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BACKGROUND OF THE INVENTION

Thermosettable materials useful in high-performance electrical applications, such
as high-performance circuit boards, must meet a set of demanding property requirements.
For example, such materials optimally have good high-temperature properties such as
high glass transition temperatures (e.g., above 200°C) and low water absorption at
elevated temperature (e.g., less than 0.5% water absorption). The components used in the
thermoset formulation materials must also exhibit stable solubility in organic solvents,
such as acetone, 2-butanone, or cyclqhexanone, as the preparation of electrical laminates
conventionally involves impregnation of a fiber (such as glass) web with a solution of the
thermosettable resin. The wetted fiber web is passed through a ventilated oven called a
treater to remove the solvent and partially cure (‘B-stage) the thermoset. The
impregnated web that emerges from the treater is called a prepreg. Typically, treater
conditions are chosen such that the glass transition temperature (Tg) of the B-staged resin

is above room temperature so that the prepreg is not sticky. Conversion of prepreg to



pressure to conplete the curing process ('Cstage'). During C staging, the
resin nust flow sufficiently to elimnate voids but not so nmuch that a
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conposi tion conpri sing,
been used as materials for electrical/electronic equipment, such as materials for electrical
laminates because of their superiority in heat resistance, chemical resistance, insulation
property, dimensional stability, adhesiveness and the like.

For a variety of applications, especially for components of electrical and
electronic devices, flame retardants must be added to the formulations to reduce the
chance of fire in the event of an electrical failure. Brominated flame retardants are most
commonly used, but there is an increasing demand for non-brominated compositions.
For some applications such as interconnect substrates (IC substrates), non-brominated
flame retardants have come to dominate the market.

With the advent of lead-free solder regulations, the temperaturé to which
electrical laminates are exposed has inéreased by about 20-40°C to 230-260°C.

Accordingly, there exists a need to achieve thermal stability in epoxy resins while still

maintaining toughness and processability.



consisting of, or consisting essentially of :a) an epoxy resin; b) a
hardener; and c) a stabilizer conprising a netal -containing conpound, said

netal-conkabgk%?%§?npound conprising a netal selected f%??%ﬁﬂawﬁhﬁﬁg 11-13
ains a

metal s and co ions thereof, and wherein said conpo on con
non- hal ogen flame retardant. BRI EF DESCRI PTION OF THE FIGURE Figure 1 is a
pl ot of zinc oxide |oading vs. glass transition tenperature (Tg) . DETAILED
DESCRI PTI ON OF THE | NVENTION I n an enbodi nent of the invention, there is
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DETAILED DESCRIPTION OF THE INVENTION

In an embodiment of thve invention, there is disclosed a composition comprising,
consisting of, or consisting essentially of: a) an epoxy resin; b) a hardener; and c) a
stabilizer comprising a metal-containing compound, the metal-containing compound
comprising a metal selected from the group consisting of Group 11-13 metals and
combinations thereof, wherein the composition also contains a non-halogen flame
retardgnt.

The epoxy resins used in embodiments disclosed herein can vary and include
conventional and commercially available epoxy resins, which can be used alone or in
combinations of two or more, including, for example, novolac resins and isocyanate
modified epoxy resins, among others. In choosing epoxy resins for compositions
disclosed herein, consideration should not only be given to propérties of the final product,
but also to viscosity and other properties that may influence the processing of the resin

composition. The composition of the present invention can also be modified by addition

of other thermosets and thermoplastics. Examples of other thermosets include but are not



conmpounds. Exanples of thernoplastics include poly(aryl ethers) such as
pol yphenyl ene oxi de, poly(ether sulfones), poly(ether imdes) and rel ated
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reactive oxirane groups, referred to herein as "epoxy groups” or "epoxy
functionality.” Epoxy resins useful in enbodinents disclosed herein can
i ncl ude nono-functional epoxy resins, nulti- or polyfunctional epoxy
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pol ymer or copol yner, for exanple). The epoxies may be pure conpounds, but
are general |y nihreneesresin cCOBpSIheRs beGRY BIP§ioh §PTY esip Werfdrin msYdngpoxy
groups per nolecule. In some enbodi ments, epoxy resins can also include
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anhydri des, organic acids, am no resins, phenolic resins, or with epoxy
groups (wheferreditostieydind} “époxy gupy” drifepagiftnationdlitg.” oSmixyy mésimgisefuhinan

enbodi ment, the epoxy resin is produced by contacting a glycidyl ether with

a bi sphenambeariwdlsclssed Rerdi, cah dicheianploefundtionphepogy rediney multi- or poly-
t et rabr onobi sphenol A to form oxazolidi none noieties. In general, the epoxy

resins can,Rgioghepbey tedingthnt @5MBmatisikehededfi PAvHohtrit @fd pslymefioepodyzed oil s,
and so forth. The glycidated resins are frequently the reaction product of

resins can be aliphatic, cycloaliphatic, aromatic, or heterocyclic epoxy resins. The

polyme;ic epoxies include linear polymers having terminal epoxy groups (a diglycidyl

ether of a polyoxyalkylene glycol, for example), polymer skeletal oxirané units

(polybutadiene polyepoxide, for example) and polymers having pendant epoxy groups

(such as a glycidyl methacrylate polymer or copolymer, for example). The epoxies may

be pure compounds, but are generally mixtures or compounds containing one, two or

more epoxy groups per molecule. In some embodiments, epoxy resins can also include

reactive —OH groups, which can react at higher temperatures with anhydrides, organic

acids, amino resins, phenolic resins, or with epoxy groups (when catalyzed) to result in

additional crosslinking. 1n an embodiment, the epoxy resin is produced by contacting a

glycidyl ether with a bisphenol compound, such as, for example, bisphenol A or

tetrabromobisphenol A to form oxazolidinone moieties.

In general, the epoxy resins can be glycidylated resins, cycloaliphatic resins,

epoxidized oils, and so forth. The glycidated resins are frequently the reaction product of

a glycidyl ether, such as epichlorohydrin, and a bisphenol compound such as bisphenol



a glycidyl ether, such as epichlorohydrin, and a bisphenol conmpound such as
bi sphenol A; C4 to C28 al kyl glycidyl ethers; C2 to C2 alkyl-and
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hydr oqui none epoxy resin, stilbene epoxy resin, and m xtures and
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bi s(p- (2, 3-epoxypropoxy) phenyl ) net hane), triglycidyl ether of neta- and/or
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include glycidyl ether type; glycidyl-ester type; alicyclic type; and heterocyclic type, etc.
Non-limiting examples of suitable epoxy resins can include cresol novolac epoxy resin,
phenolic novolac epoxy resin, biphenyl epoxy resin, hydroquinone epoxy resin, stilbene
epoxy resin, and mixtures and combinations thereof.

Suitable polyepoxy compounds can include triglycidyl p-aminophenol (4-(2,3-
epoxypropo;(y)-N,N—bis(2,3-epoxypropyl)aniline), diglydicylether of bisphenol F (2,2-
bis(p-(2,3-epoxypropoxy)phenyl)methane), triglycidyl ether of meta- and/or para-
aminophenol (3-(2,3-epoxypropoxy)N,N-bis(2,3-epoxypropyl)aniline), and tetraglycidy!
methylene dianiline (N,N,N',N'—tetra(2,3—eboxypropyl) 4,4'-diaminodiphenyl methane),
and mixtures of two or more polyepoxy compounds. A more exhaustive list of useful
epoxy resins found can be found in Lee, H. and Neville, K., Handbook of Epoxy Resins,
McGraw-Hill Book Company, 1982 reissue.

Other suitable epoxy resins include polyepoxy compounds based on aromatic

amines and epichlorohydrin, such as N,N'-diglycidyl-aniline; N,N'-dimethyl-N,N'-



QG her suitable epoxy resins include pol yepoxy conpounds based on aromatic
am nes and epichl orohydrin, such as N, N -diglycidyl-aniline;

N, N - di ma ByhidhNesdi 0l yci dyl - 4, 4' - di ani nodi phenyl et hgpe;
N,N,N ,N -tetraglycidyl-4,4'-diam nodi phenyl nethane; PCF/CN2009/000015

N-di gl yci dyl - 4- am nophenyl glycidyl ether; and N,N,N,N -tetraglycidyl-I, 3-
propyl ene bis-4-am nobenzoate. Epoxy resins can also include glycidyl
derivatives of one or nore of: aromatic diam nes, aromatic nonoprimary
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1,2, 6-hexanetriol, glycerol, and 2, 2-bjs(4-hydroxy cycl ohexyl)propane;
pol ygl yci dyepydariedrisd-amingbepaeate; Eparyresing fat 2leo poluge slypigxlAsr a'él%ﬁsé? , such
as, for exanple, oxalic acid, succinic acid, glutaric acid, terephthalic
aci d, 2, 6-amajpt ereslzamimatis Dioryndscara@aH; MQARPTHNaTE PMIEE AMIRANENS:aci d;

pol ygl yci dyl ethers of polyphenols, such as, for exanple, bisphenol A

bi sphenol polyhidde phcsiol; poiginyaixiy plvehyls,)pel yrarbexylic dcidsi s ( 4-

hydr oxyphenyl )i sobut ane, and 1, 5-di hydroxy napthal ene; nodified epoxy
resins with acrnydefil epsxy redisd inelnge, foi oakingte, palyigeidy lyeshrnef podwyrie esi ns;  and
novol ac resins. The epoxy conpounds can be cycl oaliphatic or alicyclic

epoxi des. JoxaPkesh Rletysk elcbn hadthepgydoles2-prph kae gigtapbiipgaanafiol,

cycl oal i phatic esters of dicarboxylic acids such as

bi s(3, 4-e [ Y, XA ; i
bi o(3. 4. eg%{g&%%ng @,y%l)&%é{ﬂ,ﬁngiZazia%lg{ﬁxgl?ydroxy cyclohexyl)propane; polyglycidyl
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dimerized linoleic acid; polyglycidy! ethers of polyphenols, such as, for example,
bisphenol A, bisphenol F, 1,1-bis(4-hydroxyphenyl)ethane, 1,1-bis(4-
hydroxyphenyl)isobutane, and 1,5-dihydroxy napthalene; modified epoxy resins with
acrylate or urethane moieties; glycidlyamine epoxy resins; and novolac resins.

