A CURABLE EPOXY RESI N COVPOSI TI ON AND LAM NATES MADE
THEREFROM The present invention relates to
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certain catal yst system to processes utilizing these
conpositions and to articles nmade fromthese

conpositions. Mre specifically, the present invention
relates to an epoxy resin conposition including a

ni trogen-containing catalyst and a catal yst adjuvant

conpri sing a conmpound containing a carboxyl

o bbb GRABIG BRokY TR combasrdaR AR AR MADE
compound capable of reducmmgErEFROMNCENtrati on of the

ni trogen-containing catalyst in the conposition.

Articles prepared fromthe resin conpositions of the
present invention. exhi LES:
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processing at elevate
tenperatures, nofe.a partial. cure o
resinint g’fg amglagaaé’g particdlanly & etfucméaﬂ i 'égglF é%l%al copper
eplad }anﬁmd:snare gﬁreeg;lmanaadfabmretih:e pgdsasg, ubildyelevared temperatures and

t Xl%lss%%s! Varidhs l%e?s Mahﬁgy cured prepregs and optionally copper sheeting.
Prepregs are generally manufactured by impregnating a curable thermosettable epoxy resin
composition into a porous substrate, such as a glass fiber mat, followed by processing at
elevated temperatures to promote a partial cure of the epoxy resin in the mat to a "B-stage."
Complete cure of the epoxy resin impregnated in the glass fiber mat typically occurs during
the lamination step when the prepreg layers are pressed under high pressure and elevated
temperatures for a time sufficient to allow for complete cure of the resin when preparing a

laminate.



the |l am nation step when the prepreg | ayers are
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the resin when preparing a | am nate. Wil e epoxy resin
conpositions are known to inpart enhanced thernal
properties for the manufacture of prepregs and

| am nat es, such epoxy resin conpositions are typically
nore difficult to process, nore expensive to

formulate, and may suffer frominferior performance
capabi | i t i e¥hHePoEy FASINERMPPSIHANS @redinowiite npragteghanced thermal
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such varnish has a lower glass transition tenperature '
(Tg), and dmpewed theghd siabitity ean be peldevefl giben a phraolic or an anhydride
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t fPPEr R ri
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High internal weight carboxylic anhydride are also known to be used as
curing agents. The use of high molecular weight carboxylic anhydride as curing agents
leads to poor prepreg cosmetics due to the high melt viscosity of the prepreg powder. The
prepreg is usually more brittle, resulting in the formation of dust when such prepreg is cut
and trimmed. The formation of dust is referred to in the art as a “mushroom effect”.

It is typical in the known art that the improvement of one property of an
epoxy composition or a laminate made therefrom is usually achieved at the expense of
another property, and not all properties thereof can be improved at the same time. Some
known process use expensive specialty resins and hardeners in an attempt to achieve a resin

with will-balanced properties.
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formati on of dust when such prepreg is cut and
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art as a "nmushroomeffect”. It is typical in the known
art that the inprovenent of one property of an epoxy
conposition or a lam nate nmade therefromis usually
achi eved at the expense of another property, and not
al | properties thereof can be inproved at the sanme

time. Sone roc Ss .use expensive specialty
resins and Jﬁg? '658 ’iﬁ’mé'??teﬁtff prapdgntfpRY espeingCaneior prample,
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| ami nate wi H’°a‘dd1%’8ngﬁlalea‘ﬁ BRvide a|C&WPH§P@X¥pr@p é‘Pft’Pfé§'°n with
ardcdllagrwellbatdnadil propeytiesFotClie asa Mh@hal Fos mﬂ@ﬁéja laminate such that the

ughness dhesjon to copper foil. It would
bg ngi(g%te ﬁa&&xg&%a%%ﬂp,ﬁwaila&m%rgp @X)}t ‘?"@ﬁ‘i‘ ﬁlso be desirable to
C@nfpwlatlammawﬁahngmgﬁltlheemhl smllity wah aigﬁati glfo@n&fglr}]xh&ﬁ and good
f erja | ami.nate su t hat
BBl SR b Qe ST it 2RO il g dpener
properti es.Ond aspey bithe pesend trvekepnriadiketetiao amhrableelalbgen-

| %gﬂtﬂﬁﬁxg E@éf B D&r%n)sﬁgg &gh 1s‘?r¥ga a)I z{tﬁééstvgn% tc]p(%lllg sin; 95) at least

good tolg es|Ion"to cop
vmowtm@enﬁh é'he@@ Be h@dg@n@ua\pemsyml cahttaynrrmhasolwrhydroxyl

ha& 8BRS or MEmPSRRIChpie dripEnd i eathexllcﬁlY:% ldof0) fbrrctnonal ity upon

directed to a curabl e hal ogencon?alnlng epox
c O8I €) GrraRbMtisEmepnPf 2 nisozer-conising Sﬁé‘Y%p@)?)ﬁd)r esivmmtrogen

( bbntﬂhmg easlystQaRvARCEAPRInG cHid8IeQ)f Pedtubiﬁf BRIcdRdBiration ofthe
ound ont ai ni gsg “Zhg henol i c hydrox functional i
1

gg%fb?ﬁgl e EaéaH in @[éﬁaé} Qi€ 08 Q‘oé ﬁﬁ'f@‘ﬁﬁ)qoiv% componer}/ts (a)-(d) is

hylalbgmyﬂed fout ikxione phdhe hlyove G ponents are halogenated wherein the resin
composition includes (¢) a halogenated or halogen-containing flame retardant compound;
characterized in that the stroke cure gel time of the resin composition is maintained from 90
seconds to 600 seconds when measured at 170°C; and such that a resultant cured product
formed by curing the curable epoxy resin composition contains the following well-balanced
properties: (1) a glass transition temperature (Tg) of greater than 130°C; (2) a
decomposition temperature (Td) of greater than 320°C; (3) a time to delamination at 288°C
(T288) of greater than 1 minute; (4) an adhesion to copper of greater than 10 N/cm; and (5)
a UL94 flame retardancy ranking of at least V-1.
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heating; (c) a catalytic anmobunt of a
ni trogen-contai ning catalyst; and (d) a non-nitrogen
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reduci ng the concentration of the nitrogen-containing
catal yst; wherein at |east one or nore of the above
conponents (a)-(d) is hal ogenated; or if none of the
above conponents are hal ogenated wherein the resin
conposition includes (e) a hal ogenated or

hal ogen-cont ai ni n | ame retardant conpound; ,
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cat al yst ound th contains, a carboxylic acid
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alnmvlefrpmaploemaxanWmsink:hrepahmne met aI -coated foil. The

resul tant | am nate shows a conbi nati on of
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conmponent s: ast one epox
amount while mamtammg the catalytic activity of the mtrogen-contammg catalyst and

maintaining varnish gel time. In the above halogen-containing epoxy resin composition at
least one or more of components (a), (b), (c), or (d) may be a halogen-containing compound
in order for the final resin composition to be halogen-containing and have flame retardant
properties. If none of the components (a)-(d) are halogen-containing, then in order for the
final resin composition to be halogen-containing an additio'nal component such as (e)a

halogenated flame retardant compound may optionally be added to the resin composition.

The curable epoxy resin composition of the present invention, after curing,

provides a cured product, for example a laminate, with excellent balance of properties
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| east one hardener; wherein the hardener is a conpound
containing at |east one phenolic hydroxyl

wo evc7oeal ity or a hardener conpound capabl e PET/US2006/048578

generating at |east one phenolic hydroxyl
functionality; (c) a catalytic anmount of at |east one
ni trogen-contai ning catal yst for exanple wherein the
catalyst is present in a concentration of |ess than 10
percent by weight on solids; and (d) a non-nitrogen
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t 1eH88NESF-on t enperature (Tg), deconposition tenper at ure
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copper f oi | G¢reoyipghe prestnt givergivgtiticfydeathd ud efmEspecific compound,
r f [ a
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pﬂémg@esomnmmfdw ﬁromp@s@ytac@mmntsqnst eonld hamatpbe bed in an
USEskylRh i

e By QhallRiY Aieh Sl o3 AR ol e dhater catayi
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eiRaR '%eh'g'é?'a?"b%ﬁ'evn&ﬂﬂpén ﬁ&e“%fétowrﬁ%hvmeyf other
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) I SO SRR e SR LS inor
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p [18) e iton Stl OVHIO n-
e e
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Tehairtdi® Bx AL Binff @R pdR&Such as high Tg. When the composition contains a

cure inhibitor, such as boric acid, it is particularly useful to maintain the presence of a
portion of imidazole catalyst since boric acid forms complexes with imidazoles which act as

latent catalyst for the composition.

The properties of the cured product that are well-balanced in accordance with

the present invention include: a glass transition temperature (Tg) of greater than 130°C,
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toughness. Cenerally, the present invention includes
the use of a specific conpound, herein referred to as
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concentration of the nitrogen-containing catalyst from
catalytic quantity that would normally be used in an
epoxy-contai ni ng varni sh containing at |east a

phenol i ¢ hardener, to a smaller catalytic quantity

whi | e mai nt ai ni ng si m | ar varnish gel time. Such a

system | e st0| repre ter arti al
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T4 Ultarnkingeol eblept 3t H“ES’rPf%féﬁ Wi¥8 a cure | nh| b| tor
such as bor c ac articul arI&yrr usef ul

mai ntain th ep%%’gw? ong-SopiBiE FRY ot TR PR the present
C atvahtjst includus @t lpast boe mkﬁreﬁﬂrcmpﬁmm lﬁi(ﬂﬁ réMnts bre those compounds

[ ich .act as |atent_catal
%nq:ﬂ%m? I%g 15;}@“ ?ﬁe wcmal egm{y graup, leic [SROX I'F%la mﬁ( 88 EFélfratf:ﬂ 85
apesavmtbd bhbkaine,edclpﬂlpa@t@ma@arawowettdnothbc prdesrite substituted. The

'ey@&%s@mmafﬁwgee @r@%fg&g@péu' on tenperature (Tg)

of greater pre y a Tg of greater than
1400C, nor €, 0

t
even nore pr e{e ber %x*ﬁes%fcogp éﬁ%gp%{'%bﬁpiﬁ%c%og/CPOXlge as used
d B@c'mpg%'rsnb o nompcmne loatnumare @)ircbmmiungsr@ataeﬁng ) tﬁﬁ%ﬁepox y
3
Dbl PRl tpdidk s dhedeil b e ChevalR Bl R O, he
Teeagtionpfagobrepexidennd 80bain extendenpvherinidk st producahas, on
Z%ée-r%gl%)thé?lf ond ruﬁx%ﬁc%sd dplafde lmgbé}%cﬁecul%r ?j Ell;qglP leg@pPécédgs may be

T288 “of greater t m nutes, nore prefe
oPregied fram thekowngeaetion pkapihalghydrinseand n@w@y@l%péheameylf@

TERMmpMs dFaRFHaBE e,sda&ras dReiuak ﬂ‘h‘ﬁ&ﬁylpr%?an@‘éb&(siﬁ@ Bnd &gl‘}@iﬁﬂef 2-
foil (conventional 1oz copper such as a

s PYlEIne SEcaghosypier PeiRERIeromRP el Whidcar awryplayeﬂé@rem include,
stpaRgésinsGlictasehvl exantpha theePychlyC 8herd Bflpolyhydric phenols, that is,

compounds having an average of more than one aromatic hydroxyl group per molecule such
as, for example, dihydroxy phenols, biphenols, bisphenols, halogenated biphenols,
halogenated bisphenols, alkylated biphenols alkylated bisphenols, trisphenols, phenol-
aldehyde novolac resins, substituted phenolaldehyde novolac resins, phenol-hydrocarbon

resins, substituted phenol-hydrocarbon resins and any combination thereof.

Preferably, the epoxy resins used in the resin composition of the present

invention is at least one halogenated or halogen-containing epoxy resin compound.
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nore preferably a peel strength of greater than 16
Ncm and a flane retardancy in terns of a UL94
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cur abl e hal ogen-cont ai ni ng epoxy resin conposition of
the present invention includes at |east one epoxy
resin conponent. Epoxy resins are those conpounds
contai ning at | east one vicinal epoxy group. The epoxy
resin may be saturated or unsaturated, aliphatic,

hatic, aromatic or het rocgﬂllc and may

c IoaH
i E e R M ST A p——
paing @eleast ondrabdgen aﬂieyxatobel @ﬁm/fof ee&hf;blec @m&m&mbrdrﬁn@ and is

P herein refers
e R oA o BB e ok P2 g B  gArsent
oneveapwxyncwma élgjymdﬁ’bétwpﬁbetrdﬁomsbls;ﬁfedolhﬁe&xﬁl derivitBlesiheof.

p?.&aln%le% %f ﬁg%ﬁé}éﬁg&ﬁ' Hscﬁ%:f hgll g Iprrég tt ﬁdg?tlon\m%? Iqﬂ?%?af?émﬁf} available

r gesins S@ﬁh iﬁr@&lbt“lﬁ@@ serign, cammeagzély avaitablet frcmn ToePow Chemical
unFfdahfd epoxide unit per nol ecule. Aliphatic
pol yepoxi des may be prepared fromthe known reaction

X fi
g];( aﬁ‘B: 22' gp ¥g§ ill B(?\gg? anfglgh%%b or}esﬁl& m%gg {Jse%gleoglle, 1:1 gombmatlon with

t rongret mylemilep halegamp@niathing epnxly ﬁbmgb %())@ irdytmbirktidn with one or more
Cc [.a n
XU GO s B0 S S H PR o o
f ¢ nexbalpgepated bROXY Irss0i id prefesdbiectosaf to mnhydtyﬂhmecretardancy to the cured
p | ’
" E&gs';]\po’ﬁhg \g{%{t ngtn?vént%? gﬂggeq[qécé ?%\é Qp érf@m@ll){ glc c presengr?lg%vary
i Sepsad El‘ﬁ]ﬁ'P%“ th@,pwlgplgg(@e@mmugturemsgh @lyo kasthe balggenenatest, in the
hahRgaRAUR o@ BaNN 8 ’kna@rl A& qgal?é #Eﬁ&%%he %lct tha}t other flame

al kyl at ed ghenols al kyl at ed bi spheno tris
p ﬁ'féﬁf&f*'ﬁ? Pighy BePiseRpbinghe ‘f@mowslon s%Pé'sctms the egring agent and optional

phedialal daepeeeRanelogshated $ihmns reBSRPIre BHiRGA, Qg?erably diglycidyl
bst i tubed phenal %%drocarbon resins and any

08??67?1%{?? ﬁo"?‘ﬂ’é PagRo! Apind denivabives thereef. epoxy resins used

in the resin conposition of the present invention is
at | east onl aarBhedimerdtheratinal bejesrnaied epixiresin leporyalogenated

r @ﬁcbx@' ré'éi’rﬂ'ﬁ’éébl elehERbABMR R HRIpR B iRRANNN i S&dnRarMeSotal halogen
gﬂgﬁ égcontalnlng at | east one vicinal epoxy group

SPMBPNFIGRLAF BYUPEN 2TFeEreREANIAOPeraRt taveight Pased on solids

emhﬁxg fﬂiéi‘s@,rpréferaﬂ& bbtweeH 5 fercediibhnd 30 I @h€ hdDin¥re preferably
en-.cont

S0 RSOk I8] YISO ELALNG. EROCY ESL IR o

etdsarto abn-haibgalared epdiyspdirenmsed inftha bemptaitiov aF thégsesent invention is

t 'B&(NQ&T 100:0 and 2:98 by weight, preferably between 100:0 and 10:90, more preferably
between 90:10 and 20:80. In another embodiment, the ratio of halogenated epoxy resin to
non-halogenated epoxy resin used in the composition of the present invention is such that
the total halogen content in the epoxy resin is between 2 percent and 50 percent by weight
based on solids, preferably between 4 percent and 40 percent, and more preferably between

6 percent and 30 percent.

