3 10 Table 10 Test Results Exanple 3
Col our Honobgenous dark brown Tg (DSC, md point, 20C nmn), C 205 UL 94,
rating / sum of individual burning tines

WO 2008/144252 PCT/US2008/063177

improvement in thermal decomposition temperature. The increase in glass transition
temperature allows use of the laminate at higher operating temperatures. The increase in
energy of delamination demonstrates that the resultant laminate is also tougher than the

comparative example.

5
Example 3
Table 8
Varnish Composition Raw materials Example 3
Epexy Resin H [70% non volatiles in DMF] 55.0
Epoxy Resin G [80% non volatiles in acetone] 167.6
Resin T [75% non volatiles in MEK] 100.0
Resin B [50% non volatiles in MEK] 100.0
Catalyst [10% non volatiles in MEK] 06
Table 9
Varnish Properties Example 3
Varnish gel time 305
% Br (on non volatiles) 14
% naon volatiles 70.3
10
Table 10
Test Resuits Example 3
Colour Homogenous dark brown
Tg (DSC, mid point, 20°CG/min), °C 205
UL 94, rating / sum of individual burning V0,753
tirnes
Water uptake (High Pressure Gooker, 2h, g.22
121°C), wi%
High Pressure Cooker 2h + 2 min dip 100% pass
@288°C, %pass visual
Copper Peel Strength, 35um standard 15
copper, N/cm
Energy of delaminaiion on impact, J 7.1
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V-0, 7s Water uptake (Hi gh Pressure Cooker, 2h, 121C), wt % 022 High
Pressure Cooker 2h + 2 mn dip @88C, %ass visual 100% pass Copper Pee
Strength, 351Am standard copper, N cm 15 Energy of del am nation on inpact,
J 7.1 1t can be seen that the higher concentration of

oxazol i dowep mosgtistsed epoxy resin used in Exanple 3 | eadbpuswodnicgier ener gy
of del am nati on and hi gher copper peel strength when conpared to Exanple
1. It canlalasbe iren §uethe hightr dEreanphieondi okazphdonpmesisird epowsontit oredwot onl y

has a signifi t | hi.aher  gal £ [ LiQn.t L at ur ner gy of
Hor am o Tt RR 1ot @ G er ) ABbhANS MHe PORGEAH AR WFEET 0Y O

| ower coneeaenparat to®xa@pielir om ne fl ame retardant to achieve simlar

(mar gi nal better) fla re dancy. WD 2008/ 144252PCT/ US2008/ 063177

O o oo 1. et Rt Peseep bRl Erdies REEHerat BROUORAR: SPnG C e Ya; | oot
one 0x8azohigHe@asiathsitodderBoatire MBS bridrghbf @Blainsnatie wh&a@idpaied py oduct of an
epoxy 5resjn and an i socyanate; ) (lb) at |l east one nal ej m de; (c) at
| east one “CAMALY lFamate A.4ndlspieneigfqer concepigpfion ot pramine figpg retardant

non- oxazokd #aRe: GAMNLANALNLIBNRHN) FiRSE Riardancy. Wherein at | east one
conponent of the conposition conprises hal ogen or phosphorous to 10
provide flanme retardancy to the cured conposition. A conposition as
claimed in Caim1l additionally conprising a catalyst.