The epoxy compounds can be cycloaliphatic or alicyclic epoxides. Examples of
cycloaliphatic epoxides include diepoxides of cycloaliphatic esters of dicarboxylic acids
such as bis(3,4-epoxycyclohexylmethyl)oxalate, bis(3,4-epoxycyclohexylmethyl)adipate,
bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate, bis(3,4-
epoxycyclohexylmethyl)pimelate; vinylcyclohexene diepoxide; limonene diepoxide;
dicyclopentadiene diepoxide; and the like. Other suitable diepoxides of cycloaliphatic
esters of dicarboxylic acids are described, for example, in U.S. Patent No. 2,750,395.

Other cycloaliphatic epoxides include 3,4-epoxycyclohexylmethyl-3,4-

epoxycyclohexane carboxylates such as 3,4-epoxycyclohexylmethyl-3,4-



esters of dicarboxylic acids are described, for exanple, in U S. Patent No.
2,750, 395. O her cycloaliphatic epoxides include
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car boxyl ate; 3, 4-epoxy-2-net hyl cycl ohexyl nmet hyl - 3, 4- epoxy- 2-

met hyl cycl gh I o 2 A 1. . 3.4- -1-
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i ncl ude those based on glycidyl ether nononers. Exapples are di- _or

pol ygl yci dipFthalcyelpaexgpe %g%%?;i%“ﬂ?éﬁér@e%ﬁ?&?'ﬂ%%‘ygg‘eﬁaﬁt4r%@x%r3po| yhydri c
phenol, such as a bi sphenol conpound wi th an excess of chlorohydrin such as
epi chl or ohydihiylsyclshrxanpedrhonydnis; 3. herovytSsmethrichielehaxa b Bretiyhdid-epoxy-5-

bi s(4- hydr oxyphenyl ) net hane (known as bi sphenol F),

2, 2- bi s( 4- ytdyloxyipheayd ypbopdatearddhelike. 83thbi siitakla G14-gRoxycyclohexylmethyl-
l,1,2,2-tetraki s(4'-hydroxy-phenyl)ethane or condensates of phenols with

f or mal dehysle-epbaicyelokexaht edrbedlatesces daciilebde fom@kamplasind L8 Patent plenol

novol acs and cresol novol acs. Exanples of this type of epoxy resin are
descri bed pgod)igs. Patent No. 3,018, 262. Qther exanples include di- or

pol ygl yci dyl ethers of pol yhydric al cohols such as 1, 4-butanediol, or
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glycidyl ether monomers. Examples are di- or polyglycidyl ethers of polyhydric phenols
obtained by reacting a polyhydric phenol, such as a bisphenol compound with an excess

_ of chlorohydrin such as epichlorohydrin. Such polyhydric phénols include resorcinol,
bis(4-hydroxyphenyl)methane (known as bisphenol F), 2,2-bis(4-hydroxyphenyl)propane
(known as bisphenol A), 1,1,2,2-tetrakis(4'-hydroxy-phenyl)ethane or condensates of
phenols with formaldehyde that are obtained under acid conditions such as phenol
novolacs and cresol novolacs. Examples of this type of epoxy resin aré described in U.S.
Patent No. 3,018,262. Other examples include di- or polyglycidyl ethers of polyhydric
alcohols such as 1,4-butanediol, or polyalkylene glycols such as polypropylene glycol
and di- or polyglycidyl ethers of cycloaliphatic polyols such as 2,2-bis(4-
hydroxycyclohexyl)propane. Other examples are monofunctional resins such as cresyl
glycidyl ether or butyl glycidyl ether.

Another class of epoxy compounds are polyglycidyl esters and poly(beta-

methylglycidyl) esters of polyvalent carboxylic acids such as phthalic acid, terephthalic



hydr oxycycl ohexyl ) propane. Qher exanples are nonofunctional resins such as
cresyl glycidyl ether or butyl glycidyl ether. Another class of epoxy

conmpoundsyghe kagl ycidyl esters and pol y(betanethyl gl yei s of
pol yval ent cagﬁgxy ic acids such as phthalic acid, tere%ﬁ?hanggﬁ&ﬁg

tetrahydrophthalic acid or hexahydrophthalic acid. A further class of epoxy
compounds are N-glycidyl derivatives of am nes, am des and heterocyclic
nitrogen bases such as N, N-diglycidyl aniline, N N-diglycidyl toluidine,
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i socyanurate,” N, -d glycidyl ethyl” urea, N/ N -
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met hyl met hacryl at e- et hyl acrylate-gl ci dyl net hacryl ate. Epoxy conpounds
tlhat are rdigafidyl-abdimehylbydantdinge &Né@ékywdéhé-'mr%!hydantom-

gl yci dyl net hacryl ate; diglycidyl ether of bisphenol A, D.E R (tm 331

(bi sphenol A | iSyili athespseyy-casiining aratrBlsRreeqpoigmasof qeailisl apid asjers eft her  of
bi sphenol A) avail able from The Dow Chem cal Conpany, M dland, M chigan;

vi nyl cycl aligeidsieuch oglytédyl & rlateapd glycidylndibacyylate twith on8 od mepoxycycl ohexane
car boxyl ate; 3, 4-epoxy- 6-

et hyl cycl @pexiterip@iidihy Rofrpopiasy Bxampleb i a)ch lcopdyaas acar:beyydnat e;
bi s( 3, 4- epoxy-6- net hyl cycl ohexyl met hyl ) adi pate; bis(2, 3-epoxycycl opentyl)

et her; aliphadjimedBeadrRdi héwd-methicrpatcgReRDLLSNEe d/L£61.5:2di1p8nt ene
di oxi de; epoxidi zed pol ybut adi ene;
methylmethacrylate-ethyl acrylate-glycidylmethacrylate.

Epoxy compounds that are readily available include octadecylene oxide;
glycidylmethacrylate; diglycidyl ether of bisphenol A; D.E.R.™ 331 (bisphenol A liquid
epoxy resin) and D.E.R.™ 332 (diglycidyl ether of bisphenol A) available from The Dow
Chemical Company, Midland, Michigan; vinylcyclohexene dioxide; 3,4~

_epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate; 3,4-epoxy-6-
methylcyclohexyl-methyl-3,4-epoxy-6-methylcyclohexane cafboxylate; bis(3,4-epoxy-6-
methylcyclohexylmethyl) adipate; bis(2,3-epoxycyclopentyl) ether; aliphatic epoxy
modified with polypropylene glycol; dipentene dioxide; epoxidized polybutadiene;
silicone resin containing epoxy functionality; polyglycidyl ether of phenolformaldehyde

- novolac (such as those available under the tradenames D.ENN.™ 431 and D.EN.™ 438

available from The Dow Chemical Company, Midland, Michigan); and resorcinol

diglycidyl ether. Although not specifically mentioned, other epoxy resins under the



silicone resin containing epoxy functionality; polyglycidyl ether of
phenol f or mal dehyde novol ac (such as those avail abl e under the tradenanes

D.E.N.(tmkpéﬁﬁmﬁ oD-E.N.(tm) 438 available from The Eryﬁgﬁgﬁh®%kmﬁ9npany,

M dl and, 1gan); and resorcinol diglycidyl ether. not

specifically nmentioned, other epoxy resins under thetradenane designations
DE R (tm and D.E.N. (tm available from The Dow Chem cal Conpany can al so
be used. In an enbodi ment, the epoxy resin can be produced by contacting a

gl yci dyl ether, \ ée@ieg%aé?snﬁrtﬁgww SAMH pUp M Mnaelenm(mrﬁggxmkﬁﬂawch as
yan or T me t he

tol uene diisoc at hyl ene dii socyanat e’ I'1 socyanat e of

net hyl ene ianiliqﬁ@. The gpoxy resin can al so be produced by contacting an
epoxy- r eactiUENY CARRISe B¢ Usant “with a pol yepoxi de. For exanple, an epoxy
novolac will react with a variety of. HPRR co unds, such as .phosphonat es,
phosphi nat es arBl 24FR W‘”ﬁﬁbg}ﬁﬁi’ﬂ%@es*ﬂ’@" E%B@”%%yﬁoﬂt@ﬁ‘%adgy ?'591 e?}geéct i on
of an epoxi di zed phenol novol ac or epoxidi zed cresol novolac with ' DOPO
(3, 4, 5, 6- dViHembisphenobeasPerRd aKHARRIYISORIHR Juch P8 IURE diisraygnal&s ¥t ul . Ot her

sui tabl e epoxy resins are disclosed in, for exanple, U'S. Patent Nos.