The epoxy resin compounds other than the halogen-containing epoxy resin

utilized in the composition of the present invention may be, for example, an epoxy resin or a
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Exanpl es of the epoxy resin useful in the present
i nvention include commercially available resins such

W@00BE7R (tn) 500 series, commercially avai | Bsi/@Sionemss7s
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The Dow Chem cal Conpany. The hal ogen-cont ai ni ng epoxy
resin may be used al one, in conbination with one or

nor e ot her hal ogen-cont ai ni ng epoxy resins, or in

conmbi nation with one or nore other different

non- hal ogen- containing epoxy resins. The ratio of

halo enat ed epoxy .resin to non-hal ogenated epoxy resin

i §°B ‘8?‘&}“ YO HBERTPreRg sk e Hbeﬂ“‘ra&?gf’éd%?'&’r%jmyi qr @ phenol type

t hemﬁwndﬁbrémddfrorﬂ' B@eM@@ll@’GﬁnﬂManﬂﬁe,'@%p@%@ rﬁ%ﬁ% epihalohydrin
ependi ng

r esi nay var
BB eAeEolle P areotd FroRuahe SiasEh oF b aenied componts.
the hal ogen content in the hal ogenated epoxy resin),
as is knowrinione eWBodiment, the epgxy gesinspeized in thetdemppsitions of the

t Iﬁﬁker@ﬁm@ﬁtlﬂ iR6TBAd tREREApPodib &l York §n BHiBSESNdrih Qn& ‘bgrenol ora
ggpfltlon |nclud|ng t he curing agent and optlion

YBs compauntl, Thephepe] typs compapunddecindes sempeinds bayingsn average

aroe mbi[)te‘ﬁrftﬂk%d;md@ﬂ'c emS:&Aebaja Ligyou@ng Mtslbdué ﬁdﬁﬁﬂesgif phenol type

tetra an eriv |ve ereo one

e DR el P PGBl S oA et i Eseped bghenols,

nd)mlegfaxlamg éisphendiscipaxogenifad lﬁs;ﬂh&ﬁﬂls lalkylated Wﬁ Ialtldym‘edqﬁsphenols,
S SU a

isp
Pl BRT B AR e oR T RS ShpisReriohpragil opgreno

pgpd;gmpleb}deMeg,mrefbrabbdoml@bj/ded &aKogmmteudxhag)l-faldbln&le f|pvolac

p;&;ﬂgrﬁ %t%ﬂtg& {)Mﬁgﬂa@%@&{ I?O%B a 3[%%90% roc.’-tlrbm] l'CSl[lS s&bstltuted

prerera ween percen
aﬂ?b@mbhymm@n mEsins, phehel- hydthmbmﬁalmwﬁgemm etkylpd)ppenol-

r ﬁ?drgxfbgnﬁ%ﬁmlr&grﬁnﬁ}d?&al%gﬁ ﬁveen:?ﬁ%klﬂs, 2&%@&903 rﬂglféﬂlagxd phenol

conposition of the present lon i
affging; 'ysrosvb%alejwﬁted ph%méfealms Pr pesnhipaiend hereof.and
10: 90, nore preferably between 90: 10 and 20:80. In
anot her entlodngthertembotiignenatheepofy hahngdized mdhe@onppsitions of the

r S .
IR AL RS ST .
t Blagenpigg b@@wne'érhye@mgemﬁedtm@herpﬂmyomu resings aigbpoleadirylede glycols,
P8 &RiHinaBBhs Blebe r]ﬁ(%ﬂi)lepr Mﬁihgltm Ablﬁégfjepg?y aelnk gscteful m the present

referabl% bet ween percent and percent, and
u

peF¥eRn q?é;PWé‘g’ﬁc"é yﬁé?'&:"é’*ﬁ fe%\?ﬁowslwp%ﬁéé‘m 300'FPF(‘FSéB‘é)?3F R.T™
I 660 series) GPRMBLL 119 bhdablefbm THREDHACAGRRAICCHHFhA] Bfhmples of epoxy

Xy resin . . L. . . .
eRl%leac resins useful in the present invention include commercially available resins such as

D.E.N.™ 400 series, commercially available from The Dow Chemical Company.

In another embodiment, the epoxy resin compounds utilized in the
compositions of the invention preferably include those resins produced from an
epihalohydrin and resorcinol, catechol, hydroquinone, biphenol, bisphenol A, bisphenol AP
(1,1-bis(4- hydroxyphenyl)-1-phenyl ethane), bisphenol F, bisphenol K,
tetrabromobisphenol A, phenol-formaldehyde novolac resins, alkyl substituted phenol-
formaldehyde resins, phenol- hydroxybenzaldehyde resins, cresol-hydroxybenzaldehyde
resins, dicyclopentadiene-phenol resins, dicyclopentadiene-substituted phenol resins,

tetramethylbiphenol, tetramethyl-tetrabromobiphenol, tetramethyltribromobiphenol,

-8-



utilized in the conposition of the present invention
may be, for exanple, an epoxy resin or aconbination of
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phenol or a phenol type conpound, prepared from an

epi hal ohydrin and an am ne, prepared from an

epi hal ohydrin and a carboxylic acid, or prepared from

t he oxi dation of unsaturated conmpounds. |In one

enbodi ment, the epoxy resins utilized in the

conp03|t|ons of the present invention include thgse

r eEpeidorpbisphgael - PF eﬂwtawt@m tharegh ;Pd?fFﬁb'é(n'&e EPO R cpposition of
arhe pedien: ifveMfonCeniams agklycldy et @dtrabivrRbRpHEAOLAJ

i ncl udes conpounds havi ng an average of nore than one

ar omat i hyﬁ,@gmmg&pmugnf&onﬁgyuﬁﬁ% Grell FFAIPIGRe L. See Kirk-

phenol type conpounds in ydr oxy phenol

bpﬁﬁwoﬁ@yclmeé]@wé foemicabBichepdegy a9 Heh piedrio PR 267259, Examples of

h@é(ﬁ? e GHd BES BH:@E‘:%@ smm’)ﬁ:rfgxgl%@% &d c&h?&'ﬁﬁﬂ@ bfthe invention are
alky ated blphenols ated bi sph

t pisQ fesersdstor pEmk, "av i%ta@ NassT 990308648182 ns
(that is the reaction product of phenols and sinple
al dehydes, Ippedikar ambydlffﬁﬂtnﬁle@Wde%mS utitipeshia g eognpositions of the

Elec%ll lr@'leﬂﬁ)ml’%cﬁ Qﬂ’dgla fHsins %?ddﬂ&ad fﬁiﬂpﬁ éptnﬂé‘icﬁgdnn and an amine.

phenol - al dehyde novol ac resins, phenol-hydrocarbon
r 84itahls af@%st’q"t@td@dmﬂﬁéﬂl%ﬂ"y'm?ﬂﬁ@% APoRhereb xylene diamine, anilines,

pPbeaRiinYidhaxsbsnzal dehyde resins, al kyl at ed
phenolhydroxybenzaldehyde resins, hydrocarbon-pheno

resins, hygg Qﬁ?fﬁﬁe{? Qﬂlbo&mﬁ, gﬁg%kﬁ)gfl rgﬁr?srmﬂl1zéae§i'tﬁl§compos1tlons of the

hydrocarbon a at-ed or conbi nations
t Pespanpinvention arrvbmélrose rﬁw@ pradneed ftqveam@yoiwérsﬁ argl a carboxylic

UEéxJi' gﬁﬁbie@aﬁbb)@yli@‘l@ﬁ@ﬁictdd@ BRthAfc Jchﬁxsbﬂifﬁef‘fc'a@xﬁ terephthalic acid,
pre er ab i ncl’'ude those resins rOduce from an

e&F‘H’&d&T%ﬁ”Phh%ﬁ'a’deQBﬁ%?ﬂ“é G"W%‘@’éﬂrﬁ‘ﬁfﬁgﬂwﬂr@bﬁ‘é%ﬁd

hydpiageRataombh RO AR Sphundiv atia Corlc8binationd Atkreof.
pol yal kyl ene glycols, or conbi nati ons t her eof .

Exanpl es ofy, Dicili eRBbdifeRARE Epok Pkt rEﬁ?S' tG 4n H&;vedt)égd eP@xy resin

t he resent I nvention | HE?U de commer ci al y avai |
r &hichds e Eaction prduckRTionf OBUOreSPPTESIBY RPMHORRITE, 08 ﬂsscm}@d above,

S Qfith %ﬁe oﬁﬁ&@%ﬁ&ioﬂlybé’ coMpuh@dn@/d bR Thiste BONbSIRBIh Rz an average
epoxy Novol ac resins useful

Conp in
R e RS POROPAERUR BerapplfRiccr eacybef Aor g kermatively,
r ﬂfeleﬁSx)&’dﬁﬁl ma$ b krebctbll (ithh c4B0x )8 eubiseimted mgam&rrsma kich is described
a ailable from not h
B RR R LA PRRY P B IPD SRR RBE T 3 G A Fgrarbon
c baqsbsict adinme of mbieearboygnaietivspreftwbiyimare thag bud end moge
e
c ?e %0 O)F {v&poh Lig‘rgg: L%r oh dﬁp;a %Jrlfg he %ggrgnlgﬁtza Glal@ied- chain
balgprhaeqq@lkem?opuonally contamlng oxygen Fatty acxds and fatty acid dimers are among
the useful carboxylic acid substituted hydrocarbons. Included in the fatty acids are caproic
acid, caprylic acid, capric acid, octanoic acid, decanoic acid, lauric acid, myristic acid,
palmitic acid, stearic acid, palmitoleic acid, oleic acid, linoleic acid, linolenic acid, erucic

acid, pentadecanoic acid, margaric acid, arachidic acid, and dimers thereof.

The epoxy resin, Component (a), of the present invention may be selected

from, for example, oligomeric and polymeric diglycidyl ether of bisphenol A, oligomeric
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(1,1-bis(4- hydroxyphenyl)-1 -phenyl ethane),
bi sphenol F, bisphenol K, tetrabronobi sphenol A,
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phenol f or mal dehyde resins, phenol- hydroxybenzal dehyde
resins, cresol-hydroxybenzal dehyde resins,

di cycl opent adi ene- phenol resins,

di cycl opent adi ene-substituted phenol resins,

t etranet hyl bi phenoi, tetranethyl -tetrabronobi phenol,

tetramet hyl tri bronobi phenol , tetrachl orobi sphenol A, aor
@oﬁbpimern@ giglycidukctlesr 0 'PF@?r@malmPghenqlr»f‘e oligrymsyicrapd pplymeric

aﬂltelh‘apomlsph%l Rr88 etfablothBRphAB! & %b@d’]iéd phenol Novolac,
igrycid et her of tetrabronoblﬁagenol The

mpew@dlb@ahw Adberolas mﬁswegner@o # eﬂ?hb%ﬁ'“? Fq itures thereof.

art. See Kirk- Clh Encyc edia .o
Technol ogy& @Od%ef & tge e%’gy 767- 1§&\§ n‘%l duet gta
Eﬂb@é}éox’xeésaﬂ’dlsa cﬁmﬂ»oﬂidmiomapm@umsmas onelisbapahae froretw@e: in

B SRR e B, AR5 G800
TeddiBated polpmxatdidpnes nBrof¢rabisn the epbey l@poo@omp@gpmga), contains at least
cmeox%%??ﬁﬁx%gﬁﬁg %gg;kghons of the present invention

ose resl produced fron1an epi hal ohydrin

and an ami SUIt bIe nlnes
di am nodi pﬁrb g‘ e rﬁuﬂ%?\%e (iJ go reff:réerc]l eto as a hardener ora

amnodslinies), Connpomnb(ibh atlhmdsn ﬂh@pmpbsltldmfamrtﬁent mventlon includes at
elgPSan rifa%ehext pgﬁn%)w:tl{z? eﬂ§h \ﬂdex?Fﬂn&t%n%lh? a l{alg]ders'l%r compound

I1ons O res on I nc
Faghie offgeperatinah mhemhcmxd@pylrfamhy%irw T 8 xtiredhareRsx Praferably the

a&,'nqﬁt %}A:t fsakbof &ﬂrdwm.mr@&lc%pm@ w&ﬁ tpﬁéﬂoh@hjzcﬁo@@' d,

i sop I C aC|d terephthalic acid, r ahydro-
dhdﬁsmﬂﬁéﬁahydrophthallc aci d,
endonethylenetetrahydrophthal|c acid, isophthalic

acid, net h}EItheRlahyﬁJhoothdalv&iim aadlb@blicchb'd@@ﬁﬁvwépil%itns(the phenolic

tJL@ ggg lncl Bur%gm%ggrﬂé Lag )ef)\‘n{o?éﬁﬂén(;lﬁfg%lﬁns per

anc xy resin r eact
pmgl@tqdo ijltabhgph@nol oHring agmycm@gdlhgdr@mp@mb@heggs bisphenols,

dﬁﬁeh&@tﬂb:ﬁ%\ﬂﬁ haftigbhh @ s phEndI® afkyRRAMIheholS) %Ikylated bisphenols,

conpounds /or one or nore conpounds havi ng

a‘&'é?‘&@@'s’d?heﬂﬁiﬁ@e{‘mﬁe%ep@w'p S nwﬂwﬁmsg%%ﬁ?“ﬂsﬁ‘ phenol-

NDUEGHE Fovdfac HaFHR! éuBﬁﬂuté@ﬁ\é@ol -ANIdh9 8 Bviolae Irdsins | phend @dipcarbon
a

resin nmay be rea car

D e RiFn R R 2 ?f‘yg%“za'%%‘vﬁ»ﬁa

hakyiaed hdnpll hodraxypeizabiahde aexins, ydedoarbabiphierml Esins @drocarbon-

%ﬁqé%%?‘%ég p nePgﬁgsir(“gng{?dr(ﬁ%f%ém i gla?gd RL& r%ﬂ{s &)%lnbmatlons thereof.
Preferably, ’the phenolic curing agent includes substntute_d or unsubstltuted phenols,

biphenols, bisphenols, novolacs or combinations thereof.

The curing agent of the present invention may be selected from, for example,
phenol novolac, bisphenol A novolac, bisphenol A, tetrabromobisphenol A and mixtures
thereof.

The curing agent may also include any of the multi-functional phenolic cross-
linkers described in U.S. Patent No. 6,645,631, Column 4, lines 57-67 to Column 6 lines 1-
57. ‘
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preferably two. The Cl- C40 hydrocarbon backbone may be
a straight- or branched- chain al kane or al kene,
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acid dinmers are anong the useful carboxylic acid
substituted hydrocarbons. Included in the fatty acids
are caproic acid, caprylic acid, capric acid, octanoic
acid, decanoic acid, lauric acid, nyristic acid,
palmtic acid, stearic acid, palmtoleic acid, oleic
acid, linolgic a lin Ienlc acid, erucic aC|d

pent adecano "c°"58]“b°d'l‘?ﬁ? P FWingA2gnt cqptatos g halogenptad flajpg

direrandsntt Resferatily th'Ehﬁlogmléyl fraeﬁ|raardﬁamp@mﬂﬁna(@)ﬂan@frethulaem More

nt i.on | ect exa
PRy B Rl e iR Bl psencie Shrepenen a
Atetmbrogmmphmnel opdérjmadvdsc di gl yci dyl et her of
t et rabronobi sphenol A, oligoneric and polyneric
di gl yci dyl Brdwiesst chiingseniotapablanfigenerating phenolic hydroxyl

t @ldcabiPiPPis Bg’&BQAZlﬂ%& Wﬁb@h%‘i%ﬁé&e;&? gm}’a‘?hgc erem it is meant

epoxydi zed bi sphenol A Novaol ac, oxazo ne- no
e Mk UPandisating the Grig,aEENt 6AMPANSH She curing agens campound transforms into

e ﬁ’ﬁ&ﬂérﬂfﬁﬂxbourﬂ" Qlaﬁﬂg’ BhenbRShyrdx§! full&tidn8RGds! PRcPL @I Gleuhg agent.
§§ éﬁg? | de and conpound cont ai .ning nore than one

Compeyt <B>r°"am§) Bacp s PhiRdpudemsorparngds Which fpran a

e phesiolit eskNlipkifgapeedupon hé‘aldiﬁél far éx@apld, YRcie$oMlined from heating
ggﬁ gzelé%kg %sgﬁt)gcflggboé( %é %l?(ﬁ%e F(){ Zagg‘gglﬂé’ oftsgceh c%m%)énents also

oma:n@lelbdmeazimbffphaﬁblmmeyn ibersdoRazitd bf Gisph&izbadbdmeMazine of

t IB% E%eﬁgo%(a%mé '&1 ce)iu;l ?1f8‘5eorl£ce %1x9ur%saof chgntcﬁ)gponents Jescnbed

cros ut’i
c@htpmsmaylaﬂm befustdhe present invention includes at | east
one hardener conpound with a phenolic hydroxyl

functi onal | Inyanothelsnibdaingnt, 6 ARGl RN Lagehts that do not contain
gepera functlo

mPXture h}’c&%’fyé g‘f"cp‘ﬁ}a&ye‘%%{a@é %Qﬁ EEIR 5 7 E‘th Pydriypfinctionality are

c @rﬂp@m irdthe corapasiticinu I0e-cofing gEepe wsdsl mmmhmpmm |ai‘e(1hose compounds

%l th%é’knﬁ:éd' iff % alrtttl) chct »ﬁﬁm yye&nﬂges eno ncedd egu>|gy rﬁans to form

roxyl func I ona
a@erldtr)er fln@ilmmbwt;o Spdunecksrihgagenty isoludeyiart ag:moofnmaerlatooammo-

|
N M D A I Lo
by pevete pahydHdtsotiich 4t we@ﬁ-whlewem drwanv@lg@ﬁatl’eererably the molar

birdiolee G&}llr% aghcky E@E&%g%aﬂ ?tﬂ@ln%lar audoMd @Jl&ﬂjatéﬂ b%@é}ﬁﬂlq})éactwe
tri sphenol s, phenol -ald éﬁe resins, qgﬂeno -

hyd
n&PYPHEAPRIS Pﬁ@actwg%'@éﬁ%&' ) isikeitseal f garks0: 50, proferaby between
100:0 and 60:40, more preferably between 100:0 and 70:30, and even more preferably

between 100:0 and 80:20. Preferably the weight ratio of curing agent to co-curing agent is
between 100:0 and 50:50, more preferably between 100:0 and 60:40, even more preferably
between 100:0 and 70:30, and most preferably between 100:0 and 80:20.