24



3. A conmposition as clainmed in Claim1l or Claim2 additionally conprising
a solvent. 15 4. A conposition as clainmed in any one of Clains 1 to 3
additionally conprising a vinyl ester. 5. A conposition as clainmed in
any one of the preceding clains, wherein the 20 oxazol i done-nodi fi ed epoxy
resin i s gpremenissisp an anount of from 15 to 50 % by wWek:gbk st e
conposition. 6. A conposition as clained in any one of the preceding
cl ai ms, wt@siaisn t he cyanate ester is present in an anount of from 10 to 40
% by wei ght of the conposition. 25 7. A conposition as clained in any one
of the preceding clains, wherein the cyanate ester conprises triazine
rings. 1. aqcﬁa&@amﬁfkésmn@@siﬁJ)@éaﬁ?ﬁisin@; any one of the preceding
clainms, wherein the maleimde 30 is present in an amount of from5 to 30 %
by wei ght (3f! lebonespediterconodifia! eroxpinswsyhtition thegeastion predudt nf Gl aiony 8,
wher ei N1 t fginR &l AbdGnd:S @ bi smal ei mide. WO 2008/ 144252PCT/ US2008/ 063177
10. A conposition as claimed in CQaim3, wherein the solvent is present in
an arount (boft legspenergrleimided % by wei ght 11. A conposition as clai ned
in any 0”@)8ﬁa&ﬂﬁm%§§ﬁ&ﬂ£@ﬁaﬁ&@&?ﬁﬂ_“herei” t he non-5 oxazol i done

nt |

contai ning epoxy resin is pres %]an anount of from 10 to 40 % by

wei ght :  @2at lestowposiokinhdas cohtainimecpoxy 1€kiaj m 4, wherein the vinyl ester

is prese ' amunt of from5 to 30 % by weight. 1013. A curabl e epoxy
resin co%%ésr%] i%oﬁaségl}repcrofn RiH O%%?Ol??%?‘r‘loigo'%%n%@ggﬁw ODRIGREOIBYS tat | east
one oXazohrddnBamd edirddnediogloxyed @gipdsivibii.ch i s the reaction product of an
epoxy resin and an isocyanate; (b) from5 to 30 % by weight of at | east
one mal ei m de; (c) from10 to 40 % by wei ght of at |east one cyanate

ester; 1% (d)A dongakifiéh islABednlyare] shttiiahlptodRRdk aQBRIION- oxazol i done
contai ning epoxy resin. (e) at |least one catalyst; 'and (f) from10 to 45 %
by weight of at |east one solvent, wherein at |'east one conponent of the

COMpOSi 15N FRIh&&sH N MU N RNMOSANRIOY SddiQorBl P U8 sl AR k6L ar dancy
to tq% cured conposition. =
4. A composition as claimed in any one of Claims 1 to 3 additionally comprising a vinyl

ester.

5. Acomposition as claimed in any one of the preceding claims, wherein the
20 oxazolidone-modified epoxy resin is present in an amount of from 15 to 50 % by weight of

the composition.

6. A composition as claimed in any one of the preceding claims, wherein the cyanate

ester 15 present in an amount of from 10 to 40 % by weight of the composition.

b3
th

7. A composition as ciaimed in any one of the preceding claims, wherein the cyanate

ester comprises triazine rings.

8. A composition as claimed in any one of the preceding claims, wherein the maleimide

30 1is present in an amount of from 5 to 30 % by weight of the composition.

9. A composition as claimed in Claim 8, wherein the maleimide is a bismaleimide.



20 14. A conposition as clained in any one of the preceding clains,
wherein the conposition has a glass transition tenperature of at |east
170C when neasured by Differential Scanning Calorinmetry (DSC). 2515. A
conposition as clainmed in any one of the preceding clains, wherein the
conposi ti o¥e west4a2sk| ame retardancy of at |east V-1 of pphgshdbdR4:est. 16.
An el ectrical |amnate conprising the conposition of any one of clains 1 -
to 15, whéfeihctthpositamianatigetas Chin 6nehgyinahe deleaik pabdnomh Moiapagt of
greater thanp 3J. 17.. An electrical lamnate conprising the conposition
of any ongr%%fl%é %?%sbylw?l%htw, wherein the |am nate has an energy of

del am nati on on inpact of greater than 51. 18. A nethod of making a

cur abl e epoxy, resin_conposition conprising the step of: WO

2008/ 1442 Pc@ri‘t%%tﬁ@g&gg%il?*?d#ﬁ ¥yrge &f e@axedisaalaimearbireid drrenarodi f i ed
epoxXy § es bihzolddh€ Bortfinih §8dx§ A&t iQ BroRrR FHG LRl unfr EROXY 1o’ &% By AREHAN