7, 163, 973, ‘methyEme gicyanapd fthe ggsocyarptrrofgsghylgnedignire), 6, 153, 719, and
5,405,688 and U. S. Patent Application Publication Nos. 20060293172 and
20050171237, eddhk epbxynesiolean alshbe prioguded by cporetingcniepery-reapiyverfiame ence.

M xtures of any of the above-listed epoxy resins may, of course, also be
used. A hatdsiaer wilosa pelyepaxideadentiyangde) abeppryodvdiad Wil reapr witint ivargety of
crosslinking of the curable conposition to forma thernoset conposition.
The har dengppRRre a&nﬁmug e6thi 3 Ghysptlomdtdsy pispligatas addiaryeptabpting. dhenore. | n

sonme enbodi nents, hardeners can include
epoxy resin derived from reaction of an epoxidized phenol novolac or epoxidized cresol
novolac with ‘DOPO’ (3,4,5,6-dibenzo-1,2-oxaphosphane-2-oxide) are especially useful.
-Other suitable epoxy resins are disclosed in, for example, U.S. Patent Nos.
7,163,973, 6,632,893, 6,242,083, 7,037,958, 6,572,971, 6,153,719, and 5,405,688 and
U.S. Patent Application Publication Nos. 20060293172 and 20050171237, each of which
is hereby incorporated herein by reference.
Mixtures of any of the above-listed epoxy resins may, of course, also be used.
A hardener (or curing agent) can be provided for promoting crosslinking of the curable
composition to form a thermoset composition. The hardeners can be used individually or
as a mixture of two or more. In some embodiments, hardeners can include
dicyandiamide (dicy) or phenolic curing agents such as novolacs, resoles, bisphenols.
Other hardeners can include advanced (oligomeric) epoxy resins, some of which are

disclosed above. Examples of advanced epoxy resin hardeners can include, for example,

epoxy resins prepared from bisphenol A diglycidyl ether (or the diglycidyl ether of



di cyandi am de (dicy) or phenolic curing agents such as novol acs, resol es,
bi sphenol s. O her hardeners can include advanced (oligoneric) epoxy resins,

some of WRLHGhi@f§esd SC! osed above. Exanpl es of advancedpgpR3%
har deners can |ncﬁ ude, for exanple, epoxy resins prepareg from guaspﬁenol A

diglycidyl ether (or the diglycidyl ether oftetrabronobisphenol A) and an
excess of bisphenol or (tetrabronobi sphenol). Anhydrides such as
pol y(styrene-co-nal ei c anhydride) can al so be used. Hardeners can al so

I ncl ude pfiegetgrxmgqu&%spﬂfg{dyan%gkég@Br BisheAPrbr ARG RobINAARN, anhydr i des,

and pol yam or’ exanpl e po y unctional am nes may | nclude aliphatic

am ne Conpgﬂgydzlldsucur(]:haa‘ssgcglyﬁy ne- c em%/ftlc%m) d(eP(Ealr:T al_éo(bternse(?o avai l'able from

The Dow Ch rpan riethyl'ene tetram ne

(D.E.H (tm) 24, available from The. d,

M chi gan), tet r A¥CRRALTE aﬂf@d'ﬂ qur%"?%yﬁ"%ef?'}ﬂ%% %’3& aa'lﬁjla%d\‘"gom The Dow
Chem cal Conpany, Mdland, M chjg nI) S add cts of the a ove

am nes w tWe@BB%S}h)fdé’gF%éndEﬁV%‘ﬁFss °(5FX‘HP 8’rp° REOP ARSI BGRY %ds
Aromatic am nes, such as netaphenyl ene di am ne and dj,am ne_di pheny

sul fone, atlinbhte 4eingepyesHndesichas isthydens iniring (i Hpi B8y axpilpRic g The

pol yet hyl ene pol yam ne, and aromatic pol yam nes, such as netaphenyl ene

di ami ne, dDawiGtemiapRempinys Miflend Mighigau ticpllansieieamene(Fithe, 26an al so be
used. The hardener can al so include a covalently bound flane retardant. For
exanpl e, palajipbiefrohsThe Ddw CheralcenCorppanyuMidlpih dpbloeas, ieoagploylerds are useful .
Anhydri de hardeners can include, for exanple, nadic nethyl anhydride,
hexahydr oppéniahihe (RBIHY.AY R6lewvailabilgrbrhiThe ©oantlyahical e onttmd gditands ucci ni ¢

anhydride, phthalic anhydride, methyl hexahydrophthalic anhydri de,

t et rahydr opfittigin), Gs RN%SEdARs of the above amines with epoxy resins, diluents, or other
amine-reactive compounds. Aromatic amines, such as metaphenylene diamine and
diamine diphenyl sulfone, aliphatic polyamines, such as amino ethyl piperazine and
polyethylene polyamine, and aromatic polyamines, such as metaphenylene diamine,
diamino diphenyl sulfone, and diethyltoluene diamine, can also be used.

The hardener can also include a covalently bound flame retardant. For example,
polyphenols with covalently bound phosphorus compounds are useful.

Anhydride hardeners can include, for example, nadic methyl anhydride,
hexahydrophthalic anhydride, trimellitic anhydride, dodecenyl succinic anhydride,
phthalic anhydride, methyl hexahydrophthalic anhydride, tetrahydrophthalic anhydride,
and methyl tetrahydrophthalic anhydride, among others.

| The hardener can include a phenol-derived or substituted phenol-derived novolac
or an anhydride. Non-limiting examples of suitable hardeners include phenol novolac

hardener, cresol novolac hardener, dicyclopentadiene bisphenol hardener, limonene type

hardener, anhydrides, and mixtures thereof.
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and methyl tetrahydrophthalic anhydride, anong others. The hardener can
i ncl ude a phenol -derived or substituted phenol -derived novolac or a

n
anhydrid -t i ng exanpl es of suitable hardeners i I
e‘“’?g{r?éd*&b gﬂ?}dﬂ@@gﬁggol

novol ac har r, cresol novol ac hardener, dicycl opentadiene

hardener, |inonene type hardener, anhydrides, and m xtures thereof.|ln sone
enbodi ments, the phenol novol ac hardener can contain a biphenyl or naphthyl
noi ety. The phenolic hydroxy groups can be attached to the bi phenyl or

napht hyl moiety of §h [ r : ; d, f
A L R SR U e Ty

a hardener containin bi phenyl . noi ety can ,be ti ng pheno
wi t Ih 3i s gétaﬁgsgyﬂﬂ%‘ﬁﬁgﬁﬁé’hgﬁ‘ﬁéﬁ?ﬂ"?‘y fgrn&('B% e rbeeaﬁ%éhgﬁﬁéﬂ}gsb?mﬁg ?gner s may
i ncl ude di cyandj am de,_. boron trifluoride oet hyl am ne d
dhgninocydPBW@XHﬁ%@UFHFHEﬁ@ﬂ§”Wﬁy @F@@ePﬁggﬂﬁng%%WH%SW¥§???H%FWP§a|ts, and
adducts. These epoxy hardeners_are typically solid at roomtenperature.
Exanpl es cfcerdingdpfhe m%@aziswb%wﬁ%/?géé‘ 8&?% ffrr sxaoRled? hardeae MRY . Ot her
hardeners include phenolic, benzoxazine, aromatic am nes, am do am nes,
al i phat i c ahipheay| maiskhyenibd @scpared dy persting Bhenphwith fismetissyimasitiene t he
hardeners may be pol yam des or an am no conpound having a nol ecul ar wei ght
up to 500 ghrengii no group, such as an aromatic amine or a guanidine
derivative. Exanples of am no curing agents include
4- chl or ophenyl -INotHdi erbddimentsiraedeaerd ndiy4ndidehlicropheamne, botontrailvesidhy| - ur ea.
Ot her exanpl es of hardeners useful in enbodi nents disclosed herein include:

monoethylamine, and diaminocyclohexane. Hardeners may also include imidazoles, their

salts, and adducts. These epoxy hardeners are typically solid at room temperature.

Examples of suitable imadazole hardeners are disclosed in EP906927A1. Other

hardeners include phenolic, benzoxazine, aromatic amines, amido amines, aliphatic

amines, anhydrides, and phenols.