The ratio of curing agent to epoxy resin is preferably suitable to provide a
fully cured resin. The amount of curing agent which may be present may vary depending
upon the particular curing agent used (due to the cure chemistry and curing agent equivalent

weight) as is known in the art. In one embodiment the molar ratio between the epoxy
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novol ac resins, substituted phenol -al dehyde novol ac
resins, phenol - hydrocarbon resins, substituted
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resins, al kylated phenol - hydroxybenzal dehyde resins,
hydr ocar bon- phenol resins, hydrocarbonhal ogenat ed
phenol resins, hydrocarbon-al kyl at ed phenol resins, or
conmbi nations thereof. Preferably, the phenolic curing
agent includes substituted or unsubstituted phenols,
b| heno}&éﬁblsphenols novol acs or conbi nations

ESP ROXY 7Sith (oqpenint 6. apd ghegpackivg hydregea grqupmofithg hardener,
beCc&quoﬁﬂit eﬁ i Ibetiee O aAd aﬂpbr@fl;erdgt}ﬂf&ﬂbt teeﬁgvfpl @:gi 1:1. ﬂ ancoi more
0 no eno ., tetrabronobi sphen
B e e BE AR A D S e ey e g s withthe
[ rphbnmdie caring agéntf then the Inidlarfrativs deseribdd 4HdeA§HOUR be based on the
crggg%&:kqﬁ%udescrlbed in US. Patent No. 6, 645, 631,

r"ég%g?mé7 to Colum 6 lines 1- 57.1n one

enbodi nent, __the curi ent contai ns an .hal ogenat ed
flame ret arE%Frﬁ“"“ﬁF@?lg?t&ng PSRN AHCBYRIn Somgonankeed (also referred to

r et ﬂblﬁf&fgtacd:deraobru@éﬂ 1ﬂ&lﬁeﬁ=§ﬂ>oi§ ﬁﬁﬁ cbiapavitcbads theM?Es%nt invention include
prq rom.n | ame retardant

b8 fﬁgﬁ%f %ﬂllblﬂg ﬁ%[fli)%mg%\bfblﬁﬁ ﬁﬁaly%%reagtlon of the epoxy resin with the

t eturiggoagemo dihe pluvegeal- cdhteﬁﬂimgl&ftalyﬁtmﬁﬁﬁmﬁ Ei(ﬁllﬁ'@kééﬁntg{ventlon acts with
C UL | eneratin enol .l C I ox
LRI ARl SRR, Bl LB B e
Bypoxyaerdn @ta firg? artiele ©f mantfadtsre sudhris _atstmcttunapmnﬂaa&t orngmnate By
tBR ifh IBIQ Eéa&%% odiid yﬁgant Elﬁ?thg gﬁ Q'esugﬁzhs essePFBl?r completely

q
transfornms I nt ano?ﬁ oun
h e Whicts fgnexamplenin bee@ a tm wien m@nsasuaapramrchmge between two

2g6Rkouts RTRlaSrahertIRONENt (D) curing agents may

al so i ncl ude conmpounds Wwhi ch form a phenollc

cross-1li nki exa S
obt ai ned f rlg %nﬁgrgpédﬁ'w’gg? gg?? %"g%onaém QBQ%I'S aﬂ“etﬁ“’s‘;y clic
Paitoaen ¢PoBnE 45 a@mepr aExmmphigm cofmpeuh chfnpblyenht gitrogen-

ak&RaihiAg l:élﬁi?stlggﬁﬁm% mﬁﬁazgge&q RiNR S\#lgaso]e, or mixtures thereof.

benzoxazi ne” of henol - enzoxazl ne
b EXHRRIEO- Swta%m%@akp defingf! by thepessentanvshtien infusi Zir es

Ofneﬁllyﬁﬂld%m QUL iREREHIE %&hﬁ&%&hﬂﬂ%.&&&l@ A8 cYibflations
I t.her enbodlnent one or several co-curing agents
feo X35t eé&flflafahle catalyst compounds also include those compounds listed in

European Patent Specification EP 0 954 553 B1.

The nitrogen-containing catalyst compounds of the present invention may be
used alone, in combination with each other, or in combination with other accelerators or
curing catalyst compounds known in the art. Other known general classes of catalyst
compounds include, but are not limited to phosphine compounds, phosphonium salts,
imidazoles, imidazolium salts, amines, ammonium salts, and diazabicyclo compounds as
well as their tetraphenylborates salts, phenol salts and phenol novolac salts. Examples of
suitable catalyst compounds to be used in combination with the nitrogen-containing catalyst
compound of the present invention also include those compounds listed in U.S. Patent No.
6,255,365.
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phenol i c hydroxyl functionality or capable of
generati ng phenolic hydroxyl functionality are present

WO poorlegs7epnposi tion. Co-curing agents useful iPCT/OBR06/048578
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i nvention are those conpounds known to the skilled in
the art to react with pol yepoxi des or advanced epoxy
resins to form hardener final products. Such co-curing
agents include, but are not limted to,

am nocont ai ni ng conpounds, such as am nes and

di cyandi am C xyl.ic s and _car boxyl.i.c

an hzdr i des, P%duac ougtsoé ?yé*%‘ét!lﬁﬁ{? g © IR IS8 %T‘S}?fb?f the present

Priwfestiarbis yn ameuntroffedtive at ¢amlyk tieLeicrign afybe tpdxg resin wntl:_j the curing

CQ-GHIi a se

O%g&ﬁ eAg%t@ggnﬁr} %\E Qrg tgg.l.«ug nt %P a?alyesgté)fb rt}x%’izec{cﬁ desl upon the

e soRpeResls unbzelden m@nmp@ﬂm@u and:r@ssm reqmlefnentahinyl the performance

b : r tween
%&&g&?}%@&'gg@g\? 6 E&#éggtup{?rae era ﬁfn%ro n‘#e&égﬁ bgfocuang

8@cepipratms ppesrinpreiprabhefromioPel pergerited '@$s thar | 0ggrepgelyt wéight to the

CRp&Y ki (a3 ead dn%oh@%vﬁ&@ pile%}algy %lq o pr%pcenmrﬁercent by weight,

pref erably between 0, even nore
prEEsEPeLs PiEfesehl viam OlQ?ope@ceaH@ 2mrcgat byayrightosd even most preferably

P ERED. ﬁbbéfcehﬁfoVﬁﬁFceilxp@ Weigitd T8O adBunt Th&irind b QiePftors s can be

cur]j agent to, e resin is preferably suitab
pFSWF g%toaac?lﬁyq %}llt ? gacthégfcharaeFWgeghﬁgﬁtge m%@prlﬂﬁg: In general, the
ageate o gehtimeyr e rasmes QM°mmaM@ﬁﬁéddﬁﬂ&€ﬁi D0 GecRPR) 4500 s,

d t
B i 08 A0 B R SR s 0
knomn in the art. In one enbodlnent the nolar ratio
bet ween t h&NFWIESSHaYSH systm. Compapssk SF)’rOé Sy of e apafessystem can

( @} comppflieitiandoRmeitey Ritd e hagarr crbﬁagmen b). the hardener,
Conponent (b), Is between 1:2 and 1 preferably

bet ween 1. %he%a@rygt abjubvart coaqggnempsﬁh@{;r@ﬁeﬂt ﬂ@érg,oﬁ SENEE ent (@),
1.2:1 and 1:1. a co-cu agent 1s use
cYfsh M éheleB‘Pf‘Y\/W%"hc‘tfh@S}:SWé 196 mecpreéemuwgma@e istused todaketthreplace of or

YTEJ:t&E ak@stife ARpeRdnb RS a%ﬁibﬁ o8 RUbsteREatRASE gatﬂpstts@% to reduce
nmbi nation of curing ents. The curing catal yst

"pplast oficoahES l&ﬁd i EROME RS CPOtitgms oT*}eéP@PY!S@dU“"aﬂt is a
t or@ifoudd diffckdngfran el Cutaysbhind désefbticBnthil @ nf h{ afofiS! N
conposi tion of the present invention inclu

ni t r ogen- cqRg@iaBiyN@ie eaarpalaaﬂsam aC&nﬁfaLaJ a%gbné Bﬁedum

l'ﬁ the
reaction of the epoxy résin wth the curing agent

nFeIeEYetoe ehbanieay- %%'%fa%wwmowcqnﬁ@mp& ¥ayBigh containing

I avedst & plitnaled l&ranElh ThaRatalykt aﬂﬁw&i}@@ﬁrek&bfﬁaﬁz\lﬁ@of reactmg with
i nfusible reacti o P(ﬁdUCt bet ween t he curlnc
e B byt

o R R PO s REFoTa p EFEPO P e cupeayic acid
Sucdnhgdrida gedupsi©F oorabinatmaphsedie The plefeffed adRpoulBys contain at least one

cyclic carboxylic anhydride group. In one embodiment, the catalyst adjuvant is trimellitic

anhydride or an oligomer of trimellitic anhydride and derivatives thereof. Oligomers of
trimellitic anhydride can be prepared, for example, by reacting the carboxylic acid group of
trimellitic anhydride with a polyol. Examples of anhydride such as those described in U.S.
Patent No .6,613,839. The catalyst adjuvant is used to reduce the concentration of the
nitrogen-containing catalyst, such as imidazole, while maintaining similar varnish gel time

and controlling other varnish, prepreg, and laminate properties (for example Tg). It is
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an infusible reaction product, it is nmeant that the
epoxy resin has essentially conpletely cured, which

wo o0o7exEepl e nay be at a tine when there is |iPCT/@S06/048578
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no change between two consecutive T g nmeasurenents
(DTg). In one enbodi nent, the nitrogen-containing
conpound is a heterocyclic nitrogen conpound, an am ne
or an anmoni um conpound. Preferably, the

ni trogencont ai ni ng catal yst conpound is an i m dazol e,
derivatives of im dasole, or m xtures thereof.

EXaffoEkY BRt Ge hieH P EOMRoUIE £eNtaigingeRbaEYiCiigidioR anhydedegrpups also
| @U Elh?lﬁ} lﬂngl%lvéédﬁe Qarmgf?{)xla}{ésbnﬂk dafelve Thé vREARY build-up during

azo etq¥ i m dazol e, and
¢ ARSI HSPTE RS RiBToE E)@H}?ﬁihé’%‘hﬁ‘f fog gimilap$etes thif §e pot contain
C GEEDANspoah& 0 | ncl ude those conpounds listed in
Eur opean Patent Specification EP 0 954 553 Bl. The
hi trogen- cws@dawnﬁgacg@aa! $ 3 bLRIRPAR Handbitn {%Fn%éx%[h'ﬁe and

i nvention may be ‘used alone, in conbination wth
otPFHE§rably FO'P'h‘e ibiHe VR SYSiSR SHPRISIHER 2trreliens feAtRSTaturg In one

C @hibB@inteat, &le)ptdfertArtR@ SO LKiﬁﬁkVi@hJJLnd hifRocdEding dIp&hture but it does
known general cl asses of catalyst, conmpounds include

b Lljlf)t lg}d req Sf(tepqlm e-tvg%orftb)nm ﬁhl?JFféedCtB rﬁ’fﬂ?ﬁﬁﬂ@ temperature. If the catalyst
phdjsipiio i nors sighit ag prbmssiﬁg(eh@slr,atulrmtdamédswfm&kd fhat the adjuvant be

TR0 A G e ERLHE . RO B e

avdthghasvobityislost HY Baal, prsferdbtyalgbdve $0 Bé-s,Stwiré ﬁd&fe@ably below 1 Pas,
CahabVeA 0 FRALRS Y BE #A%e%,%hnn,bag 1L Lo coméoguéq["s%re not

ni trogen cont al ni ng Ca oun
i Byitabie fonthg hpplicatinn hechuse they @@@Iﬁp@uﬂdm‘qu&t% ratg ofle\@poration of

P%eﬁﬁ‘alﬁpad \ﬁ»agtﬁﬁ ag’ @éprgﬂgleabw %anqbt\fﬁ%‘él%laytﬁltun l:ﬂ i d()l"é eﬂore

In resin Etfﬂlrg)OSItIOHO
| mﬁ‘é‘ﬁ?‘?'b S? %‘a'aﬁ Wi RYcenl/min.fapd eyepanqre p@ﬁﬁr@hbylzes thire! wt percent/min.

1y Oflaik cith?st%@gx%tg 88y bt Bk billtab RSt tA8y l@g@&tevaﬁate
nown in the art, the ‘anount of catalyst” to be

uﬂPFF?éﬂ“ﬁ@ﬁ@ﬁd%"ﬂégﬁmﬁﬁe conmponents utilized in the

conposition, the processing requirenents, and the
per f or manc eT'lea%a@%‘?sad@fvavq\\équnF il theseoay brsin composition in the range

MRPEbAGLAIRbent 1B 20 B&cﬁl%é’l%ﬂ baseh BF sé\mg éfeﬁgl yHeweRF 0.1

accelerators used i s from eréent to
| @egentaadh 18 peresat ot PristpraRly *ngew 3 m?éceeb@,@f ReEsgNty afdgven more

( lpfﬁ@datp Bet®odr QIS percdi® it Pperént. abohifh Qicéht@iorPEr R kalyst
referably from Q.02

p§9J8 N ﬁorb%qﬂ@gﬁ gp%'ﬁ p(%\é/?'g H}r‘r’g‘r‘tgﬂﬁ‘ﬁeaéié IQ,2 pastow processing window

paed eﬁt&mbheyresultmg laminates made from such a composition have low glass transition

temperature, and low adhesion to copper foil; and are brittle.

The adjuvant is advantageously used with brominated, oxazolidone-modified
epoxy resins. Such epoxy resins often show lower thermal stability when compared to non-
brominated or to non-oxazolidone-modified resins. The present invention is very suitable to

enhance the thermal stability of such oxazolidone-modified epoxy resins systems.

The present invention is also very suitable to enhance the thermal stability of

compositions containing cure inhibitors such as boric acid.
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fromO.04 percent to 1 percent by weight. The anount
of curing accelerators can be adjusted to achi eve

W@ iorai7e9 reacti vity characterized by the gel PCHESZNG6/048578

1700C. In general, the stroke cure gel tinme of the
resin at 1700C i s maintai ned between 90 second (s) and
600 s, preferably between 120 s and 480 s, and nore
preferably between 180 s and 420 s. The entire
cat al yst system Conponent (c), or part of the

catal yst system can,.be conveni ent i ncorporated into
t he hardene OC’:SﬁBg dé??f’"t(dbe)moﬁrr@t"ag%/t&’ra% gla]xgj\ggwps of the epoxy

~ cozwpofempoadt (ayenp tresembmaumnecrftthd)deactﬁe ERAPESTthd ldi)‘dener

u e | Dy C | tion re

btk 1, SRORCIAS! DuROR il Bl b 21

s um@tralﬂwb@weonb&rh and 11 Sy aral rpmepraﬁmbjy bétheen 1.2:1 and l 1 2. The

g?r%gtﬁ\{et ?l&ﬂs%{éa(%?m%ﬁﬁé%grg n[? tﬁ%@ eé ogfxrga% gg :(uevlglth rhe epoxy groups when

c exnweed flOltbmprOGEhsngamdityes descljihed amthe ipgesent droeydmn d

different fromthe catal yst and does not contain a

ni trogen atGenerdiysthefiahd serardanecsnigoahy, Konfdhenic 8)f usk@indthe
{;mgéggon gg%}aeg{)reﬁslergt m\;eg{:i ;qc g { altogeengc g:g%gé)fn ¢ h’fegerﬁadﬁgme retardants

% arerhr@hmet@d flamg rauzg‘d:alts Iliacampleaof)llrrenmiateu fhardandints ihbade

10 € ﬂ!il@ééﬁﬁged @gé)&\@snﬁs (Es?:e@%lgbgélﬁ td %a(p ak}!as?ns tetra%?o%oibpsghenol A
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epoxi te-group ystha
pﬁ“éBMhmdytsalenmw BE.BoF2&Y. D EQB E'ai@oxlyth ge a'zalldble from The Dow

agfYdich ACorli-AY, pasbroﬂ rnafEQPpélnB?ﬁdvg chhe ft?%i/crd Iaffler, TBBA epoxy

preferred compounds con n at ast 0
c ahignmeii TRBA ﬁrr_\?al?thlggm% promipatecheolysetlendi pabybrome hlenylene oxide,