i socyanate, with at |east one naleimde and at | east one cyaﬁat@ éster to
forma curabl e epoxy resin conposition, wherein at | east one conponent
of the coppos &4 - LS ¢ 1o 5 provide flame
retardancy to tr?gjbg%rggg“é%ﬁrr%%hs}?? ?gﬁﬂ eé‘%)ci rreI?yrllgggrol# P rﬁsaelgflﬁganﬁnﬁ?”étpr eg
conpri si nff fF9es & ¥p% bfweighit.npr egnating a reinforcing web with the
conposition of any one of Clains 1 to 17 to forma prepreg. 10 20. A

met hod of making an electrical |am nate conprising the steps of: heating
the ptlpr&y of cugdbdd spotPresio campesiper @tmprginguf fi cient to partially react the

epoxy co t co sition wth the mal ei.m de and/ or the cyanate
ester; | gﬁ? fnllglﬁil%gg %dn%ebgrwe%’r 8% ?tfklaétr?G&X%Q@O%?@B‘klgﬁddﬁoﬁméﬁ vdligeis tliccal |y
conduct i vieamiiat grodedtof amepokH rdmadnt Agibb@nge; f ornmed | am nate at el evated

pressure Eﬁ!oe% v 6% t enper tgr_e to forman electrical lamnate 21. The
conposi ti 18 a%g ey BF2RPE 20PH PRe ey wherein the

oxazol i dojpfrandd fd ARy 654t bR y&R% digk-ogen or phosphorous to

provi fl ggemnggardoaqcy. .20 22. The conposition of any one of the clains
Ito 15, WASTFERAUINY Ron-siey of 3 denionsane armoligonssexyinigsheroosipr i ses

hal ogen qg) phasRROEASvitoar OVi de fl ane retardancy. 23. The
conpositign of claim %2, wherein the oxazolidone-nodified epoxy resin is

25 free df frat HyerfodF bpmsighheirayisast one solvent,

wherein at least one component of the composition comprises halogen or phosphorous to
provide flame retardancy to the cured composition.

20
14. A composition as claimed in any one of the preceding claims, wherein the
composition has a glass transition temperature of at least 170°C when measured by

Differential Scanning Calorimetry (DSC).

25 15. A composition as claimed in any one of the preceding claims, wherein the

composition has a flame retardancy of at least V-1 of the UL94 test.

16.  An electrical laminate comprising the composition of any one of claims 1 to 15,

wherein the laminate has an energy of delamination on impact of greater than 3],

30

7. An electrical laminate comprising the composition of any one of claims 1 to 16,

wherein the laminate has an energy of delamination on mpact of greater than 5J.

18. A method of making a curable epoxy resin composition comprising the step of:

26



10

15

20
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mixing at least one oxazolidone-modified epoxy resin, which is the reaction produce of an
epoxy resin and an isocyanate, with at least one maleimide and at least one cyanate ester to
form a curable epoxy resin composition,

wherein at least one component of the composition comprises halogen or phosphorous to

provide flame retardancy to the cured composition,

19. A method of making a prepreg comprising the steps of:
impregnating a reinforcing web with the composition of any one of Claims 1 to 17 to form

a prepreg.

20. A method of making an electrical laminate comprising the steps of;

heating the prepreg of claim 19 to a temperature sufficient to partially react the epdxy
component of the composition with the maleimide and/or the Cyanate ester;

laminating one or more layers of the prepreg with an electrically conductive material: and
heating the so formed laminate at elevated pressure and elevated temperature to form an

electrical laminate.

21.  The composition of any one of the claims 1 to 15, wherein the oxazolidone-modified

€poxy resin comprises halogen or phosphorous to provide flame retardancy.

22. The composition of any one of the claims 1 to 135, wherein the non-oxazolidone

containing epoxy resin comprises halogen or phosphorus to provide flame retardancy.

23.  The composition of claim 22, wherein the oxazolidone-modified €poxy resin is

iree of halogen or phosphorus.
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