In some embodiments, the hardeners imay be polyamides or an amino compound
having a molecular weight up to 500 per amino group, such as an aromatic amine or a
guanidine derivative. Examples of amino curing agents include 4-chlorophenyl-N,N-
dimethyl-urea and 3,4-dichlorophenyl-N,N-dimethyl-urea.

Other examples of hardeners useful in embodiments disclosed herein include:
3,3'- and 4,4'-diar;1inodiphenylsulfone; methylenedianiline; bis(4-amino-3,5-dimethyl-
phenyl)-1,4-diisopropylbenzene available as EPON 1062 from Hexion Chemical Co.; and
bis(4—émin0phenyl)-l,4-diisopr0pylbenzene available as EPON 1061 from Hexion
Chemical Co.

Thiol hardeners for epoxy compounds may also be used, and are described, for

example, in U.S. Patent No. 5,374,668. As used herein, "thiol" also includes polythiol or

11



3,3 - and 4, 4'-di am nodi phenyl sul fone; methyl enedi ani | i ne;
bi s(4-am no- 3, 5- di net hyl phenyl)- |, 4-diisopropyl benzene avail abl e as EPON

1062 fro em cal Co.; and

bi s(4- ammr‘{g%ﬁieoﬁg?@l , 4-di i sopropyl benzene avail abl e as ESBSNJZ_E)%}&OO 0rlcs)m

Hexi on Chem cal Co. Thiol hardeners for epoxy conpounds nmay al so be used,

and are described, for exanple, in U S Patent No. 5, 374,668. As used

Pﬁ{eln, “thiol" also includes polythiol orpolynercaptan curing agents.
ustratiy i i.necl | i N : g i thiol,

or opanedi ¢ clﬁ%rﬁn?n’cgﬂicq {:)Lﬁgl %ggrg?.t Hil?ugt?aftlvg thibls P FuRURPh AR HBIsanead

2- mer capt oet

hyl -2, 3-di t [ I .
2, 5 i mor CHBTER P ATa ST 4P R 2 srespiRsinghd g LSS o 2-
mer capt oacetate),_ 1,2-di t I t hyl her, .
bi s( 2- ner c%ﬁﬁ%‘%*&?‘f’@?{é&%‘ ?ew%%@f ﬁ]eb‘ir‘rgﬁﬁ%éat?e): ijlgg’tyf‘?PSélyﬁglcﬁlsa(tzé) ,
pentaerythritol tetra(nercaptopropionate), pentaerythritol
t et r a(t hi ogEsFaRIPEeetae), bEymerarirrrery! Mtk edet 95&‘5‘?@@‘9?‘?‘%@?%% ol propane

tris(beta-thiopropionate), tris-nercaptan derivative of tri-glycidyl ether
of pr opoxyfrianesylelpronares, trigiiiogly padsieh epreaiythiitl tea(ngreARLeRreRiPHopi onat e) ;
aromatic thiols such as di-, tri- or tetra-nercaptobenzene, bis-, tris- or

t et r aki s( npancapitiodtb kigir) (teoglgerdate)d ethpleseghycobdigtiegly¢olate.grimeHwthlprapase and
napht hal enedi t hi ol ; heterocyclic ring-containing thiols such as am no-
4, 6- di t hi ofris@¢ti-thiopeopionate),atik-meycadiab-ddiivaiive bf siyghytidylezhenef propoxylated

aryl oxy-4, 6-dithiol-syntriazine and |, 3, 5-tris(3-nercaptopropyl)

| socyanur agiRanel &Hdalip&oEPARIMES pdlabeaghidbropRaste); tavinaiierthiaptsactgasadip sri-aomd
containing sulfur atons in addition to the nercapto groups such as bis-,

tris- or tghha{BhiBRIRAL By dikooena@NRerchitsalkylibehene Adimercaptobiphenyl,
tetra( mer captoal kyl t hi o) al kane, bi s(nmercaptoal kyl) disulfide,

Eygr oxyal ky, U%H%({lfhgﬁghé %%Elﬁ%ﬁa@i%ﬂ?h&&%&ﬁ)ic ring-containing thiols such as amino-
ydr oxyal kyl'sul ti debi' s rcapt oacetate),
4,6-dithiol-sym-triazine, alkoxy-4,6-dithiol-sym-triazine, aryloxy-4,6-dithiol-sym-
triazine and 1,3,5-tris(3-mercaptopropyl) isocyanurate; thiol compounds having at least
two mercapto groups and containing sulfur atoms in addition to the mercapto groups such
as bis-, tris- or tetra(mercaptoalkylthio)benzene, bis-, tris- or
tetra(mercaptoalkylthio)alkane, bis(mercaptoalkyl) disulfide,
hydroxyalkylsulfidebis(mercaptopropionate), hydroxyalkylsulfidebis(mercaptoacetate),
mercaptoethyl ether bis(mercaptopropionate), 1,4-dithian-2,5-diolbis(mercaptoacetate),
thiodiglycolic acid bis(mercaptoalky! ester), thiodipropionic acid bis(2-mercaptoalkyl
ester), 4,4-thiobutyric acid bis(2-mercaptoalky! ester), 3,4-thiophenedithiol, bismuththiol
and 2,5-dimercapto-1,3,4-thiadiazol.
The hardener can also be a nucleophilic substance such as an amine, an epoxy-

reactive phosphorus compound (H-PRR’), a quaternary ammonium salt with a

nucleophilic anion, a quaternary phosphonium salt with a nucleophilic anion, an
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mer capt oet hyl et her bi s(mercaptopropi onate),
| , 4-di t hi an-2, 5-di ol bi s(nercapt oacetate), thiodiglycolic acid

bi s(merc ster), thiodipropionic acid bis(2-ne ster),
4, 4-t hi o%ﬁ?%?llo‘é%g??d bi s( 2- mer capt oal Kyl ester), 3,4-t h?’%ﬁé@@&@ﬁ"ﬂ% ,

bi snut ht hi ol and 2, 5-di nercapto-1, 3, 4-thiadi azol. The hardener can al so be
a nucl eophilic substance such as an am ne, an epoxyreactive phosphorus
conpound (HPRR ), a quaternary ammoniumsalt with a nucl eophilic anion, a

quat er nary; nhoSPhOR LUR, SALLiui i v@th@%&{%@@ml}: Eﬁo&%ggmerﬁﬁ}jy%g&ﬁ%%alt a

tertiary arseniumsalt"wth a nucleophilic anion, and a tértiary sul fonium
salt with a-t”“%hcﬁé’(?%in%cia%jo%”i on. Aliphatic polyamnes that are nodified by
adduction W ?ﬁ epo>Py resins, acrylonitrile, or nethacrylates may al so be

utilized as curjng agents..|n additi arious. Manni ch bases can be used.
Aromatic am neévﬁ@pngp&ymge%ﬁah@e ﬂpgihfg 5rag8'é‘3|§'1988‘f1 R FPoXY %g g’d to the
aromatic ring may al so be used. aternary.,amoniumsalfs with a.
nucl eophi I?%ﬂaﬁfrﬂﬁ Qi Ssthperyviaiesnig B%IFFe'r‘tﬂIZ%d EhB et %iagg'lt'(?g’evélmﬂgsr ein can
include tetraethyl ammonium chloride, tetrapropyl ammoni um acetate, hexyl
trimethyl Manmeh baseheantiedecd. phiompric amineg MhgieiiRFamInerarQYPIAFoirect b y |
triethyl amoni um azide, N, N-di nethyl pyrrolidiniumisocyanate,
Nnet hyl pyratiadiadi ta thepiiemaicatng may ateq based- chl or opyrri di ni um chl ori de, met hyl
viol ogen dichloride and the like. The suitability of the hardener for use
herein can be deta¢rnargecnppimefadiseyithe nuwlavphilit avionuesfulasadiafdenertinons or
routine experinentation. Manufacturer specifications can be used to
det er m ne drfibdditBergsidiscigsedGerin dan imdluderret ol amswniuh drlorddes teprsprapyli ne sol i d
at the :

ammonium acetate, hexy! trimethyl ammonium bromide, benzyl trimethyl ammonium

cyanide, cetyl triethyl ammonium azide, N,N-dimethylpyrrolidinium isocyanate, N-

methylpyrridinium phenolate, N-methyl-o-chloropyrridinium chloride, methyl viologen

dichloride and the like.

The suitability of the hardener for use herein can be determined by reference to

manufacturer specifications or routine experimentation. Manufacturer specifications can

be used to determine if the curing agent is an amorphous solid or a crystalline solid at the

desired temperatures for mixing with the liquid or solid epoxy. Alternatively, the solid

curing agent can be tested using differential scanning calorimetry (DSC) to determine the

amorphous or crystalline nature of the'solid curing agent and the suitability of the curing

agent for mixing with the resin composition in either liquid or solid form.

Mixtures of one or more of the above described epoxy hardeners (or curing
agents) can also be used.