Cad:abiblo RAEIE N tdt@blohioBR ]jle'nBi %@&PM@&&Q&@& ptionally, the
oI| oner of trimellitic an de and derivatives

B BRI PTG FEOPaie REHH i & Wiy thFRIgPog Psipe). te

ppmanedardé@r (b@,ﬁﬁé@nﬁmuﬁi’(gﬁ %gﬁrcbxﬂ&ﬁhm tﬁéé&f)ﬁxlgr(ﬁe@&ﬁ stitable
ar trine {1 c.an rpde, wt a 0] a
f‘&ﬁﬁw[j?r'a%m&@ﬂt IR ATE SIYER 14 B Rbpenseaat BlameTptadants--101
Baﬁ&Dsnaﬂﬁes--PEkte,ffbﬁt aJezyES funirel pppeatibities', BsEReth@akte G Bicals

tecoce patlo ta|n| tal yst

s SRS Bl gy e b Aot - il . Yar AR 1006

gel t| me and contraolling other varnish, eﬁl@ and

| ami nate propiontiiethecpgplespagyiran ?‘Ej}‘POSI"tO“ iof th PEsHRnt frygntion may

t hatheit dmmusahafcompsmmym"y OEHdah ah BEhx§ aésbp@byrlpbgnacpﬂucuraﬂy

or anhydride rq

sy A BBt D i Bn ViR o5 pe e e i properies o

dperfomparzee v me@rmapbsmcm qftleaesentin egnrien or Eheffi’mm,rhﬁrprdd’maﬂ

f &%'rgﬁjom lP%F e»?h¥r§btlee rclli"hext gb%‘bng %om%neﬁgwse%ul mn %he epoxy resin composition
may include toughening agents; curing inhibitors; fillers; wetting agents; colorants; flame
retardants; solvents; thermoplastics; processing aids; fluorescent compound; such as
tetraphenolethane (TPE) or derivatives thereof; UV blocking compounds; and other
additives. The epoxy resin compositions of the 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
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The catal yst adjuvant may be liquid or solid at
anbi ent tenperature, and preferably soluble in the

WO 200033168y st em conposi ti on at ambi ent t enper aPCT/ES20061048578
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one enbodi nent, the preferred catal yst adjuvant is
liquid at processing tenperature but it does not
undergo extensive evaporation when subjected to
processing tenperature. |f the catalyst adjuvant is
not a liquid at processi ng tenperature, it is at |east

r uvan be.h eous di ssol ved

P HeE Sl SohioRlenbo 8 i ol B i e R BB o5 g papments
atsuf8tae, ﬂpwmoarmlag@mma;udmksow 100 Pa-s, preferably

bel ow 10 Pa-s, nore preferably bel ow 1Pa-s, and even

rmr e pr ef er Bhin)é chBbdivietl, the BBox§ redih dthposiion my%puonally contain a
de corr(gounds ahe not sucjamabl e for th

app em?q ggeni that creales p ‘ésﬁ's@‘@f?é"r 1rg- 6‘&]’@%\“%3 rPé?fP"éEly’ the, goughening
r agent ofeatey pligo¢-sdpanaredafonialng of pdrad1ysS Wh@ﬂ]ak‘%f@élétsscl)iggs Rwer thén 5

rce a nor e
L MITTELAT T IR N S
p edftantap I(Wdr ¢ms 10D am. Mfcx‘plﬂ[/ Gﬂmtobgldﬂmgldg@h ligya MGd:k&Iolpbl?mer

hé’n?r‘i %ghtgiﬁgft refg% tngelt Sllélg%lgﬂgléfs&mg@pf H)Qghen}/ng agent, or
Bx@[tg@nen img ege@accmsystof a@yfunmultpart&lqsr @sferublyl dore-dhell peixlys. In

r gﬁxln@ulﬁto [FEQﬁBlB&@&pbﬁmIeEgouﬁ gftgx%génpg{ygéltaé}glaﬁ? yndt poﬁy?methyl

percent wel gnt ase
b@i%éﬁ ate) feé}:&@“@éﬁ Pokyfraethyd “ﬁ@ﬁé@iﬁe) and P@l)’@’ne'f arghte)/segments.

%l(lhelstoﬂgie‘ﬁﬁ'@ta @tﬂgoé rB?MB@tgltntlallgl?éhu@é/ P00 %_@ure%systﬁm that

pr. ef 8 ent and per cent.

cbﬁfe?@ 'P'éf’f b<df G Wéef%ratrlaﬁygtc Ao pEEfRratin<P@ When presem the

Cc @ﬂi’ﬂ;@ﬁrduloﬁ of @ﬁgﬁdﬁﬁlgﬁ@&ﬁ @JEetWééM @NtdnanolpRA Gl bARELAYS and 20
cessi W an n the resulting | am hates
ge"PFed?f?%{\?‘nBB( XS B‘i*f gk rven B\Rff-‘gara%fsﬂbtyw&wgﬁe P@pd 8 phr.

tenperature, and |ow adheS| on to copper foil; and are

brittle. THa hafasefiieh T laoNnsies b wiesifp tQugbehing 4gent may be

bhegaed et iffhrove X %Rhdss LB b @HpfeP Oﬁb()cf g@ p'?‘r%ergvég}bas styrene-

resins often show | ower ther nal

gWﬂ ipnegmeylisihaceate SIBM) palymes are very su1table because they improve

N eughnesy withdlo Agzaelinflu@fde bR sthBSlamiHARs BFRSRIRS, sbc@l\‘d@ ﬁ%' ) and
|s veg& sSui.t abl, ly:?a enhance the thernal stabil

sué o be ANFABEY'S &b comiingtionof §t°%‘ﬁ¥¥ St a‘i*h'éa“t in an
pswembntamugmanﬂsm dnél adlRR comYncE ldcbdgﬂhhﬁg igenRRRA RS SBM W lymer,

| AR IPb LRl Y SRR YR o wi
notcghient halpeselof propenties, et ishdighyTdy high (12, ofd gobhe tampimeys.

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

blocking 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 0.01 to 3 percent by weight to the epoxy resin (a) (based on solids), more

preferably from 0.1 to 2 percent by weight, and more preferably from 0.2 to 1.5 percent by
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resin, Conponent (a), and the conbination of the
reactive groups of the hardener, Conponent (b), and

wo b@7oai7ad yst adj usvant, Conponent (d), is bet MeENSHN&048578
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and 2:1, preferably between 1.5:1 and 1:1.5, and nore

preferably between 1.2:1 and 1:1.2. The reactive

groups are defined by the groups capable of reacting

with the epoxy groups when exposed to the processing

conditions described in the present i nvention.

GEne aII flame ret

Copehi, ga s spbern e s S Ay SO B i BBRIERE g porion of

i ﬁmaazbﬁ:l cagBeedied bodepad fighms Bereplexes adthfimidmeoleewbickl an as latent
ag gm nat ed f] anme retar dants. Exanpl es of

bFEHH I & PRIt ar dant s i ncl ude hal ogenat ed epoxy

resins (espggieplidyiedth OthRRLRH oLBOYIesér Hvas Iso optionall
tetrabr Omgﬁspﬁ%%e Tlg& and ?tg derivatives, so optionally

Dc@taﬂm a sefgqnt wth tis, theR cemmnese of wﬁlcelﬁp%ﬁl@nawaaﬂ%ﬂ@ other
&l’ﬂilbo-ﬁgﬁs RwaChery @:@l re$iRRARY agedk, h’fc@éﬂcﬁﬁtﬁﬁcoﬂﬁ)@ﬁ&{ may optionally
VO

Thepeeaa %gr%%gawlfé&ﬁg%m&ﬁﬁg‘?ﬁrﬂwg Bbff) vt el*r{%fér%fy, the

PebNEBI BN HHNYY MNke OWeiEis ahE%sﬂb(D pem‘ienb envzen@orealna 90 percent
OByl SREEPE S B P Rt APy MIERS R preteraoly petyeen 00
p@éﬁ:&xy afd 7CB;$3r¢i:meHe Nomhmhmgcepamglesrca’sumabeaQO,lvehhénclude ketones,

CSE‘B lslaf | %ﬁ xggleeth r%a@n% h (Qrgp 'ﬁgal(d:%nrxtlﬂ@ ereof. Preferred

reo anp SUIt t1ona
f balpenty letladmntbmadquthyl ghgl l@p@egnqbyi igohuiyl @Wr cyclohexanone,

prm%%ﬁéb&?rg@é?ne #@gﬁel{ee%@'ogﬂ%oﬁnémyl %eﬁﬂﬁ;‘pglcne %lycol monomethyl

reate futdre uni ties'

|ether Retater elbylens atyrohinepgraeting shes, ateﬂuhamﬂéﬂetopweéhaﬂol
Wog}o%noh Q&ﬁéﬂe"?}ﬁ%uﬁlnﬁﬁ{y%maﬁﬁhé do¥Fe AMingle Mavent Rﬂy Bd used, but

i onal he curabl e ep resin
oflsp ﬁ%l’a{?f“e?bﬁt‘ts iy GREPBHONERS oF AREGPRBBSIES, HoBT Flolvents forte
C PP 1edndsSand )éﬁl*nfgﬁigk:ﬁts Hx%&c@tohék ﬁ:ﬁluﬂﬁg)éyetdixesmﬁthylethyl ketone, and ether
conposi tion IarI fo s.and
| akPhols ggh a%ﬁ %thﬁl B li)at"ﬁ,t%qu}%ﬁt{) ){I)vg g#yfccélc flxe&hﬁlene glycol,
Ppedflehd ggcador &@fcfp@l‘eﬁaglgﬂﬂ Q:ﬁhyllehe glyooipaiotriediy! ghert ¢rel -methoxy-2-
esent

t Wé?pél??lb%g\{l%ox%spgct‘iveo ’ etates rei%%ed %oWegg £ tﬂg Uzﬁglést of the present

xXanpl'é onal
usefeation lncltldlaeilceqhgbsykqt@s:s,nva@qy;mmgqhyl[fqymarw (D‘I}@F)ugjécol ethers such

;gig ﬁ{&g@%ﬁ%lﬂ?&t)ﬁom?lﬁyl efide bﬂ%ﬁéﬂ%%fyéml thédonfitsi eth&t 4dang

orants ame retardan sol vent s;
t remhivplicus theweof. processing ai ds; fluorescent conpound;
such as tetraphenol ethane (TPE) or derivatives
t her eof ; UvAbhoitkitragios ofipeembodimentiofgh¢present invention, typical

components of the composition of the present invention include:

(a) an epoxy resin such as oligomeric and polymeric diglycidyl ether of
bisphenol A, oligomeric and polymeric diglycidyl ether of tetrabromobisphenol A,
oligomeric and polymeric diglycidyl ether of bisphenol A and tetrabromobisphenol A,
epoxydized phenol novolac, epoxydized bisphenol A novolac, oxazolidone-containing

epoxy resin, or a mixture thereof;
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addi tives. The epoxy resin conpositions of the present
i nvention may al so include other optional constituents
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retardants, for exanple antinony oxide,
oct abr onodi phenyl oxi de, decabronodi phenyl oxi de,
phosphori c acid andot her such constituents as i s known
in the art including, but not limted to, dyes,

pi gments, surfactants, flow control agents,

| asticizerg, | e enbodlnent t he epoxy resin
(F:) onposi tion ynﬁ‘ﬁﬂ? Bafdeney suchas phenok ne¥olashisrhee! fyeqtolac,

t l‘b@dphﬁfoeﬁt @&atﬁ&ﬂS@s;ﬂm@ﬁkﬂUﬂMoﬂbﬁ& SrdigBinB¥o and polymeric

Pr ef erabk% ¢ ﬁ% Elng agent creates
pﬁgggxgg P%ﬁ@ﬂ‘ﬂ% or particles, which average
size is lower than 5 mcron, preferably |ower than 2
m cron, mor&) BrdrRgERBPRAINIgEAaHAHCIEBOMidolend even
nor e preferably | ower than 100 nm Preferably, the
t ougheni ng @ e patalyss adjubdng skchas prirhsllitie anhpdrifeand derivatives thereof;
aggept, nore preferably the toughening agent is a
tribl ock toughening agent, or the tougheni ng agent
consi sts of a
core- shel | &)g ﬁl c eéarg "E &Ig\?‘fe’ S(‘:'ﬁ Pﬁﬁ{{ %"4)‘#6\{'6?':6"& the;“f
copol yner cQ ul d have pal ystyrene, pal ybutadi ene, an
pol y( net hyl I?Féioﬂ‘z?B? g‘{ ég/ € OMPRBIHPRS Qf theRsesgtipyaaiipn may be mixed
meddeeer nl anl 6bdeﬂ I’Ri‘efﬂﬁﬁby( bxldfcyrhp@ﬁlwfﬂ oﬂtf%)pré‘selgﬂﬁf&ﬁon can be produced
Pre er abl e _tougheni does no

o oF e i BaleSLAOR i i spoRe oSt ng seransomgositon
r edmpxtnsmgnhebhe'ﬁgh&ha]:&(ﬁpr Eigieethalfiry othd Gecofil cdtifoRition may also

) the cqpcentr ation of

ougﬁ é%?ﬂncérm ?a? lst\h cgta?xxgade uv6htlanc90 me ptar 6?tec]og1|pgmck/ All
b@thﬁe@mr@nﬁltamdy Izeoplpmlt inrthg amgroempoesiliiny ontmhwemy tE pagsent in the
16irR rH'nd s@rﬂgmq}{@% en@fﬁ&%ﬁﬂ?é%i&%q ek Hli)?ﬂd%g] tﬁe P&End
In the case of hig gé]anlna s, the use of a _
t GOYRSHiaRge Brpe arPa'Sﬁb alpgereentrining flame yasarteny gpereygesin
aempskit@ml on to copper. Bl ock copol ymers such as
styrenebut adi ene- nethyl nethacrylate (SBM polyner
are very supge
i thoutnogoi e ient agEatlfite bR) Ft SAHBRIEROr e presen
piRy§BkiQn; cag be ysgd o mekeepmppgjte raﬁ@rlaArall?)etPChmpttuakwell known in the

Esrﬂfﬁ@tbaéutzﬂ aﬁ@vﬁﬁm@gﬁoﬁﬂéulhﬁg %nkikﬁuﬁﬁmérréggttn%n TRE ré%m gmgosmons
yst adjuvant in an ﬁggxy-contalnln rni sh

E&PR PE%T:RSI”Vﬁ'EP"t Hisdn diririberagpipperdsicic apesain -psefug/ Hethe

I ﬂr@&aﬁ@ﬂ)ﬁéﬁm@tf& lﬂgm@mﬁélﬁ{ﬂlkag&ntlﬂfoﬁﬁ Gie%?bﬁ’ca%ﬁshEﬁamples include
har den am nates wth excel

bSF 3‘5‘8 %‘P'“?}F gf{‘ﬁc % "t“ﬁ%’ls"‘?% hi‘GRerFaamplEg Rclide mahiwg powders,
gomdmgﬂB@hmHQSmn$ﬂmﬁmﬂﬂhﬁﬁnﬁﬂhﬁdInent the epoxy resin
conposition may optionally contain

The epoxy resin compositions described herein may be found in various

forms. In particular, the various compositions described may be found in powder form, hot
melt, or alternatively in solution or dispersion. In those embodiments where the various
compositions are in solution or dispersion, the various components of the composition may
be dissolved or dispersed in the same solvent or may be separately dissolved in a solvent or
solvents suitable for that component, then the various solutions are combined and mixed. In

those embodiments wherein the compositions are partially cured or advanced, the
-18-



a fluorescent and a WV bl ocki ng conpound, such as
t etraphenol et hane. Preferably, the fluorescent

W@ UpoTETe | s t et raphenol ethane (TPE) or deri vVBET/USRN6/048578

Preferably, the UV bl ocki ng conmpound is TPE or
derivatives. |In another enbodi nent, the conposition of
the present invention may contain a cure inhibitor,
such as boric acid. In one enbodi ment, the anmount of
boric acid is preferably from0.01 to 3 percent by

t to the epoxy resin (a) (based on solids), nore
p r‘@%@?%iﬁ‘i"}? of thsrargsent ipygngonyaathefounsingeioyHer, formgolytiprform, or
preehied abh Yadib@ih Qbsrated 1.5 percent byweight. In this
enbodinment, it is particularly useful to maintain the

resence of '
re5ence, o S BRGSO AP 5 o
aPripatinge resintcapipd prtieler Theveroeesprpiers in¢lude. competinggegticle or a

I Q8bdirafeQPRPsH dpb@Preh c&hﬁosmo‘ﬁ%? Ble Hir&gﬁtqﬁv ﬂﬁoMor@ﬂo%ﬁ’lons of the

Optl onaII contaln a solvent wt he ot her conponent's
ofPTesgRt ‘EWE%‘?SWPY brrongcted Wh@p afticle bytany methefsperamtoghose skilled in

S unéwarasaxhuhsnee@myh édhﬁicfing fbthbdin A0 YowdeFtbh@ig, @&B@édﬁahg, die
tion be used in conbination with or

" oaphing a‘v%@gﬁfeéw YRt pricess. 2Bl GHCtinp iRl igh a byl containing
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c ohmmmlfoafubmnlnaf pr&”@xlr&tfkinboﬂlrﬁd'metlﬁféhlém& chrfiacldd WwigAsé c&@posxtlon in
pergent, Qhﬁ9 percent solids, gfer %
ey BB° SR SaliRBr wP Suen nptiorsr e ity
betmeiy 6@pres aremmmams Pepped bg e modebsst.thdaeseht iivdntibg)
exanpl es of suitable solvents include ketones,

aI cohol S V\mﬁeeﬂireseﬁi Mﬁéhho@ﬁlb@b@md@i DpRpres otﬁ(ﬂéd)%airnm%ating
tures. thereof.. Pre fﬁgred solvents inclu

oS men P e ERors B o fle BT et Sbbut | ket one,
cycl ohexanone, nethyl pyrrolidinone, propylene glyco
nononet hyl E@%@Psenfpmﬁ?%ﬂéo Bloyidet 2 metabenaterfoil ehtpiped by coating a

aGAtsil wah el ceRBoglion?hd maRBhEAtiogt her, methyl anyl
ket one, nethanol, isopropanol, tol uene, xylene

di met hyl fOf’ﬁﬁéBrgs%m(ll?M: Yion ﬁséngﬂag‘g@s z?ﬁl‘ny gwmnhgr?cegﬁtﬁ))?)emes |

but al so separate sol vents e use
c OR{3ERE By lamiptiag él?eraéavegzspmem@/crréhe ablee mpfakspaied $9ihs
and curing agents are ketones, including acetone,
met hyl et hy| Theetueable epaxydresin hempeﬂitmmmf ltle (Beseit imgentied 8ynenable to
etuhtﬁ'egna@x'bg BY J‘enﬂ&c@ﬁgﬂsl fo@%t&‘zﬁﬁ[ﬁe asg{:lmﬁl %glecugels){lﬁ? Emducts having
| ene propyl ene gl
|b9@d]eat rgqlﬁg,ch ﬁ@_d @q%r@;arqm% fethayihe earhgasitiop is sultable for the

I HR LRGN 6 1anRh ABARIRER hARd »&&%aﬁa%é@&%bﬁéﬁleé%?é /e §euable with

Preferred §Plvents for the catal yst of pr esent
respect to mechanical strength and electrical insulation at hi gh temperatures The epoxy

resin compositions of the present invention utilizing the curative of the present invention
may be impregnated upon a reinforcing material to make laminates, such as electrical
laminates. The reinforcing materials which may be coated with ﬂ;e compositions of the
present invention include any material which would be used by one skilled in the art in the
formation of composites, prepregs, laminates. Examples of appropriate substrates include
fiber-containing materials such as woven cloth, mesh, mat, fibers, and unwoven aramid
reinforcements such as those sold under the trademark THERMOUNT, available from

DuPont, Wilmington, Delaware. Preferably, such materials are made from glass, fiberglass,
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i nvention include al cohols, ketones, water,
di net hyl formam de (DMF), glycol ethers such as

w@eepprene gl ycol nononet hyl ether or ethyl eneP@l/ysmoe/048578
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nononet hyl ether, and conbi nati ons thereof. As an
illustration of one enbodi nent of the present

i nvention, typical conponents of the conposition of
the present invention include: (a) an epoxy resin such
as oligoneric and pol ynmeric diglycidyl et her of

(t)):q S he?%ls 3 gms %ﬂgfﬁrﬁh‘ﬁ%qur [rer b‘%&ﬂ@gﬁ%‘f: Slu ttl?uersuch as

diagthyd:tdﬁ)fbrcerhhﬁﬁ pOfyedhylsmh ﬁd&lgdp [ﬁneﬂyléhetere;?hthalamulie) polyester,
eno Q nol, noval ac,
B T e N A A T
e pakyn, gephitg, cammic orinkdtalr Brefdued ackerialy)indudelptazo bi fiberglass, in woven

hak uch as phenol novol ac, bi sphenol A novol ac,

ener
blng%H“‘:antetrabronoblsphenol A, nononeric and

ollgonerlc nd ri c_benzoxazi ne, a mxtu

t her eof ; ﬁww‘gﬁ&ﬁ ©8 Wengwrn%gn%affairwﬂmgtﬁ% Hith g varnish bath
i I’rl‘bndﬁrZ@rllgEthe éﬁBxy&eﬁrﬁtoﬁtlpﬁSihor&dﬂ tHy prdkens thebntRG dissdln@ dnidtintimately
angédrl e and der vag e and

fl "
P‘&%hﬂt %‘Oa‘ben{ ?r\f\emg(dxﬁ]ofs 50 VT,E% A‘Bé%cboaagg igtg:gfs?.\x)g%%ggdmons such
t m @efreinfbnangCmagpos dsxtated fwithhise eporp esintdooipssitdn. tTthereafter the

?e e nllfé/}}{ﬁg Ha?e@naﬂ%}{e S[Q?sem%g%htaﬁggtteg %[me @ a Y e%{iﬂg Eufficient to

1on O resen I n
c &ﬂ"sb thepplyduts éde\'byorptpemlamlwg the tﬁmpmtumbshtthamsm composition

L gm*f St SR if £hb i8R ST sition

conprisin e p enol 1 C ener El t her t Irst or

the second ’Phe or<t:1{1go pna{g'ale é)n?t‘grablﬁg\nperl Ire‘g’ﬁFrrce %me in gme bath of from 1

catal yst, a ca
r etc@ndl Em?:OOcsomndu mtbre ﬁdeferabtyrfmm ¢ oeqpod ent29 saeopd@end most preferably

PESREN Lechil b8 s ?c% egéﬂeHuS}—Q of 9Jc %thgs %F@%ra%@ from 0° C to 100°

present 1n the some
|Cr, srorecrrrigbl v fram 10°sC tCh@ﬁ Cmnﬂempsv\mefvretbhefr@edéh@ to 30° C. The

?Qé'mﬁﬁée tinQé']ofttHe wa&qlll&ﬁfo?cl%ﬁgrllzﬁ uhaile(ﬂgﬁéh fo(ﬂms%d?ﬁ Bg mmute to 15

[ ane retardant epoxy resin co osition. The curab
h &@iepjes mesTRraferRP YT B ynipws tonl Gp inytss. and mswrefpﬁb'y from 1 minute

PEES fiktutes.

The temperature of such zone is sufficient to cause any solvents remaining to
volatilize away yet not so high as to result in a complete curing of the components during
the residence time. Preferable temperatures of such zone are from 80° C to 250° C, more
preferably from 100° C to 225° C, and most preferably from 150° C to 210° C. Preferably
there is a means in the heated zone to remove the solvent, either by passing an inert gas
through the oven, or drawing a slight vacuum on the oven. In many embodiments the
coated materials are exposed to zones of increasing temperature. The first zones are
designed to cause the solvent to volatilize so it can be removed. The later zones are

designed to result in partial cure of the epoxy resin component (B-staging).

One or more sheets of prepreg are preferably processed into laminates

optionally with one or more sheets of electrically- conductive material such as copper. In
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i nvention can be used to nmake conposite materials by
techni ques well known in the industry such as by

w@moowsson, noul di ng, encapsul ati on or coati NBCT/TRE06/048578
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resin conpositions of the present invention, due to

their thermal properties, are especially useful in the
preparation of articles for high tenperature

conti nuous use applications. Exanples include

el ectrical |am nates and el ectrical encapsul ation.

O her exanpl es, i ncl ude nol di ng powder coati ngs,

s thhdinthes Pr°€6§§15‘§s‘?’1“'é’r et ?g‘aﬂg S PHYKE gthe ‘Fﬁ”éecbfﬁﬁ‘i‘gfc‘“g material are

I ®FduBhtGR BRRS: With e BT hB6k thesAbictive Ynal@ial. OLHRbaftét, the
various, forns. In particular, the vyarious §1ig"';t)osnlons

dég@?qt@éﬁnﬁﬁv epRosed R fdevaed ﬁEﬁRﬂ‘é‘}s apd fmpefriyresgufficieng fo cause the
a|eb@<ryﬁadiﬂ boduye Wiibréin kistregimorDidjstesyparts readt.to Fdhnta”m&nuous epoxy

S BRI PRR BRRP e b it g W DTk helR S ot may be cu
c anpasiked On‘folmgl afxestaliksd iltove phrosf ddsngpehmedmd thid¢knesss dl l‘mpressures
S o'ﬁééiecg%n bg arm e ro ? Sl ta'i (?dozpsn wﬁf?g'ovel% prslle tﬁ Pﬁ 851\6emF greferred

ven onen
sdlhg tanma@ttac esedambnrnéd rasndmrtho@uits of hntuhmed@mhrtsdnpnremb particular

V“Pé‘s‘ia%h Cﬁ ﬁ:%mgﬂeh'a?lg%esﬁ{ ecp %rgfe?rt:éi € lénraﬁges%hich ma t;/e used

advance Reconposi t1ons o present I nvention
barefbstyragn |190°6C pRsLRROT G oo prsfeiahblbeﬁveﬁmrl%fr ©prnd:328t Edangrmost

a pF@&LB]? Uét@/EenS}#@ﬁ t’rdfiﬁh 800d '@ﬁhereﬁgepx@g tifRHhre I‘e@&akﬂ!} %ﬁrﬂ) minutes
i nvention pr ovid for a rocess Bre paring a resin

c 6l Eymigptep.apd m"T‘h%‘ei?Ff’@b’ &im 29 %‘H&“qsﬁ% QHEUYSNt act i ng

an article or a substrate with an epoxy resin ' '
conposi t i oninghe embodimentetht piogese it d contin@uEPIsEssiwdnes tef reinforcing

t %&&P&%ﬁ&n Jex,etﬂé bR HRY o&@prfa W%ngi Wdthe éé%n@d’ {pafd £ad

met hod known to th se s |IIed in the

by
Exwmewnépreéﬁfé 3t ¥esy high temngratesfenshortiiimesd & m'éqr such high

C Q& peflure SHE AYMCIRDE LY 256H € nﬁ?@%x’ef’éﬁabl)r Aok cag Qtl(')"r@,aat times of 1
resin infusjon process, and contacting the article

wimiputg topk mingtsh aag f59TH G MiRWeLORIBEIEF oPHch NighsPRRdgTessing gllows for

e Mbﬁeﬂhehh&ll%ﬁérﬂéfﬁ)ré&ssﬁfgr&qﬂ@hﬁﬂk \th Elthtefodiments the preferred
onp si.tion iin.a varni anot her enbodi nent,

tﬁ@ PR3 gl P PBVP&"é‘sd?‘ T articles,

especial ly ﬁrepregs and | am nates, prepared by the

process of Inmemprabedimentsavasisble tpitubigstdasiaminate or final product

| @(yﬁ Pdsk Bite BhtSide B @Y PSS ThisRiep W&ﬁlgﬁ&i t3icoRglel)the curmg reaction.
T IBE B CH O P PHBECEH BOBH0] USRS n AP S g 07 agm 20
a nﬁﬁlitéd to Q0@ indxihtdso iThisqioktaiureattplyayt@gictfofned in a vacuum to remove any

components which may volatilize.

The laminate prepared utilizing the composition in accordance with the
present invention shows excellent balance of properties, that is a well-balanced combination
of superior glass transition temperature (Tg), decomposition temperature (Td), time to
delamination at 288°C (T288), adhesion to copper foil (copper peel strength), and flame
retardancy (flame retardancy ranking at least UL94),
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metal foil with the conposition of the present
i nvention. The present invention also provides a

wo 207023769 Wi t h enhanced properties obtai ned byPCT/US2006/048578
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| am nati ng the above prepreg and/ or the above

nmetal -coated foil. The curabl e epoxy resin conposition

of the present invention is anenable to inpregnation

of reinforcenents, for exanple, glass cloth, and cures

into products having both heat resistance and fl anme

ret ar dancy, that the co 03|t|on is suitable for

t he manuf a&‘ﬁ?@“‘&?‘e‘f BifPareet f5am i UFROIFAPE* Arefia IcPmpeNitignaf the

O brepén® PREAticASxhiBit enhiRtdd th& haBftbgeriidstwheh @6pditd tolaminates utilizing
mechani cal stren th an ‘%I ectrijcal ul ation at i)gh

t BHPEPPautiongfor 8% CH“‘&’B‘#R%%F%%‘RES Rtch @, for example
piekieresiwithenta aatalyst ad_jlll\Zihﬂ dn hﬁmmﬁ emabdivent)fantifu@es prepared utilizing
r éesclg b&t ang cz%%lyq ad%IIVth o?trtrlg esT: anﬁ]navtrelgtfon J})(?llblt Cahweél -balanced properties,
e kethtas lddarhmlaarm tiva¢, eslamidagon empkaruwe, agd gladsseranslhsn wehipertature (Tg).
may be coated with the conpositions of the present

i nventi on iTIﬁ'Tlgdgnﬂthalﬁ@tlﬁP tﬁhmexun'tealmymfﬂrandaescuﬁﬁ@ &}bnmetry at

g‘ﬁsglé |§;|1tee 19%%-9@ ﬁ:[élflgls g{ eﬁﬁlp‘;foggrcggtr grg%]rag)& ﬁ?f;ﬁlt Eea%% percem and even
S uta:sd prafeeablyl diat laabe 98 pcbedsm obmhtabmdhg:armteeswstahs pmpla:rbu aflizing
Wo Flzoo?eCaGCﬁegénrfltors I'k rp?izéc% lherem 'lsgorf: sﬁlﬁ eW?z%sI% pl‘alil tnoén tem?eigaturc of
THE:FﬁMﬁUhEttauv &181nabh$0$mmnnm§|@on¢nt cAg [sraien gsahe prepreg is exposed to
B t :
o e g Eh el Rrker QUE TR h ke C IR o floncing
c &ficragbeoigithe qyring emphesturet to vehigthtdse pespiegds ¢xposeds iThe ultimate, or
s H@.ﬁtnm AR r&Sn ﬂrt%cgntraﬂvﬂfcﬁ ESERRIY SomPele X RL LGB tion has
pol y( p- phenyl enet er epht hal am de) | yester,

pBFfSPtaé{"F‘éﬁdl %§%91W%etg nraactlon of thg:J ?esm has been achieved when no

pedmkprem:@ﬁ ¥k&RGRED ZeRel By aFRlMlial ss3RdizQhRtinfetry (DSC) upon
Ilc;%%styr carbon, graphite, ceramic or netal.