Any suitable metal containing compound can be used as a stabilizer in

embodiments disclosed herein. Generally, the metal in the metal containing compound is
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desired tenperatures for mxing with the liquid or solid epoxy.
Alternatively, the solid curing agent can be tested using differenti al

scanni ng \&6' S dvBLshy (DSC) to deternine the anorphous O@de\ﬁﬁ(%l/doj)@g nat ur e
0 |cf or

of the s curing agent and the suitability of the curing agent

m xing with the resin conposition in either liquid or solid form M xtures
of one or nore of the above descri bed epoxy hardeners (or curing agents)
can al so be used. Any suitable nmetal containing conpound can be used as a

stabi | izer le@tegg}%%ggﬁpg%%u C%h?l&lﬂgg)?g}ég‘ﬁ{ gllrhf]}t lﬁlg\%g%f%é P’erio‘dﬂel"efg?etcﬁ"t é n the

metal contiiin und 1'sse € group consisting of Goup

11-13 metal,s of the Per.iodic Table.of the. El nts and., conmpi i.ons

t her eof . (’Ti[Tl')E‘?‘émﬁﬁTcg‘fcgnel?'ﬂ%floﬂﬁlg‘eﬁe(?tpylle,se g’ieg\l/selp ‘,%g%?"d’ P PIVET é%%}nﬁ’m nercury,
boron, alum num gallium indium and thallium | ddition.to Goup 11-13
metal's, | SREAMHR MTAUYaRPrAD-& ”Hé“rﬂs@g.'“"P’ﬁ“ Hme?ﬁg&g?lﬁﬁ'ﬁt f“ dﬁgloﬁé‘? al is zinc.
I n enbodi nents di scl osed herein, the netal containing co oung.can

gener al | y ®woup ! rd8anetalglead and fwican alsg be %@pd]é‘,aném?é’fiﬁ‘l‘e"&%%@,eta 1S 78|

acetyl acetonate, an organonetal lic conpound, and conbinations of any two or
mor e t her eof . |In emhodintsotsidiastasedihrseiai the mstal pettaininggompawnd qap gengselly

contai ni ng conpound is selected fromthe group consisting of a zinc salt,
zi nc hydr i atectalzdatica oxiatibydraxide aseatalyikilect matal acetyderetongigndrc zi nc conpound
and conbi nations of any two or nore thereof. In an enbodi nent, the netal
cont ai ni NG regaTRRN eaipdaad zind comlindgons lofia@ntwendyronirergrteoft eamet al

cont ai ni ng conpound is zinc dinethyldithiocarbamate (al so known as

"ziram ). MHJdBndHR vhekesNihe Ghetd) idBnd) eHenfeticohaRMiig/compound isxeleted é@dnt hat t he

met al - cont ai ni ng conmpound fornms a dative bond with a source of nucleophilic
nitrogen ife HBGp Qmﬁgtﬁifﬁ’@}nc salt, zinc hydroxide, zinc oxide, zinc acetylacetonate, an

organic zinc compound and combinations of any two or more thereof. In an embodiment,

the metal containing compound can be zinc oxide. In an embodiment, the metal

containing compound is zinc dimethyldithibcarbamate (also known as ‘ziram’).

While not wishing to be bound by theory, it is believed that the metal-containing
compound forms a dative bond with a source of nucleophilic nitrogen in the composition.
A dative bond (also known as a coordinate covalent bond) isa description of bonding
between two atoms (ie. a metal and a ligand) in which both electrons shared in the bond
come from the same atom.

Optionally, catalysts can be added to the compositions described above. Catalysts
can include, but are not limited to, imidazole compounds including compounds having
one imidazole ring per molecule, such as imidazole, 2-methylimidazole, 2-ethyl-4-
methylimidazole, 2-undecylimidazole, 2-heptadecylimidazole, 2-phenylimidazole, 2-
phenyl-4-methylimidazole, l-benzyl-2—r;1ethylimidazole, 2-ethylimidazole, 2-

isopropylimidazole, 2-phenyl-4-benzylimidazole, 1-cyanoethyl-2-methylimidazole, 1- .
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A dative bond (al so known as a coordinate coval ent bond) is a description
of bondi ng between two atons (ie. a netal and a ligand) in which both

el ect r onsy8hayy t he bond conme fromthe sane atom tal ysts
can be added to t(lhe conposi tions described above. Cat alosgrs car?y@%@?

but are not limted to, imdazole conpounds including conpounds having one
i m dazol e ring per molecule, such as imdazole, 2-nethylim dazole,
2-ethyl -4- methylimdazol e, 2-undecylim dazole, 2-heptadecyli m dazol e,

2- phenyl i m dﬂ ﬁiéﬁzz-«%h%/lmqﬁ@% hénﬂ%&lgyf bﬁn@%ﬂlfundecﬂﬁﬂ@ﬂol@ IU@}IahUéth}m dazol e,

2-ethylim sopropyl i m dazole, 2-phenyl-14- benzyl i m-dazol e,

| - cyanoet h 'sbzro[ﬁﬁﬁ }/ala Jim 1d§éﬂ+§hyl%-@¥eﬂ2f?ﬁidé¥+le22@Bmﬁlm thylim dazol e,

1- cyanoet h f9'Ri'a 2-1 sopropylim dazol e,

| -
maf%;??ﬁ: Qéﬁwﬁh@@@/l li-a‘g?ﬁéyl sstrtaﬂng ii!rllglammog [& Zethyl-4- methyllmldazolyl -(1)']-
2,4-diamno-6-[2' -e -4rreth i m dazo e,

2, 4- di ami n¥hw:- Tt?az'ﬂ?r 9'IaF‘h’?°d%i%1”§7fje f}“ %(aZBM&/]I) §th9/h¥&a[ %hy'?
2-nmethylimidazo- liumi socyanurl c acid adduct,

2- pheny| i nintigazetiummseexseyaneaid addyet, & rhgpyjipidazolium-isocyanuric acid adduct, 1-

am noet hyl - 2- et hyl i m dazol e, 2-phenyl -4, 5-di hydr oxynet h?ll i m dazol e,

2- phenyl - anmthylrz-@eﬂvam@ay@m%th -A&dihydroxymethylimidazole, 2-phenyl-4-

2- phenyl - 4-benzyl - 5- hydr oxynet hyl i m dazol e and the Iike; and conpounds

cont ai ni ngmathgk5-pdrexymetbidzoidezald, gshepdrd- -heizgk sthpdrakimattheinidatsiasnded by
dehydrati ng above- naned hydroxynet hyl - cont ai ni ng i m dazol e conpounds such
as 2- phenyihe 4ik&-a6itl bydpoutyisestathingi2adazadre jmmamkenygs-pér metdeyle-vBich are '
hydr oxynet hyl i m dazol e and 2- phenyl - 4- benzyl - 5- hydr oxy- net hyl i m dazol e; and
condensi NgoBthiRER Y (‘!éﬂyﬁx@ﬂﬁ@ﬁlﬂﬁ@éﬁdﬁed aydroxyretyl=dRtatiyi i ddXoke dozrpaihdd - 5-

nmet hyl i m dazole), and the lik
such as 2-phenyl—4,5-d|hydr0xymethyl|m1dazole, 2-phenyl-4-methyl-5-
hydroxymethylimidazole and 2-phenyl-4-benzyl-5-hydroxy-methylimidazole; and
condensing them with formaldehyde, e.g., 4,4'-methylene-bis-(2-ethyl-5-
methylimidazole), and the like.

In other embodiments, suitable catalysts can include amine cata.lysts such as N-
alkylmorpholines, N-alkylalkanolamines, N,N-dialkylcyclohexylamines, and alkylamines
where the alkyl groups are methyl, ethyl, propyl, butyl and isomeric forms thereof, and
heterocyclic amines.

.Non—amine catalysts can also be used. Organometallic compounds of bismuth,
lead, tin, titanium, iron, antimony, uranium, cadmium, cobalt, thorium, aiuminum,
mercury, zinc, nickel, cerium, molybdenum, vanadium, copper, manganese, and
zirconium, may be used. Illustrative examples include bismuth nitrate, lead 2-

ethylhexoate, lead benzoate, ferric chloride, antimony trichloride, stannous acetate,

stannous octoate, and stannous 2-ethylhexoate. Other catalysts that can be used are
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I'n other enbodinents, suitable catalysts can include anmine catalysts such
as Nal kyl nor phol i nes, N-al kyl al kanol am nes, N, N-di al kyl cycl ohexyl am nes,

and al kyl\@agi,bfs¥dsr e the alkyl groups are methyl, ethy I tyl and
i soneric ‘?orms t#e}r eof , and heterocyclic am nes. Non-am!l)ﬁgk(r:%@ab{qyg&tlg >c/an

al so be used. Organonetallic conpounds of bisnuth, lead, tin, titanium
iron, antinmony, uranium cadmum cobalt, thorium alumnum nercury, zinc,
ni ckel , cerium nolybdenum vanadi um copper, nanganese, and zirconium nay

be used. Illuystrative exa I NE i kdor : 5
et hyl hex oa‘b'@ctfoﬁegérb fres [@2%’5?3}1 ir;']i?‘!é1 Hg‘ﬁf"gr i e?éyé%%dioﬁ%;@ ht‘% ﬁ?ﬁf’if? e Y
stannous acetate, stannqus octoate, and stannous 2-ethyl hexoate. O her
cat al ysts EHCEINHENLED aredi scl osed in, for exanple, PCT Publication