PPgating pb eﬁ"ﬁt"erl als include glass or fiberglass, in

woven cloth or mat form In one enbodi nent, the i

r ei nf or ci ngthedime tp dplaménagipmpiamingteqprepargd veipghs Borppgsition of the

C BFRED: HvBtlichRE nRRAYAE wiBSd MemUTRLBAridaPihaBized 118 hBAtRS 84t of 10°
invention dissalved and intimtely adm xed in a

s&/iEde 283 GI#8R) inrreasss by lpein B‘“’rce\"h arefgaily AQ PeyEcrRore

u aﬁwerramsaﬁtdeakt zm&r&uc Bvdnhiddre bReerditdy ﬁtfl éH'sCS ml%r]«fmt afid Mbstipeferably
te conposi tion. ere

© RS el B Pt S e mog WD omBired i BlagHes

heaheafdctaed etilddingintidayprraatadratosubdveorichivit 4 catat st Sdjutdne

solvents to evaporate, but bel ow the tenperature at

whi ch the rigadditié RAShina@, prepared from the compositions of the present
invention also show measurable improvement in the thermal properties of the
decomposition temperature (Td) at which 5 percent of the sample weight is lost upon
heating. In another embodiment the decomposition temperature Td of laminates of the
present invention is increased by at least 2°C, preferably at least 4°C, even more preferably

at least 8°C when compared to laminates manufactured utilizing imidazole accelerators.
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undergoes significant cure during the residence tine
in the heated zone. The reinforcing nmateri al

woe@7era y has a residence tinme in the bath oPCT/US2004/048578
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second to 300 seconds, nore preferably from1 second
to 120 seconds, and nost preferably from 1l second to
30 seconds. The tenperature of such bath is preferably
from0O Cto 100 C, nore preferably from10 Cto 40.C
and nost preferably from 15 C to 30 C. The residence
time of the cogted reinforci mat er | al n t he at ed
zone is froff "(ﬁﬁ iof g ephanced t ﬂ]l’i’i‘lﬂeg?s’ t "ﬁ? Propgrijes of the
f rnamndted pnpma forh thelDmPpb £itibaof tidilesdmshveptia, @llicﬂhkﬂs )Water
ure.o
2 GRS, et 5o P el o BB PG e gomparable
v o¥ittt thbiezad peioveayt fpstulatins solizinglknoas aceelerastsl t i n a
conpl ete curing of the conponents during the residence
time. Pref epaRl) @FBSHF s osﬁ.uﬁ.«hof&ﬁm&e@ﬁﬁnf/én@ieh 3@
Ctq 250 C, nore refergbl fg@; 100 C to C and
mESEINg B B arpi %}ﬁPTéect@'ihdhefﬂb'Oemgweqﬂewatmay% Preperties:

| Superlve giass transitiketchpatece (tmgrwlioecr &%Mﬁlytlfgfb Sffd°@erﬂ6ne preferably
ass n an | ner g ven 3
i 1 O-SRRaRy i ahert i LoAoh e R 356%, more

emncfehahlvﬁm& j40eC.coat mdrerm«tfeﬂablal’m A3 °EX pmeﬂdélmi&xﬁﬂ’ﬂ@ﬁat 288°C
r r t..zones ar

QTP S WD Bl o W pisb {3t IE RN S b prefemty > 15
benink adiesign t6r¢¢ep¢refoe(cozmwesela§remwes il @ Néwh, tpeeferalsiy >t 12iNYem, more
Pakdrirably SUedv/Oh), ifie FRR YN R e&mqgﬁaamg@aﬁéa%%ﬂ&) V1,

One or more sheets of prepreg are prefera processed ’
i refepblMAftas0bpt i onal Iy with one or nore sheets of
el ectrically- conductive material such as copper.
| nsuch furt Pleferqu)dbescshptg;uoométlxerprmnémee@mmﬁoan@roves the varnish
p [ terl

Bl o syl P G Rine G it B i
rrétl@PihalI tharTee pignilfit systems Hat domitgonteid spehra @mpositiexposed
to el evated pressures and tenperatures sufficient to
cEIAEAMPhBS epoxy resin to cure wherein the resin on
adj acent parts react to forma continuous epoxy resin

matrix bet weeRder &lprbiiBe & Btttk QhderdtehdiBLR tePrese A RhBon including
bei ng cur.ed the arts gﬁ%ﬂgﬁ cut __and stacked or fol ded

antP YRR e R P g Eerengs i efgred. The following

t lExaloples sre sa’trfemplroesmes/aus@cknmaambatsam yhotpedsentfifiv@ftidn; and are
psi Wi th m 10 psi to 800 psi. bein

oret ftndel S i3 pedlees ot i betrabie Ra PR e P aF o o pans
t laad parcentages inltenExaatpéss aredepegigls. upon the parti cul ar

Various terms, abbreviations and designations for raw materials used in the

following Examples are explained as follows:
EEW stands for epoxy equivalent weight (on solids).
HEW stands for phenolic hydroxyl equivalent weight (on solids).
Percent Br stands for bromine content (by weight, on solids).
Epoxy Resin Solution A is a solution of a blend of epoxy resins containing

oxazolidone-modified epoxy resin and a mixture of brominated and non-brominated epoxy
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residence tinme, pressure used, and resin used.
Preferred tenperatures which may be used are between

waeed7e7andd 250 C, nore preferably between 120 EUBDS2082048578
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C, and nost preferably between 170 C and 200 C. The
residence tinmes are preferably from10 mnutes to 120

m nutes, and nore preferably from20 mnutes to 90

m nutes. In one enbodi nent, the process is a

conti nuous process where the reinforcing material is
taken fromthe oven and appropriately arranged into

t FRSingEE Wee2Y hegseenaBoi= f #P PRiseR s8Gppecepy wlidein gpixpus §f acetone,

hipgwhigek ek e h&hasport times. In particul ar such
hi gh tenperatures are from 180 C to 250 C, nore

pref er abl y By Resip Solytion s is solytipaf gplend gf qpgryregigs qeptaining

%Mbﬂ&@nﬁbdﬁmwepaxmﬁu h@Ba Inm{ierasr BrotSatedun8 Romb@inated epoxy
eed pressi for the nore efficient

u gsjns Wo-n2§§fg peﬂi:e(%@g-s II?TS pgnaax?tp ceng Wllgﬁlélﬁ mixture of acetone,
e Moost ARS1I™S M@@WMM@IN@HMeﬂ{aﬁbmg material is a

I b t t
deai rabl o (B et PO REn g TR PROdh e 5 107,50
a pproatt salitsdn muiusunée»f MEK &el Ip@tB/SﬁsNOII.'IRMaA step is

desi gned ¢ 9pCOUReh Sobf B4 Dl A3 b of 5P B containing

cure is usua‘f orms
a ommbdcp@fm@uﬁm‘epﬁxmnﬂ @ndn mapttms of brop(idata aanenybro"ﬁhnased epoxy

PORfnsCEIEW S3RDp é\kﬁéﬁc P=RERT Q Id'{d pbrén %%H%‘]matlﬁleu?é@va%etone

any conponent $ Ize. am nat e

p &P WMLPQW@]%@\%%%@P@F% in accordance with

the presentgpqyy@@lih gsluﬁ&pms £36hfoh 80k blkal 8N5EmBhied and non-
properties, that is a well-balanced conbi nati on of

S Bfﬂé‘?‘l‘%?d ‘iﬂ%& eesing, FESY & 29t Heé‘i?ﬁ@?’af B Pé’e'(c?‘ﬁ) 80 percent solids in a
daaoRQTatdieHe snevr.ature (Td), tine to del am nation

at 288C (T si gn co ' eel
strength), Z%’fgdyﬁe%i °‘PB‘P’5 é?a”ni"gp ‘eP F’gﬁJB‘IeP‘ie f%&’&h’i‘? ns containing

I aRddongor@tmddifict epbksOrédin diea hmmnaaf B&nﬁﬂieﬁ@i&fnﬁ dorﬁ-bﬂﬂmﬁahﬁl epoxy
cur abl 0, res oSi ti

OB B LR T 2 AL B oo Bl R EL g acctone.

C DPMAIDL M| @i malbaps!, ud:mdnmnaﬂg prior art

conposi t i onﬁardér%? %Lﬁont@(?é h%ﬂ&fcq{ FHeH?: solutlon 50 percent solids

accel erat or’s, Zheh or lexanpl e i m qazo
cmE%NQ&JPMfﬁ{ﬁEWImlfﬁnot her enbodi ment, | amni nat es

prepared ut H&rh@def‘ﬁe&@@olﬁ@éﬁi yssat bramafeatpﬁémt hﬁ‘é&aﬂé\/ &Mition, 60
of the present .invention exhib a wel I'- bal anced

pPEEEN SPI¥ls In 3 irugof RAVRANREL BPM ?ﬂ?eace‘a&ff ERW 5t 128 rpercent Br =
t enpeertmr e, and glass transition tenperature (Tg).

Hardener Resin Solution I is a phenolic hardener solution, 50 percent solids
in a mixture of DOWANOL PMA and MEK, HEW = 107.
TMA stands for trimellitic anhydride.
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The Tg is maintained in C, neasured by differential
scanning calorinetry at a heating rate of 20 C mn, of

watooreawt9 90 percent, preferably of at | east 9BCT/US2006/048578

10

percent, and even nore preferably of at |east 98
percent of that for conparable systens prepared
utilizing imdazole accelerators. As utilized herein,
Tg refers to the glass transition tenperature of the
thernosettable resin conmposition in its current cure
state. As the prepreg is exposed to heat, the resin
under goes fIMAHKestansigfer timellitic anhpgridedarivativesf thedgildwipgfprmula:
a c%resondl ng increase in thg cuggng tenperature to

ch | &S5 BRpAed: ul tpmate, or

l' of the 6e3| nis &8¢ at which

essentl aI |y conplet€ chem cal reaction has been
achi eved. "Essenti aﬁjy conpl ete" reaction of t.hl re§ib51 p
has been achi eved when no further reacti%’ﬁ'%%{%?ﬁyearvﬁﬁse rom
oblsie Nilgsh Rika.di f f erential scanning calorinetry (DSC)
upon heat i g b kol E8bMoemIC b B0 ISk ATNRL | o Of
| am nat es prepare usi ng Phe conposi AR
pr esent |n\2ehvﬂ1bt@msafgr2fe1aélmlrleudambh a ther nmonechani cal
anal yzer atDéVd?\%l'.ﬁﬁI é@%ﬁ) enelgycgl eﬂl %P&B&ngm(rg gl%ggvallablc
increases b | east |pcent prefe era
pEpmeie Doy @%F%F@F@MW at |east 20 percent, even
nore pref ersiianbL PEESEs apRopRhE El%ol il @ﬂﬁ&tacetate, commercially
preferably at |east 100 percent relative to the
davaable fpmothePaye Chgreigal aMed to | aninates
manuf act ur quKtstAnugfong,ethma@aqk@n@ccel er at or s above
wi t hout a cat alg¥st adjuvant. |n additio

| ami nat es ﬂ}b@ ons standapd fasimet ?ﬂ%ﬂg PTSH rﬁfus?qf@ the Examples to
phﬁﬁ@f&certwepmpeﬁmsaie&@fan@w msasur abl e i nprovenent in

doecanmact

t he m{r'”fMe operties p@pwymeasur\a..puo. ti of

temp \2.3140 R mmattity STinhnge [O15a] Sanpt e

wel gt PC-"I‘.B/[-, 50?2.3.%%'@' h AREsiftonte {oF‘b'x‘éb o by Eéb'té‘d"&e Bht [l'esﬂn 'd&'ntent]

dec TP 555 3 FPET Al [UREinlthwBerdetOF Prabies [r&in fi

Pr e$ape-TMI¥SIIL 3. 08 | S 1NGEIRAR e;ﬁég dteriaR @siEpreglgel time]
preferably at |east 40, Neximidreihpd @harsedrb Yet@inide@asish stroke

8C when conpared to Iamm@glel.merranuf actured utilizing

i m JIPSITM-630e13-4 at or s|. Therma diebilighTdlo enhanced t her mal

properties, the non- theF‘ﬁ‘&dep’i“’éS%t?’ﬂ W&Fai’??é“gramp“m"‘:’m‘“;
| aminates—prepared rﬁXPﬂ@eﬂﬁml{!}Q E S~ 1

or es e'[ﬁf:w\gﬁeoﬁ‘ % %(E S u d Peegg u% ? ta‘lhcrc'ba? lzgnﬁnates ‘[coB%er Ree!

peel PErRIgEdT: 2 sl eTty Gﬁass%ﬁﬁt‘ndﬁ'iémpefh’tﬂ:‘e HaS SR FRH expansion
factor are conparabl e WyttRednBOa&nHicaPKhaWsis@INIA) [Coefficient of
forful ati ons utili zi ng FaMANE®6GRINECTED! S.

IPC-TM-650-2.4.24.1 Time to delamination (TMA Method) [T260, T288, T300]

IPC-TM-650-2.4.25C Glass transition temperature and cure factor by DSC [Tg]
Note: Tg was determined on films with a heating ramp of
10°C/min and on laminates with a heating ramp of
20°C/min; Experimental error is +/- 1°C

IPC-TM-650-2.5.5.9 Permittivity and loss tangent, parallel plate, 1 MHz to 1.3
GHz [Dk/Df measurements]
IPC-TM-650-2.6.16 Pressure vessel method for glass epoxy laminate integrity

[high pressure cooker test (HPCT)]
Note: Laminates coupons were conditioned in the pressure
vessel in a moisture-saturated atmosphere at 121°C for 2h
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Preferably the epoxy resin conpositions of the present
invention, after curing, give a cured | am nate product

wowdaoh/otri1ed f ol | owi ng excel | ent bal ance of propePtT/€52006/048578

10

15

20

superior glass transition tenperature (Tg > 1300C,
preferably Tg > 1500C, nore preferably Tg > 17000,
deconposition tenperature (Td > 3200C, preferably Td >
33CC, nore preferably Td > 3400C, even nore preferably
Td > 3500C), tine to delam nation at 288C (T288 > 1
mn, preferably >5 mn, nore preferably >

even nore &g @hggbqleyfo;ﬁkgc\mqg)m hﬁﬁﬁ;@sﬂla&a‘ ‘Pdmﬁﬁﬁsp@rl 70°C followed

mbo&,m%ge@s,g@e@ strength > 10 NNcm preferably > 12
cm nore preferably > 16 Ncnm, flanme retardancy

(}I ame re§ ardgg % Eankl ng at | east UL94 V-1
p Togeyres Preferably the. corrp03|t|on of

the present invention also inproves the varnis
processi ng Egomy egin "Fﬁ’éﬂl\fpg@%wywﬁqﬁﬂ@aﬁﬂ bé[lgifsp(ﬂémg the individual

agRNGRINE Akert, Anl E&Qﬁzfzﬁo&&ﬁ%%m&n@ma tsh\ﬁbld JoBands @f room

simfar SyStems that do nof contain suc
C SRR EUrE gt mp_:m\ypq-sohplogs | reRERfy el Breﬁ?rsql sﬁ %oagn% gleteg?xy resin

URGalaba E@le%zg’ﬁlaklwotﬁ (ERaiRt 73 Inmesh hﬁxhdnymgl inlglhoxggontal laboratory
repr esent at | ve advant ES t here

Ef(rﬁﬁfﬂ quen af 13 oflff%rﬁea m1 ees tp Sﬁpswte the g?ven% aéxg agalanCe th% reacting
f @b&x@leﬁlﬂng a\éeﬂﬁ’ﬁ ixaire td/aﬁxidnomsk)elh-isxage I’ﬁBiMIsatcﬁf werh grepared sing 1-8

t :
+ REPie s Bifelien o B Bk il Clrbul AL ARG hna
pardSSngi:{td ot foend agxasesL Preshae Preadilsts ta eentip) a {galipg resin content

Varl bbrevi ati ons and desi gnations for raw
ea?lyoa z%rdse n?n t he foI I ovm ng Exanpl es are expl ai ned

as follows:_E or n

sol i ds). E%ﬁ’gEV\ﬁg%ef’ biesin enorm %e% 5 %"l% %r%\%%/tg(lmo iRy ane
Wekgbinag@rinaedse gejvidePby demresBrt ll&teaMBprﬁ@nteb ﬂlvmanféthese systems
content (b ). Epoxy Resin Solution A

i STLUEEIAES é(d '?Pot”bg?‘%n%%?ggpoxy resins containing

oxazol | done rmdlfl ed epoxy resin and a m xture of
brexginprtied and non-brom nat ed epoxyresins, EEW- 291 ,
percent Br = 18.9 percent, 80 percent solids in a

ml ¥athish Gimppsigibo Raw DONANOLEsanpleVA an&Exampledibl| Example 1 C
Materials Comparative
Example

Epoxy Resin Solution A 279 ¢ 279%g 279¢
Hardener Resin Solution C 154 ¢ 144 ¢ 134¢g

TMA Og 045 g 0.89 ¢

2-MI1 [20 percent solids in 052g 045g 037g
DOWANOL PM]

MEK was added to the above varnish compositions to adjust the solids

content to 65 percent.

Films were prepared from the varnish compositions above and tested. The

results of testing the films were as follows:
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Epoxy Resin Solution Bis a solution of a blend of
epoxy resins containing oxazolidone-nodified epoxy

wo e®7aeel a m xture of brom nated and non- br oPETYEHEA6/048578

epoxy resins, EEW= 285, percent Br = 19.0 percent, 76
percent solids in a mxture of acetone, DOMNNOL(tmM

PM DOMNOL PMA and net hanol . Hardener Resin Sol ution

C is a phenolic hardener solution, HEW= 107, 50

percent solids in a mxture of MEK and DOMANOL PMNA.

Epoxy Resin Solution Dis a solution of a blend of

epoxy resins containing oxazolidone-nodified epoxy

r pPésiRaAUs @ m xture of br OnEih&i;ﬂéJls’t\nd BRinpE OB Na&k&Hple 1 C
epoxy resins, EEW= 303, pecedpiratBe =|18.2 percent, P7
percent solids in a m xtur eEgu‘m;a@etone, DOMNANCOL | PM
DOLMANCL _PMA_and net hanol noxVv ResintSolution ¥ is 3
S

ep

PE

pVaisgeldime(shl end of br of#3%at ed and|R¥hbr oni ndfzé%l
Si-As—EEW-=—274—p {mﬂ.* Br——= ? O -perceft
F%’érﬁg(s ids in a mxtur B acetong %\ d MEK I’Eﬁ xy
RERI I‘H‘@mbéﬂéén{' wl E)ss‘j&e?) 37 of —a b g of —epoxys
resins contal ning oxa dpne- nodi fi el epoxy resin and
a mxture of brom nat ed and non-brom nat ed epoxy
resins, t Br = 11 percent, 80 percent

solids i nE\%%fﬁ?‘ﬂ P@ Eg‘t%ﬁg‘plm HPle h§ showed improved
mettch@nGlabiligyoarday gneaglhgs traiéiti e RAipeRaisd \IOheSQ:lotﬂplaﬁﬂ td3hk $ilrl prepared

pen0|chardnerslut|on rcent sol.ids in. .
DESTRNC P30 ve Epe 7 gk Wi ol it sl E e fimes The higher
btlmmonmusmhqnh:é fFMA wat) alicdeenter ths tletrbdl s@abiliG0 per cent

s%! !'q& i%n a m xture of DOMANOL(tm) PMA and acetone,

H 8, percent Br 17.7 percent. Hardener Resin
Solution | is a phenolic har dener solution, 50 percent

JVhI(ﬁ%hl nfp élh&ﬁ’rﬁév? 'teri'dh’w' NOE—PMA—ad—VEK—HEW 107
e R T Qﬂ';léﬁgfe'zdﬁ %gez}@n}%xmegc
tfinmellitic anhydrlde deri amq?t e ["owi ng
fprmula: , comrercially avai xg Le

Epoxy Resin Solution B 293 g 293 g 293 g

Hardener Resin solution C 149 g 142 ¢ 13.5¢

TMA-C Og 06¢g 15¢g

2-MI [20 percent solids in 045¢ 037¢g 0.15¢g

DOWANOL PM]

MEK was added to the above vamish compositions to adjust the solids

content to 65 percent.
Films were prepared from the varnish compositions above and tested. The

results of testing the films were as follows:

Test Results
Example2 A |Example 2B | Example2 C
Comparative
Example

Varnish gel time (s) 203 296 259

Film Tg (°C) 172 172 158

Film Td @10 percent wt loss (°C) 320 325 342

-27 -



Shin N hon R ka. NDA stands for

5- nor bor nene- 2, 3-di car boxyl i ¢ anhydri de. 2-M stands

wo 0007873184 hyl i m dazol e. DOMNOLPM i s a propyl BeIEUS2006/048578
gl ycol methyl ether, commercially available from The
Dow Chem cal Conpany. DOMNOCL PMA is a propyl ene
gl ycol nethyl ether acetate, commercially avail able

10

15

from The Dow Chem cal Conpany. MEK stands for nethyl
et hyl ketone. The various standard test nethods and

procedures used in the Exanples to neasure certain
proper ti es Tedilmspepiredbien ExpwplsHbeand xample 3 ¢ shwed improved

Clifeinit sQ&hWe‘angmB&r@& to thg-ﬂlrﬁb&%r@@ﬁ@i&gﬁaﬁhk@%ﬁy 2 A,

90 m nutes l es - General Procedures

r yﬁllﬁal{/aarwpisq% deB\arﬁﬁil bamlmél i8¢ cThisrughsr g cpjrepfration |°€IF
t @ befdityd Hordlal @i, curing agent, and accel erator

catal yst conponents in suitable solvents at room

t Bg@egl@Bur e and m xi ng the sol utions. Prepregs were

prepared by coatlng t he epoxy reS|n varni sh on style

was,

[2908 o o908
b8 ee | | 147g
6—3@50(‘ for %
i IN NALS ,. &d to_con 08l
r[r‘éeﬁfsoé'dﬁ%ill to 43-4545p%rcent. %aQer al 030¢g
di &y r=ta 3 and ala

to verify t%Wﬁé\‘%“n%Mc‘éasl %ﬁ"eﬁ’s@e BPOXFi EHShh§PrpRpaitions to adjust

PR S6Ids coiatb 69 Perpdnesent ed here and these systens are

sunmari zed the foll ow_.n anpl.es. Exa e .l ME
ons added FMEHECTE BEREE AP B BRI e A feted.  The
t resulssaifitedeing the films were as follows:
Test Results Example3 A Example 3B | Example 3C
Comparative
Example
Varnish gel time (s) 246 327 276
Film Tg (°C) 181 179 181
Film Td @10 percent wt loss (°C) 331 339 340

The films prepared from B and C showed improved thermal stability when

compared to the film prepared from Comparative A, while maintaining similar glass

transition temperature.

Example 4
Varnish Composition Raw Materials | Example 4 A Example 4 B
Comparative
Example
Epoxy Resin Solution A 29939 g Og
Epoxy Resin Solution B Og 3081.0¢g
Hardener Resin Solution C 1897.6 g 15904 g
TMA Og 475¢g
2-M1 [20 percent solids in 79.1¢g 285¢g
DOWANOL PM]
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content to 65 percent

t her nal

. Films were prepared fromthe
var ni sh conpositions above and tested. The results of

wo emwiongged he filnms were as foll ows: The fil ns pPEpPEFBEA6/048578
from Exanpl e 1B and Exanple 1 C showed i nproved

stability and higher glass transition

tenperature when conpared to the filmprepared from

Conparative Exanple 1A, while al
time. The higher the concentration of TMA
Exanmpl e 2 MEK

simlar gel
was,

stability.

var ni shes di spl ayed

the better the thernal _ . .
was added tlgﬁ(hé’a%ti‘sijféi tPaFi5i TRVE 0RPYE EqreRpsItion tg fdiKst the solids

t hentanlté BSpaesmt.ent to 65 percent.

elalt

ni sh .

fromthe va.{.‘g“{airIH
S

results of

Films were prepared

ons aboye and tested. The
AP LS 50R5F 0 rRroanate 7628

p typp & gaissfolaphm vibichnfed sehéd fassea thrixghgla rdatés 6 lBIMRMCK prepreg. Prepreg

PRIHh n#

| DRy o
prepared from conpar

content to 65 percent

%’ c%alrol?et %gt%uln!i t4¥

wh
BeR

rve

igggricr:ees%ﬂé F)Nél}dgg’l off Itlllenf']ormulations
v avad idstensingd bplcamedringi the |psapragemitimme. mdlheishosith @k at fadction of the
CORGRAtSAL:lLQN ter the.thermpl .

< PRERR dePti) 16l i Sue o ol i sfoplndP w4 Rep fs e poter the
apwgessipgvindpv.conposi ti ons to adjust the solids
. Films were prepared fromthe
varni sh_conposi tions above and tested. The results of
t EXPRIg Sthe Compamtive@mple f ol | ows: The fil s prepared

f [ PiEp&Hied 6F Frepeh Préphkcd FBm RESH of RRAMBIE 4 d@omparitiVe Elample
chiopared to the filmprepared from Conparative A,
whBeldimmi nt ai ni ng si m8ar gl ass [t¥ansi ti pHt 42
t p P41 Gt e. Exanpl e |[AMEK was added to the above
vaMmigbmooelpasdositon t/d0adj ust tHelsol i ds|spntent t poB5
pe@dediC (Palke var ni shgs descri bed above i ph Exanple #
were used to I npregnate /628 type E-glrass crortn, wiich
me§ t@egfgassed through a lab treater to obtain a
EYPRG > “Pr epr eg
Properties of Prepeg prepared from Resin of Example 4 B
Gel time 154 106 94 42
@170°C (s)
Minimum melt viscosity 27 38 59 123
@140°C (Pa s)

The prepreg (Example 5 B) produced with the resin of Example 4 B showed
improved processing window when compared with the prepeg (Example 5 A) produced
with the resin of Comparative Example 4 A. Indeed for a given gel time, the minimum melt
viscosity was higher and the variation of minimum melt viscosity as a function of prepreg
gel time was smoother, as seen in Figure 1. Experimental data were best fitted with a Power
equation. The accuracy of the fits was good, with coefficients of determination R? > 0.95.

It is known in the industry than prepreg minimum melt viscosity measured at 140°C must be
kept between 30 Pa-s and 200 Pa-s, preferably between 50 Pa-s and 150 Pa-s, to ensure
optimal control of wetting and flow during pressing operation. The width of processing
window was defined between the viscosity limits, that is between 30 Pa-s and 200 Pa-s, and

preferably between 50 Pa-s and 150 Pa-s. The wider the processing window is, the more
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resin content was controlled around 44 percent. The
processi ng wi ndow of the fornul ati ons was determ ned

whgoocongey i ng the prepreg mnimum nmelt vi SCOSi PET/HS2086/048578

function of the prepreg gel tine. It is known in the
art that the snoother the transition is, the better
the processing wi ndow. Exanple 5 A - Conparative
Exanpl e Properties of Prepeg prepared from Resin of
Exanple 4 A - Conparative Exanple CGel tinme 80 57 54 42

@r0C (s imumnelt viscosity 10 2 1 32 97 @40C

(A5 Bl s FB B il of patsiing windey siEsompled B shows
widvix 400@ercest ificrefse ExemmintpatedBy it OMRShrit R ERYSHle 4 A.
rocesstrg—wndow-phen—conpared—pw-th-the prepeg

Exanpl e 5 A) prod ﬁé‘&peﬁa?‘ﬁﬁxﬁ@l’]‘e%‘f‘n damp ative
xanpl e 4 A | ndeedipfepreg progés¢img gel 1 i)PRoprdghRod¥hdgTum
melt viscosity was Qi.’%her and the varilation of m ni mum
melt viscosity as f function of prepread’B8Ystine was
grivot HePa-s @200@eis | B3 Figure 1. Experirangal data were

Hem 50 P4 ER 19h B Porer —ettat-eon—FHhggeecuracy—of the
H_I_LS.JABS gﬁg&gpp\z/{mst 13 i

M0

h'Coefficients of dePérmination R >
0.95. It is known in the industry than prepreg m ni num
Mexhmple $CBbdutiiSESTUNEh@t 1400C nust be kept between

30 Pa s and 200 Pa-s, preferably between 50 Pa-s and

150 Pa-s, t8 ens rﬁ %ﬁtimal control of wetting and

f1ow duri ng"PFEESPRFTYPUrsY o Rrodvtrd skpcking &plies of the above prepreg
pIPoEiessli in Exainpioizbatasente tlicar df Bahdee B5jf oppes ¢8I TNe construction

i ' 30 Pa d 200 Pa-s, d .
3 Gy BELVESECSR i 0 200 s v

prereedsi ng wi ndow is, the noreprocess friendly the

cpnposition The width of processing w ndow of Exanple
4| Braingadrapgeies 400 percent | Frameme6Awhen cdrfxamelt 68i t h
Cbnpar ati ve Exanple 4 A Exp@pipargtive Produdti on of
Lam nate Copper clad | anmi natB%m@¢ e produced stacking
8| plies of the above prepreg produced in Efanple 5
bpt ween 2 sheets of standar jLB3%te Espped f gillaminpkedPrepared
cbnstruction from prepreg of from prepreg of
Example SA Example 5B
Comparative
Example
Tg (DSC, mid point, 20°C/min), °C 176 178
CTE <Tg / >Tg (TMA), ppm/K 91/299 91 /250
Average CTE (50 — 260 °C), percent 34 34
T260 (TMA), min 34 > 60
T288 (TMA), min 5 12
Td (TGA, 5 percent wt loss, | 326 340
10°C/min), °C .
UL 94, rating V-0 V-0
Water uptake (High Pressure Cooker, | 0.38 percent 0.35 percent
2h, 121°C), wt percent
High Pressure Cooker 2h + 2 min dip | 100 percent 100 percent
@288°C, percent pass visual
Dk/Df @1 MHz 4.63/0.016 4.4270.012
Dk/Df @ 1MHz 4.22/0.012 4.16/0.011
Copper Peel Strength, 35um standard | 19.9 18.6
copper, N/cm?
Toughness (punching test)* pass pass

* “pass” means no delamination after punching test (impact test)
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was pressed at 20 NNcnR at 1900C, for |1h30. The resin
content of the | am nates was 43 percent * "pass" neans

wmeoodersaad nati on after punching test (inpact tecST/PI10e6/048578

10

15

20

| am nate described in Exanple 6 B showed an

out st andi ng bal ance of properties, that is superior
thermal stability, Tg, flanme retardancy, humdity

resi stance, adhesion to copper, and toughness. The
conbi nation of high Tg, high Td, high copper pee
strength, and high toughness is especially not ewort hy.
When conpared to the Conparative Exanple 6 A Exanple

rGTHIBnt g: ﬁPLgy%ﬂam{r%{e%éfecglag ﬁmﬁﬁf&g’g qu\&eeé an ER'QH‘BT"Bg balance of

Mpkopeaiss, althtl &schu payiok h&rrailmabxliqaﬂm fdmecronrpiaacyt, homiditd resistance,
32?%.%\130 é@c%&%&%%rﬂlﬁtoﬁg%qgs%mrhe ccrm nf'Rl%xrl %? thgg 'el‘gxqaigp Jl“g, h?gh-l;:rc])le)per peel
i woenggn andchiglo@8glinggreis g$mssllscrhcm¢»mrthvh Wienwampirbe® the Comparative
i ot sheet

p@rxguln?lgglr'ﬁ[e ;ﬁl?ﬁe‘lglle% l%: ﬁs X’gdqlvﬁ% g'ﬂ%gﬁ%lgh%mtﬁ %vlhle n%amsf?mmg or
pW@BPé@gﬂﬁﬁrmh§ﬁUﬁwlly cured in a ventilated oven at
1700C for 1 hour and 30 m nutes. The sheet Exanple 8 B
pEapapled from Exanple 7 B showed i nproved therwm

hility when conpared to the sheet Exanple
- ¥pmisk EomporiticRpuMatirials Exafiptasnie PA while v aixntnshé'sB

anatiye mxamplei dh Tg of

hEpexyiResinSehusign Bheet  Fxanpl e B208K_was added [t18261ze
hHouderes Rasia folutimbsi tion to peR-ust the sol i dd 686 ent
nTHE percent . Exanple 10 Thel @arni shes descril2dbein
@0 eygentesalide dn DO WAPIQIghkS®e 7628 type gl|ds2s g
—which was then partly lcured in a lab oJven to
obt ai n predVEY wavadded thhiheprbepe ergmisbs¢ampositipei agaust the solids

430M&: 6668 perddnsheet of prepreg was then fuIIy cured in
a ventilated oven at

om-*m'-*p_'cm
~

Example 8

The varnishes described in Example 7 were used to impregnate 7628 type
glass cloth, which was then partly cured in a lab oven to obtain prepreg sheets. The prepreg
resin content was 43 percent. A sheet of prepreg was then fully cured in a ventilated oven at
170°C for I hour and 30 minutes.

Test Results Example 8 A Example 8 B
Comparative Example

Varnish gel time (s) 316 208

Sheet Tg (°C) 171 171

Sheet Td @5 percent wt loss (°C) 330 338

The sheet Example 8 B prepared from Example 7 B showed improved
thermal stability when compared to the sheet Example 8 A prepared from Comparative
Example 7 A, while varnishes displayed similar gel time and maintaining high Tg of the

fully cured sheet.
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1700C for 1 hour and 30 m nutes. The sheet Exanple 10
B prepared from Exanple 9 B showed i nproved t her nal

wa@t@biori7ey when conpared to the sheet Exanpl e BOT/BS2006/048578

10

15

prepared from Conparative Exanple 9 A while varni shes

di spl ayed simlar gel tinme and maintaining Tg of the

fully cured sheet. Exanple 11 MEK was added to the

above varni sh conposition to adjust the solids content

to 65 percent. Exanple 12 The varni shes described in

Exanple 11 were used to inpregnate 7628 type gl ass
clBémplevthi ch was then partly cured in a |l ab oven to

tain prepreg sheets. The prepreg resin content was

3 VemisheGrnmpoaitigh Raw Mytennlepr g¢Exampletdhen f ul | y| Exanagsle B
entilated oven at 1700C f grCohiparativaRhngfle nl nut es.
EpsrycRasinESolutiond 12 B pr epar|ddSgrom Exanple L1258

) SlaetdnenRekiniSoptiovBd t her nal [99a&ky | ity when compaged

oTM¥e sheet Exanple 12 A prepsgy ed from Conpalabigve

Exasyil R0lgkAentvdoiiieindDOWANONG I1sligni | ar var ni shes.ogel

tilk®d] Wiile the present i nvention has been descri bed

and il ust r ME&d way adddde e tieealiove parishC cdraposition to adjust the solids
ergg&ghtqgggﬁer dphose of ordinary skill in the art wll

appreci ate that the present invention lends itself to

vari ations not necessarily illustrated herein. For

this reason, then, reference should be nade solely to
tlllgé—a%lﬁjﬁéﬁded claims for purposes of determ' ning the

L, 20002 Bl %R SaE o EEPhARD WS Toh B Sl BPres e
c apsoelpthi whick wapthes pargy cred inat lath ewestto olnemeap@xqg shegs. MThe prepreg
(k?ésuﬁéon Gwhs t@'})%réafri‘tr g@%ﬁgr of%?[‘%yvgbs"t&% f@lwcu?ndema Ientqated oven at

ngoun cont ai ni ng enol roxyl I ona
or‘7 Qﬁ?ﬁb@ﬁ%@“@é@)m%ﬁsm generating a phenolic
hy§E@RE & UNCT T onal 1 Ty UPOIE{EaHd WA (C) & _(laﬁ!llp)él. 0B
afount of a nitrogen-conta @brgsargt%qux,%k gnd

~“Tn 9 MO

Varnish gel time (s) 295 263
Sheet Tg (°C) 154 153
Sheet Td @5 percent wt loss (°C) 332 338

The sheet Example 10 B prepared from Example 9 B showed improved
thermal stability when compared to the sheet Example 10 A prepared from Comparative
Example 9 A, while varishes displayed similar gel time and maintaining Tg of the fully

cured sheet.