No. WD 00/ 15690, which is incorporated by reference . in its entirety. |
some enbodi mentl8 sowgiemapdigments; iGRE satalys F?‘fb\"ﬁ&'ge Hﬁ%foggﬂF??ﬁn?"geSg;%gngs azd

phosphi nes, especially nitrogen heterocycles such as.al kyl im X
2- pheny! i pHogeivedseespeciahbt nganﬁeéréw@,s z&C-hr?é@H‘yfat?ﬁf’B‘gaZB?ééﬁt'&‘%"Iy'm dazol es:
2-nethyl -4-ethyl imdazole; other heterocycles such as di azabi cycl oundecene
(DBU), ~ di aisithizolec? oughyd iwjdapdsdneethy| isridazetes dmate)-nBhyHBIdarde PhSeri di ne;
trial kyl am nes such as triethylam ne, trinethylam ne, benzyl di nethyl am ne;

phosphi nesheetotychs steh gshiargbiphdepideeras (PBLY.olijzepispdpomiane,
triethyl phosphine; quaternary salts such as triethylamoni um chl ori de,

t et r aet hy| gyxameihyhebiraninelanorphélinaepipyridineyrialkytamines aitch as triethylamine,
tri phenyl phosphoni um acetate, and triphenyl phosphoni um i odi de. M xtures of
one or norgthidikinadhRuey1diakedyl BatheCptosphindssuctans @iphenylyhosshink,
tritolylphosphine, triethylphosphine; quaternary salts such as triethylammonium chloride,
tetracthylammonium chloride, tetraethylammonium acetate, triphenylphosphonium
acetate, _and triphenylphosphonium iodide.
Mixtures of one or more of the above described catalysts can also be used..
Another component, which can be added to the composition, is a solvent or a blend of
solvents. The solvent used in the epoxy resin composition can be miscible with the other
components in the resin composition. The solvent used can be selected from those
typically used in making electrical laminates. Examples of suitable solvents employed in
the present invention include, for example, ketones, ethers, acetates, aromatic
hydrocarbons, cyclohexanone, dimethylformamide, glycol ethers, and combinations
thereof.
Soivents for the catalyst and the inhibitor may include polar solvents. Lower
alcohols having from 1 to 20 carbon atoms, such as, for example, methanol, provide good

solubility and volatility for removal from the resin matrix when prepregs are formed.

Other useful solvents can include, for example, acetone, methyl ethyl ketone,
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Anot her conponent, which can be added to the conposition, is a solvent or a
bl end of solvents. The solvent used in the epoxy resin conposition can be

niscible,%gggg%h§wgther conponents in the resin conposi%kgnmn&@ﬁm&ﬂgvent
a

used can ected fromthose typically used in nmaking electric

| am nat es. Exanpl es of suitable solvents enployed in the present invention
i nclude, for exanple, ketones, ethers, acetates, aromatic hydrocarbons,
cycl ohexanone, dinethyl formam de, glycol ethers, and conbi nations thereof.

Do e RO ARG IR IDBANBE T B, R0l T ATIAE dRfe@Isd0] vent S-

Lower al co aving trom 0 carbdn atons,” suc exanpl e,
met hanol , provi de .goqd solubility and.volatility for.r val fr the resin
matrix vvheﬁ“l%ﬁ‘éjﬁr%'g?ag@m?%?’%&?%ﬁyar furﬁ%’gf B1pr(§>ép?/§'r?%’seﬁrgeﬁlei lccf)ﬁ%}g, f or
exanpl e, acetone, nethyl ethyl ketone, DOMNOL(tn) PMA, DOMWANOL(tmM) PM
N, - met hyl - 8lYg§f"€ol i done, di net hyl sul sul f oxi de, di nethyl for mani de,
tetrahydrofuran, 1, 2-propane diol, ethylene glycol and glycerine. The
total anount ofT@ﬁPV%ﬁF0W§@8ﬂﬂhﬂFHﬁﬁdbHﬁﬁ@ﬂﬁpﬂﬁoﬁéﬁ@ﬁﬁbﬁ9“$%§@€§’ Fom about
0.5 to about 95 wei ght percent in sone enbodinents. In other enbodi nents,
the total @ftuatoudd> velshbptrcanain soarepentiodimenss. tlp ogGr webegimeplerbeiial from 3
to 50 weight percent in other embodinents; and from5 to 40 wei ght percent
in yet ot hanhowbdshlvants rahgexfrom@so 66 weight percentyfeorof to A8 welighy perden o1 | bed
solvents can al so be used. The conposition also contains a non-hal ogen
flanme ret aslardmbodiméits; @nd adinnent40 wdightpereiitdh gerenhdrlearbodinens: ddimturasan be a
phosphor us-contai ni ng conpound. The phosphorus-cont ai ni ng conpound can
contain sopEorkeRRfiord/ 6f BE MR d8sitEiBedSolFenp @R Also e used.
The composition also contains a non-halogen flame retardant. In an embodiment,
the non-halogen flame retardant can be a phosphorus-containing compound. The
phosphorus-containing compound can contain some reactive groups such as a phenolic
group, an acid group, an amino group, an acid anhydride group, a phosphate group, or a
phosphinate group which can react with the epoxy resin or hardener of the composition.
The phosphorus-containing compound can contain on average one or more than
one functionality capable of reacting with epoxy groups. Such phosphorus-containing
compound generally contains on average 0.8 to 5 functionalities. In an embodiment, the
phosphorus-containing compound contains in the range of from 0.9 to 4 functionalities,
and in another embodiment, it contains in the range of 1 to 3 functionalities capable of
reacting with an epoxy resin.
The phosphorus-containing compound useful in the present invention include for
example one or more of the following compounds: P-H functional compounds such as

for example HCA, dimethylphosphite, diphenylphosphite, ethylphosphonic acid,

diethylphosphinic acid, methy! ethylphosphinic acid, phenyl phosphonic acid, vinyl
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group, an acid group, an am no group, an acid anhydride group, a phosphate
group, or a phosphinate group which can react with the epoxy resin or

har dener @ b6 78&9Posi tion. The phosphorus-contai ni ng ?engﬁagﬂﬁ@ﬁscontain

on average one or nore than one functionality capable of reacting wth
epoxy groups. Such phosphorus-contai ning conpound general ly contains on
average 0.8 to 5 functionalities. In an enbodi nent, the
phosphor us- cont ai ni ng conpound contains in the range of fromO0.9 to 4

functionalities,.and in a i1 ' ' | O fAnge of 1
tos tuncurrpri Rl plaRlp LG RaE I o ek AR line idd Bl
phosphor us- cont aj ni conpound useful. jn the esent i t . Lnchude for
exanpl e or"@’dfﬂxyﬁ%‘f“é{ﬂg?e"ty%(’fp&'qeo ] L'é%é%?@@?'erﬁ?)ﬂg?ndpf\ég %.b(?r'l%l © Lt:{l)lsgr%ounds
such as for exanple HCA, dinethyl phosphite, di.phenyl phosphjte .
ethylphosdﬁ@ﬁﬂdggEWHW“@F@ﬂH?Pﬁﬂ&?ﬁﬁ? @"ééWﬂ%”ﬁ%? WﬁﬂﬁﬁgfbﬁﬁgbﬁPﬁic aci d,
phenyl phosphoni ¢ acid, vinylphosphonic acid, phenolic (HCA-HQ;

tri s(4- hy kldxandrrenipe funsienshremapasefsigich gs &rexampladbiphenyl ) phenyl phosphi ne
oxi de, bis(2-hydroxyphenyl ) phenyl phosphi nate, tris(2-

hydr oxy- 5-amshépHepyidwhenyphesphiie.iod orikidess tharef. Slibsygritable «HM9BLdFREE such as

M aci d- AH, and am no functional conpounds such as for exanple bis(4-

anm nophenydeptritied lin BB 62846 % hemndinoorponateddytraferemo.. Ot her suit abl e conpounds
are described in EP1268665, herein incorporated by reference. In an

enbodi ment, a phasehboédihent apheyphongaconysuas esh bdlmes pRorspb@mtes izt aksbso
contain groups capable of reacting with the epoxy resin or the hardener

such as paloh@iy Slodyd caphtlebsreaétingaliyHRe 8ed:S ratih br thewaldemirlsyehsund tricyclic
phosphonates are useful. Exanples include but are not Iimted to the
various n%o?)';é-l?éi@ylqmersvcﬁ%offpﬂéno%th covalently-bound tricyclic phosphonates are
useful. Examples include but are not limited to the various materials derived from DOP
(9,10-dihydro-9-oxa-10-phosphaphenanthrene 10-oxide) such as DOP-hydroquinone (10-
(2',5'-dihydroxyphenyl)-9,10-dihydro-9-oxa-10-phosphaphenanthrene 1 0-oxide),
condensation products of DOP with glycidylether derivatives of novolacs, and inorganic
flame retardants such as aluminum trihydrate, aluminum hydroxide (Boehmite) and
aluminum phosphinite. If inorganic flame retardant fillers are used, silane treated grades
are preferred.
Mixtures of one or more of the above described flame retardancy enhancing
compounds may also be used.
The rzompositions disclosed herein can optionally include synergists, and
conventional additives and inert fillers. Synergists can include, for example, magnesium
hydroxide, zinc borate, and metallocenes), solvents (e.g., acetone, methyl ethyl ketone,

and DOWANOL™ PMA). Additives and inert fillers may include, for example, silica,

alumina, glass, talc, metal powders, titanium dioxide, wetting agents, pigments, coloring