Example 11

Varnish Composition Raw Materials Example 11 A Example 11 B
‘ Comparative Example

Epoxy Resin Solution E 125 g 125 g
Hardener Resin Solution H 778 g 732 ¢
TMA Og 21g
2-MI [20 percent solids in 12g 09g
DOWANOL PM]

MEK was added to the above varnish composition to adjust the solids

content to 65 percent.
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(d) a non-nitrogen containing catal yst adjuvant
conpound capabl e of reducing the concentration of the

WORGwOTEM cont ai ni ng catal yst; wherein at | easPCDN82006/048578

10

15

nore of the above conponents (a)-(d) is hal ogenated or
contai ns hal ogen; or if none of the above conponents
are hai ogenated wherein the resin conposition includes
(e) a hal ogenated or hal ogen-containing flane
retardant conpound; characterized in that the stroke
cure gel time of the resin conposition is maintained
from 90 seconds to 600 seconds when neasured at 1700C
and such that a resultant cured product fornmed by

e curable epoxy resin conposition contains

the foll o aggkﬁes kaéécﬁeg@ﬂ ma@@@rm IvRe used Jo itnplgnait 7628 type
greater than greater than 3

0C
(gassalom gtichfwag rtleeatpeftlthH@H "1& lﬁbr?ve't t@)0btain RIGRES f?’%‘}ﬁ“‘t ghe prepreg
? é ntQft w35 A3 h&kEent. hﬁ@hée@oﬁﬁr@ g @Hﬁthéﬁﬁull@ cle@h £ Yemritated oven at
ancy ranki ng at | east . The epoxy resin
cb?%@@ftll Rsyr giid 30 BIVHES: wher ei n t he epoxy resinis a
hal ogen- cont ai ni ng epoxy resin. 3. The epoxy resin

campasi tion of Claibm-2-wherein—he—hal-egep=con g
apsyRessls n is a bronin %ﬁ‘ 5@ X aﬁ{’lleagp%xy

rlesi n composition of d BPAffE é{ﬁmPﬁe

hlav srgeR gelaimeasNi Nng_epoxy| 298sin is diglyci d38 ether of

t |B¥HeabTMMabI sphenol _A. 5| 15Phe epoxy resin| #fhposition

off sHekard@’b pakvesnteitioss i) e resinis an 1358

oxazol | done- nodified epoxy resin 6. The epoxy resin
conpositio shge l %r ef)ﬁgd hadnf @38k l'esllaB showed much
conmpound w eno Xy functlonaF

Thevremks*\eml Smbdﬁnpﬂls}ntqom@a@ﬁ teJ e Fheet vﬁa@meleny% e prepared from
e:;)mgftr%gvéf ﬁxa%p@{: BNR! wiflle AspRERQmilY REnEASNCLIe.
sel eCte

romthe group conS|st|ng of bi sphenol s,
hal ogenat e dW'hﬁ@hﬁ peks&nt idvgationgas Bicadielririvprhandollssirated by reference to

tn EYQFO%@% g:r?bsc:dln n?ents Slogea(lf %¥Au?arxl$ slgil Ynct?xle §u't %’Qﬁj a&p?ét?zlt@@x&é O Eresent

invention lends itself to variations not necessarily illustrated herein. For this reason, then,

reference should be made solely to the appended claims for purposes of determining the true

scope of the present invention.
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8. The epoxy resin conposition of Claim6 wherein the
hardener is a brom nated phenolic resin. 9. The epoxy

wo e®07enposi ti on of Claim 1l wherein the har deeEUS2086/648578
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conpound capabl e of generating a hydroxyl

functionality upon heating. 10. The epoxy resin
conposition of Claim9 wherein the hardener is a
benzoxazi ne or a pol ybenzoxazine. 11. The epoxy resin
conposition of Claim1l wherein the catalyst is a

het erocyclic nitrogen conpound, an am ne, an anmoni um

c OMHAINS CIXIMED Ikt ure thereof. 12. The epoxy resin
conposition of Claim1l wherein the catalyst is an

i mi dazol e, & defirablt hajegeprontainingLopw), regin cemprsition cempyfising:
t ey &Qtast dud epdkiere§ROXY resin conposition of daim1l
mggrein t he ca a“yst adj uvant is a carboxylic acid, a

c APHBVSASE enediapdrase Whereigthehapdener j5 a comppquag Fontaining Fiphenolic
e i xyldendliofNNPesd domPoumf caﬁ&tﬁé 8f gen dg‘:% phefR@fcalyddkyl
aqtg%aq¥1ls trimelletric anhydride, a derivative of

t PPHREPTAEY FRONASYNSr i de or i xtures thereof. 15. The

eox y cawbiin amowpes i hitogenadonGlirdhgalalydienei N t he

R T i R —

t eprcghiratipolofl Sphétmgken-forvaining xdtalygs t hereof . 16. The

ERME ki ' Idd | L pel uding a :
SN, SRRSO 8 il O Mg pcomin

i tglogeft: AYif Aoraefdhe ablevdammonentBare Thiegamposl yheri the resin composition
C GRERRRS Eeh Q r}\alggengea loPhatdbe MBS fhg%ﬁqe%ﬁn%aﬁ&%?&%ﬁr cHaPacterized
boric acid. 19. The epoxy resin conposition o A m T
whiethas the strke gHis sk tirat ofitherepia compesitiarie seintained frome0 seconds to

C GOP QebhdsOheh neasledt 4t hadect gy hah eaﬁpfeg@ah@éu% ‘i‘ﬁ‘g% ed by
. an

resin &o the hardener nolar ratio i s between

1 Cpring the gurablp epqxy son GoawPHtieneRIGERS the,fellging)wellthalanced properties:
Brein tal\ Fataley 8ian aspogyant i s present in the

WhiBr e n |
aglggflg%qgggg%ﬁggﬂwgég%cgercent and 20 percent by

3) a T288 of greater than 1 min;
@ an adhesion to copper of gréater than 10 N/cm; and
&) a UL94 flame retardancy ranking at least V-1.

2. The epoxy resin composition of Claim 1 wherein the epoxy resin is a
halogen-containing epoxy resin.

3. The epoxy resin composition of Claim 2 wherein the halogen-containing
€poxy resin is a brominated epoxy resin.

4. The epoxy resin composition of Claim 2 wherein the halogen-containing
epoxy resin is diglycidyl ether of tetrabromobisphenol A.

5. The epoxy resin composition of Claim 1 wherein the epoxy resin is an
oxazolidone-modified epoxy resin.

6. The epoxy resin composition of Claim 1 wherein the hardener is a
compound with a phenolic hydroxy! functionality.

7. The epoxy resin composition of Claim 1 wherein the hardener is a phenol
or a phenol type compound, selected from the group consisting of bisphenols, halogenated
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2 1. The epoxy resin conposition of Claim1 wherein
the catal yst adjuvant is a liquid at 1800C wth a

wor®co%i7ty of |ess than 100 Pa-s. 22. The epoxRCT/@Si006/048578
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conposition of Claim1l wherein the catal yst adjuvant
has an evaporation rate at 1800C | ower than 10 wt
percent/mn.23. A fiber reinforced conposite article
conprising a matri x including an epoxy resin
conposition according to Caim1l1. 24. The fi ber

eg con‘posn&e article of Caim20, which is a
i %&0 ydreesgrigp Pighengls: nanclat eeins. me'yelkw@m glycgisand ggmbinations
eltwédﬂ cC circuit conrponent havi ng an insul ating

coating of th resin co on _accordin

& ot m . 26t A PR AEOHGR P Gotemin b prrdimer s
Cd:imﬂinstbmghemﬁﬁéteﬁg an artl cI e VVI th an epoxy resin
conposi tion 03G9

t
coated artidl e SP%XG{%%S"? ﬁoé"pé’ﬁ'&??/ of Q@f"ﬁ’] 3&%&8&“? hyfeneris a
2 tompoprdeppaile ef@eperatiigrgiydioay! fancouaity hpdirlieatingand ( b)
an epoxy r e?(b q‘hggﬁ&g's%&é go%p%glggn gf ?glm queﬁ""ﬂ]a g?{c?iencr 1S a

| ami nate conpri si Str
eeRapxpzing or aqwitbesdoramme. according to Claim1; and (b)

2l d’substr o e sESRRTFnRsBon bECR, PRSI R ERAR s o
t Hetesgpaicriregen gemprand BrRBTes azammpRiumf eompemEh br ofixure thereof.

woven gl assyj, qlP]E'eﬁoxyW &inﬂm&nh@n 8PGMMn | Shkfin the catalyst is an
CanOSltlonls | re nat ed on eV\DvengaSS?%?’

Om‘q&z‘ﬂﬁalﬂeé‘%ﬂatﬁ’lel" [ifazlss pip '(‘P’@B? offieneohf t he | ami nate
of C ai m 2813.3hd epdxyREsaE &nipobifibn B €RA% I NheRin 8BS bdlalyst adjuvant is

R R SRRSO Mg, 1O 8
32. The proteIhe epoxglrésimtompbsiibiesCRin I vheteiSdatadfsCadjiSvant is
ﬁé{lrleg%l?ell;%({ ?Ah&%ri%ﬁ%g%?vgti\%r o(%ctrlmgllect)rflc an aértge%% mvl\')t]tgrreg Ithre]:retcf ©

15. The epoxy resin composition of Claim 1 wherein the halogenated flame
retardant compound is tetrabromobisphenol A, a derivative of tetrabramobiephenol A or
mixtures thereof.

16. The epoxy resin composition of Claim I including a solvent.

1’7. The epoxy resin composition of Claim 1 including a cure inhibitor.

18. The epoxy resin composition of Claim 14 wherein the cure inhibitor is
boric acid.

19. The epoxy resin composition of Claim 1 wherein the amount of the
hardener present in the composition is such that the halogen-containing epoxy resin to the
hardener molar ratio is between 2:1.0 and 1.0:2.

20. The epoxy resin composition of Claim 1 wherein the catalyst adjuvant is
present in the composition between 0.01 percent and 20 percent by weight on total solids.

21. The epoxy resin composition of Claim 1 wherein the catalyst adjuvant is
a liquid at 180°C with a viscosity of less than 100 Pa-s.

22. The epoxy resin composition of Claim 1 wherein the catalyst adjuvant

has an evaporation rate at 180°C lower than 10 wt percent/min.
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34. The process of Caim31 wherein the epoxy resin
conposition further conprises one or nore solvent(s).

w@20070g6pr ocess of Claim3 1 wherein the epoxpCT/@SioN6/048578
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conposition is in powder, hot nelt, solution or

di spersion form 36. The process of Claim3 1 wherein
the contacting nethod is selected fromthe group

consi sting of powder coating, spray coating, die

coating, roll coating, resin infusion and contacting

the substrate with a bath conprising the epoxy resin .
conposi t i o334 fibyginfrerdeompeyite @ticlegomprisifg @mpgtiix inplading an
Safesy Fet@ﬁecoﬁ@fm&{)ﬁ&%ma%r@ggé Qra:irﬂh. sel ect ted fromthe group
consi sting of glass, fiberglass, quartz aper, .. . i

t her nopl ast4*cTheddieh ,re"éfﬂm%?gﬁé‘ﬁ’é?ﬁ‘&aﬂ%ﬁﬂ? gt ¢'éﬁ?\5%rvl‘ﬂéﬂ’e'ﬁi‘ laminate or
capipreg faaaRlcir®R cire@f.am ¢, netal and conbi nations
thereo%. 38. The Enocess 0

f aim3 1 wherein the
arti ol e i s 23 7 BEFEE S PRSP HE A PIAng G7ARE SEe epoxy
ares@icempaditi@elceating téd Caimthe group consi sting of
gl ass, fiberglass, art.z.. pape t hernoplastic resin,. .
2 unwoven 28t AR arerd Rrogfisng £hgated shudle KBMpiing chplingiefricle
ceithamegdxgnssirt doerpesitipn anedrdivgee €laimtlhendcleatisgrthe nopted article to cure
oﬁé%ﬂ%fé%ﬁkgﬁ%ﬂn- nprising the epoxy resin
conp53|t|on a optional ly one or nore solvent(s). 39.
The proces27of pBipsdanoB®rigiEr ei n t he substrate is gl ass
ofy f i eV @Ss:, Lsy the form of a woven cloth or a mat.
40. The process of Caim3 1 wherein the catalyst is
afb)i amicgaiesin spmpositionrgaediag to Gigakol es. 4 1. The
process of gl Alifhidack cWhfli@ig? the catal yst adjuvant is
a carboxylic acid; a carboxylic,an@ydride, r.a_
i tubstigte ippfuding pn eppsy repifCOFPRYEEALACGPrdBB e trfadm 4; and
WS I Elayer bhRie@pdispased orbdljldavtadnt sirfact bf $8d dubktiate.
anhydri de, gerivativ f trimellitic anhydride or .
mi Xt ur st A9t bas lamipate of i ol e SpSHTAR S GF eprres
t hinforgtraént of a a@jenvgns fabsicwherdiz det epoxyarsianoupdsitoh iQindregnated
per&PQ&ngI%% er cent by wei ght on total solids. 44.
TRRMS G RL &%y aim 31 wherein the catal yst adjuvant
is a liqui Boan ptiBGdCirwiit bragl WICBe ovilt 9f thé laanate efi{daimZ8.
Pa-s. 31. A process for preparing a resin coated article, the process comprising
contacting a substrate with an epoxy resin composition of Claim 1.
' 32. The process of Claim 31 wherein the substrate is a metal foil.

33. The process of Claim 32 wherein the metal foil is copper.

34. The process of Claim 31 wherein the epoxy resin composition further
comprises one or more solvent(s).

35. The process of Claim 31 wherein the epoxy resin composition is in
powder, hot melt, solution or dispersion form.

36. The process of Claim 31 wherein the contacting method is selected from
the group consisting of powder coating, spray coating, die coating, roll coating, resin

infusion and contacting the substrate with a bath comprising the epoxy resin composition.
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45. The process of Claim3 1 wherein the catalyst
adjuvant is a liquid at 1800C wth an evaporation rate

w@boor®3F6d han 5 wt percent/mn. 46. The procesBCDS2006/048578
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Caim3 1 wherein the epoxy resin is brom nated epoxy
resin. 47. The process of Caim3 1 wherein the epoxy
resin is an oxazolidonenodified epoxy resin. 48. The
process of Claim3 1 wherein the hardener is a pheno
or a phenol type conpound selected fromthe group
consi sting of bisphenols, hal ogenated blsggfnols

hydr ogenat &d- BhespipeasneiClaifbylovhereip the syastrais gomprigssiagpagerial

gkl RldSronithe GRIBICOMGIAR OF FIRR! BRkglast Quady, rpaﬁérrthmﬂig@@hc resin, an
article pF@gared by the process of aim3

p pré\mvg@ ara ﬁ@gcwethbﬁp&-ggge&mal%r?ﬁtg fnd cc?mbmahons thereof.

38. The process of Claim 31 wherein the article is a prepreg, wherein the
substrate comprises a material selected from the group consisting of glass, fiberglass, quartz,
paper, thermoplastic resin, an unwoven aramid reinforcement, carbon, graphite and
combinations thereof; and wherein the contacting occurs in a bath comprising the epoxy
resin composition and optionally one or more solvent(s).

39. The process of Claim 38 wherein the substrate is glass or fiberglass in the
form of a woven cloth or a mat.

40. The process of Claim 31 wherein the catalyst is an imidazole or a mixture
of imidazoles.

41. The process of Claim 31 wherein the catalyst adjuvant is a carboxylic
acid; a carboxylic anhydride, or a mixture of thereof.

42. The process of Claim 31 wherein the catalyst adjuvant is trimellitic
anhydride, a derivative of trimellitic anhydride or mixtures thereof.

43. The process of Claim 31 wherein the catalyst adjuvant is utilized in an
amount of 0.1 percent to 10 percent by weight on total solids.

44, The process of Claim 31 wherein the catalyst adjuvant is a liqqid at
180°C with a viscosity of less than 10 Pa-s.

45. The process of Claim 31 wherein the catalyst adjuvant is a liquid at
180°C with an evaporation rate of less than 5 wt percent/min.

46. The process of Claim 31 wherein the epoxy resin is brominated epoxy
resin.

47. The process of Claim 31 wherein the epoxy resin is an oxazolidone-
modified epoxy resin.

48. The process of Claim 31 wherein the hardener is a phenol or a phenol
type compound selected from the group consisting of bisphenols, halogenated bisphenols,
hydrogenated bisphenols, novolac resins, polyalkylene glycols and combinations thereof.

49. A resin coated article prepared by the process of Claim 31.

50. A prepreg prepared by the process of Claim 31.
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