(9, 10-di hydr o- 9- oxa- 10- phosphaphenant hr ene 10- oxi de) such as
DOP- hydr oqui none (10- (2',5'-di hydroxyphe hyl)-9, 10-di hydro-9-oxa-

10-phosph§ﬁ2§ﬂﬂ§%§%ene 10- oxi de), condensati on productspe}KQEﬁﬁmh

gl yci dyl et atives of novolacs, and inorganic flame retar gﬂ?s such
as alum numtrihydrate, alum num hydroxide (Boehm te) and al um num

phosphinite. If inorganic flanme retardant fillers are used, silane treated
grades are preferred. Mxtures of one or nore of the above described flane

ret ardancy enhangi,ng conpounds al so.be used. T i Fieons. .discl osed
et o1 1 ot EGT BT 5SF AR e PRIED Lr s B FBIBR L R S
inert fillers. Synergists can |ng¢lude, f.ar exanpl e, nesj um hydr oxi de,

zi nc boraﬁ@?“éﬁﬂgﬁ@%gyméééﬂg%)%d§BWV€ﬂg§ﬂ?@Pﬁ?ggégﬁpgﬁgfnﬁgPﬁ%fyethyl

ket one, and DOMNOL(tm PMA). Additives and inert fillers may include, for
exanpl e, sigeiegates sichas glass kyads golyiesafluorggthylens, pakyal wsing.iPolesEMRCHNdXi de,
wetting agents, pignents, coloringagents, nold rel ease agents, coupling
agents, i qiesdmvesiapegrmphitsy nylwiskenym disylfide] abgashiel pigmenys, Aifentity, redising

tacki fying agents. Additives and fillers can also include funmed silica,

aggr egat esagsigboas rgirgis smive ads|eapnd geetsy afd| stebilretshyhergothers] Fidlersrceri ns,

pol yester resins, phenolic resins, graphite, nolybdenum disulfide, abrasive
pi gnent s, in¢led0fhdtionkledtuoh fgnaaigestparticbareofillens thei ey havieagartivlecdizat i ng
agents, and stabilizers, anmong others. Fillers can include functional or

non- f unct i @fkahg PEh0l Tithad €0d inkdresSant dly indYyde) fot@xampiay dliraing ushydeaté,angi ng
from0.5 nmto 100 mcrons and may i nclude, for exanple, alum na

trihydrat ey, AhHfioRiHE DXt RGBSRy Mo iodRie9shdRand@b&). PMbdesd and
nano tubes). Fillers and nodifiers can be preheated to drive off noisture

prior to qg&ulﬁérg) Parl 1 ﬁr@l?ea?e@%‘)ﬂri(/@&if Fhoisture prior to addition to the epoxy resin
composition. Additionally, these optional additives can have an effect on the properties
of the composition, before and/or after curing, and should be taken into account when
formulating the composition and the desired reaction product. Silane treated fillers can
be used.

In other embodiments, compositions disclosed herein can include toughening
agents. Toughening agents function by forming a secondary phase within the polymer
matrix. This secondary phase is rubbery and hence is capable of crack growth arrestment,
providing improved impact toughness. Toughening agents can include polysulfones,
silicon-containing elastomeric polymers, polysiloxanes, and other rubber toughening
agents known in the art.

In some embodiments, minor amounts of higher molecular weight, relatively non-
volatile monoalcohols, polyols, and other epoxy- or isocyanato-reactive diluents may be
used, if desired, to serve as plasticizers in the curable and thermoset compositions

disclosed herein. For example, isocyanates, isocyanurates, cyanate esters, allyl
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conposi tion. Additionally, these optional additives can have an effect on
the properties of the conposition, before and/or after curing, and shoul d

be taken‘kagguﬁﬁg%gnt when formul ating the conposition §BQK%BQDQﬁ@h5ed

reaction product. Silane treated fillers can be used. |In other enbodi nents,
conposi tions disclosed herein can include tougheni ng agents. Tougheni ng
agents function by formng a secondary phase within the polynmer matri x.
Thi s secondary phase is rubbery and hence is capable of crack growth

arrest Mentcon BifNe foldule B! QXL RGN, Lf?&g{}gtg@gmgamgbgpg 98y RERHAY RAN

i ncl ude pd?&zﬂT?%nes, I T'i'con-cont al ni ng neric g

pol ysi | oxanes, and other rubher toughening.agents known .n.t art. In sone
enbodi nent%s?‘?fﬁsr?&e e&?P&EH‘E%“Sof %M ﬁa@?n%feég[b‘feg erWé)Pléﬁ ferepg 5CPU\%8I y non

vol ati | e nonoal cohal s, polyals, an t her _.epoxy- or .isocyanato-reactive

di | uents meyYRpENYIgBEPNES, POldé‘Efqnéﬁ,Pog'Sg‘g‘éP(V'é"%%’ %fyé(gqtyihﬂf”}e W% the curable
and t hernoset conpositions disclosed herein. For exanple, isocyanates,

i socyanur awdgthesinidapelyeteimgde, palyBangimndiazeleigy s SRENBY- Yid Wethare In

et hyl eni cal ly unsaturated conpounds, and acrylates may be used in sone
enbodi mentaher Exbapinzents, eronpasiigos diseosedderapmas else incé@% ghgsi pigfaoters

pol yphenyl sul f ones, pol ysul fones, pol yethersol uf ones, polyvinylidene
fluoride, spohyembdificdbgenospatepi¢fvaldizeddmethpalyly beimo),ricelylezetbratesaand | i cs,
phenoxy, and urethane. In other enbodi nents, conpositions disclosed herein
may al so isatfiuetmtasihgsiotaules.onot ers such as nodi fi ed organosil anes
(epoxi di zed, nethacryl, am no), acetylacetonates, and sul fur containing

mol ecul es. I n Vgl edih@enBoliathi¥EsdnSposRRAPOSLIbicdNRreth 641 inslade Wetiag ancan
i nclude wetting and
dispersing aids, for example, modified organosilanes, BYK W 900 series and BYK W
9010, and modified fluorocarbons. In still other embodiments, compositions disclosed
herein may include air release additives, for example, BYK A530, BYKAS525, BYK
A555, and BYK A 560. Embodiments disclosed herein may also include surface
modifiers (e.g., slip and gloss additives) and mold release agents (e.g., waxes), and other
functional additives or pre-reacted products to improve polymer properties.

Some embodiments may include other co-reactants that may be incorporated to
obtain specific properties of the curable and electrical laminate compositions disclosed
herein. Mixtures of co-reactants and/or one or more of the above described additives can
also be used.

In other embodiments, thermosetting compositions disclosed herein may include
fibrous reinfércement materials, such as continuous and/or chopped fibers. The fibrous
reinforcement material may include glass fibers, carbon fibers, or organic fibers such as

polyamide, polyimide, and polyester. The concentration of fibrous reinforcements used

in embodiments of the thermosetting compositions may be between about 1 percent to
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di spersing aids, for exanple, nodified organosilanes, BYK W900 series and
BYK W 9010, and nodified fluorocarbons. In still other enbodi nents,

conposi ti j sed herein may include air rel ease adgditd
exanpl e, ‘g@%‘)ﬁ’l&%‘gg‘%@s\(m&a BYK A555, and BYK A 560. enBEHloNEBnAs |

herein may al so include surface nodifiers (e.g., slip and gloss additives)
and nold rel ease agents (e.g., waxes), and other functional additives or
pre-reacted products to inprove polyner properties. Sonme enbodi ments nmay

1000, oL B Tl TR P IR Loyt

propertiesaé’f’t el'ectrica e conposli fions disclosed

herein. M xtures o o-reactants and/or qne. or re of th bo cri bed
addi tives ¢Bct §B‘§ B@pﬂgﬁﬂ. yl"‘f?'%‘f H'e(%{’eér?ﬂg’(?g%eﬁ‘fsgg e} ARSVEL (?P ehrée%t Ly
conpositions disclosed herein naé i ncl yde %@brous r£z§for%$neqh mat eri al s,
such as cobft pererty ether/estbog epibe BetPegtout Fhpereqnh At & PEFHY St C8THent

material may include glass fibers, carbon fibers, aor orgapic fibers such as
pol yani de, emplsidymeritgian éﬂM@9©399§F@F?ﬂ¢ﬁ%P%ﬁﬂEéh$F8ﬁWbﬁmg?‘??ﬂﬁous
reinforcenents used in enbodi nents of the thernosetting conposjtions may be
bet ween about lnptrec embodiowbsutong®sitientdiptlossy hexsingmey inshide ganiilierte t ot a

wei ght of the conposition; between about 5 percent and 90 percent by wei ght
in ot her exbedilleBnh®, inbleteerzaaboatgadio, qerctahd, and hagbe pethederm ¢fh ot her
enbodi nments; between about 20 percent and 70 percent in other enbodinents;

and bet weepowafr MheskBls, Alkds, plitqer Gigms. The neabfibdrheny eeigedtiratbrng fillenoot her
enbodi nents, conpositions disclosed herein may include nanofillers.

Nanof i | | er & fByatioR & GHlersinaPing ailefst ofE @afehsion Qengiitvalithi, 6r thitRAessfyorhe in the
form of powders, whiskers, fibers, plates or filns. The nanofillers my be
general |y Aot 6.1 td 850uPT100 nanometers. For example, for powders, the at least one dimension

may be characterized as the grain size; for whiskers and fibers, the at least one dimension

is the diameter; and for plates and films, the at least one dimension is the thickness.

Clays, for example, may be dispersed in an epoxy resin-based matrix, and the clays may

be broken down into very thin constituent layers when dispersed in the epoxy resin under

shear. Nanofillers may include clays, organo-clays, carbon nanotubes, nanowhiskers

(such as SiC), SiO,, elements, anions, or salts of one or more elements selected from the s,

p, d, and f groups of the periodic table, metals, metal oxides, and ceramics.

The concentration of any of the above described additives, when used in the

thermosetting compositions descr‘ibed herein, may be between about 1 percent and 95

percent, based on the total weight of the composition; between 2 percent and 90 percent

in other embodiments; between 5 percent and 80 percent in other embodiments; between

10 percent and 60 percent in other embodiments, and between 15 percent and 50 percent

in yet other embodiments.
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conbi nation of fillers having at |east one dinension (length, wdth, or
th;gkness) fromabout 0.1 to about 100 nanoneters. For exanple, for

powder s st one di mension may be characterize n size;
for MhlSQgp?OQ% ?ﬁbers the at | east gne di mension is ?ﬁ§ﬁ3&§@$?@?5 and
for plates and fil s, the at |east one dimension is the thickness. C ays,
for exanple, may be dispersed in an epoxy resin-based matrix, and the clays
may be broken down into very thin constituent |ayers when dispersed in the

epoxy resin undgp, pﬁgrs;og{m%ls'x%@%bé.leﬁ{sﬁn Emycgh%séluslﬁmgy @éﬁ%ndoih%ﬂou;ﬁ)h%/es

car bon nanot ubes, skers (such as " “el.ement's, ani ons, or

salts of one Org%ﬁr%sn lp%he dle c%ncf‘a?llan%hﬁg cglhgéglt(fmcoegr%g‘atﬂlg & II[‘%pgndc ugroups of

t he peri odf"@P% al's. OX] e concentration

of any of the above d dditi d h h
Cormo 1 SR B R B A R LIRS "

percent, based on the total wei ht of the c. ition; betme n ercent
and 90 per¥enge stapi b‘tyr?éﬁheecﬁﬁlfﬁf‘ﬂghf@s”mg‘% B% FUBRASItERg "8% ﬁé‘? ¢ent in

ot her enbodi nents; between 10 percent and 60 percent i n other enbadinents,
and bet V\Be‘ﬂﬁSQ@eﬁ@ﬁ@Qﬁlﬂn@aﬁdaEQC peadde produge XPé'E'S*E?tSh@“r aqdifd e B AP TREN,
proportions of components in the conposition may depend, in part, upon t he
propert i esa eesish eth alsv cohiretusmgragent, hardeneratand caialysisi t wnigh cadhen by o

ot her end-use product to be produced, the desired cure response of the
conp05|tiomwdaﬂmnﬂMEadeeﬂyedpswomagemsﬁmimnmoymnﬁmhheW@mﬂpoéhmﬁ@ﬁ (desired
shelf life). The conpositions in the abovedescri bed enbodi nents can be used

t o producejamiatdsstRtings| Corastdités, oastings aid sdpexesr esin, a varni sh can al so
contain curing agents, hardeners, and catal ysts. A varnish can then be used

teloe(F:): ??E;F a Vahisehy eRbodRAUCHE ebd’)@' rbdh R@y Bebrededt ih aivhrheht irothprr&geegs,
from 0.1 to 99 weight percent, based on a total weight of the composition. In other
embodiments, the epoxy resin may be present in the range from 5 to 90 weight percent,
based on the total weight of the composition; from 10 to 80 weight percent in other
embodiments; and from 10 to 50 weight percent in yet other embodiments. In other
embodiments, the epoxy resin can be used in an amount in the range from 10 to 40
weight percent of the composition; and from 20 to 30 weight percent in yet other
embodiments.

_The proportions of other components may also depend, in part, upon the

properties desired in the thermoset resins, electrical laminates, or coatings to be produced.
For example, variables to consider in selecting hardeners and amounts of hardeners may
include the epoxy composition (if a blend), the desired properties of the electrical
laminate compositien (Tg, Ta, flexibility, electrical properties, etc.), desired cure rates,

and the number of reactive groups per catalyst molecule, such as the number of active

hydrogens in an amine. In some embodiments, the amount of hardener used may vary
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| ami nates, coatings, conposites, castings and adhesives. In some
enbodi nents, the epoxy resin may be present in an anount in the range from

0.1to 9%N§QBHME&&grcent, based on a total weight of th%c?RﬁBQ@%ﬁ&ﬁ?- In

ot her enbodinents, the epoxy resin may be present in the range from5 to 90
wei ght percent, based on the total weight of the conposition; from10 to 80
wei ght percent in other enbodinents; and from 10 to 50 wei ght percent in

yet other enbodi ments. In other enbodi ments, the epoxy resin can be used in

an anount jin r i f Ltion; d

from 20 t o p 0GP Pl B Mhrdted Qb oy Aoh, BERERIE 1B e EmbQRERL 00 of "

ot her conpgnent,s nma | so de d, | t h | ired

Che-t her nogerHenet Aty Bsr St R RS AmopditRaid roM BB oS Bind paMEREBAtEl. (20 10
sel ect.i ng hardeners, and. a

exanpl e, variables to consider in un of
har dener s SPRYY FS3E% Bﬂé’etgﬁfé a ggﬁi’a@%ﬁd’ﬁyﬁe&%aﬂ MFanAUBHEFEIng Erg’”ﬂteozﬁor ed
properties of the electrical lamnate conpasition (Tg, ,Td, flexibility,
el ect ri cal Y0pagp ept husdredpags Froxy ey, &Y Weight 1p yetether gppbodimenisy hp ¥t ogfer
reactive groups per catalyst nolecule, such as the nunber of active
hydr ogens dmbodiments, e amaunsefhardepproaindapesd on pempansiis Othsr thaa thesRery used may
varyfromO0.1 to 150 parts per hundred parts epoxy resin, by weight. In
ot her enbadsinents, the hardener may be used in an anount ranging from5 to
95 parts per hundred parts epoxy resin, by weight; and the hardener nay be
used in an anountomasdbodimentethdrhosa r&inspfarrteal foen theabdvedespabads epoxy
resin, by weight, in yet other enbodi nents. In yet other enbodinents, the
amount of JgHpdEnels MBYhAeReMSs @insiiiRonpehtire b ficadubainusingeliffigentjal r esi n.

scanning calorimetry, of at least 190°C. In other embodiments, thermoset resins formed

from the above described curable compositions may have a glass transition temperature,

as measured using differential scanning calorimetry, of at least 200°C; at least 210°C in

other embodiments; at least 220°C in other embodiments; and at least 230°C in yet other

embodiments.

In some embodiments, thermoset resins formed from the above described

compositions may have a 5% decomposition temperature, T4, as measured using

thermogravimetric analyses (TGA), of at least 300°C. In other embodiments, thermoset

resins formed from the above described curable compositions may have a Ty as measured

using TGA, of at least 320°C; at least 330°C in other embodiments; at least 340°C in

other embodiments; and at least 350°C in yet other embodiments.. -

In other embodiments, the curable compositions can be substantially free of

particulates with im;ﬁroved homogeneity stability. For example, in some embodiments,

the curable compositions may remain clear and homogeneous for at least 28 days in some
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In some enbodi ments, thernoset resins forned fromthe above descri bed
conpositions may have a glass transition tenperature, as neasured using

di ff erentwalff@gibng calorimetry, of at [east 1900C. | pceidi@bosRishAgdi ments,
t hernoset resins fornmed fromthe above described curabl e conpositions nmay

have a glass transition tenperature, as measured using differential
scanning calorimetry, of at |east 2000C, at |east 2100C in other
enbodi ments; at |east 2200C in other enbodi nents; and at |east 23Q0C in yet

ot her enmbogiymRRhts, bl S8Rt SBRAiTBIRESemBodRAHRS 88 me&BdaDhy &pamdedtaiom t he
above described conpositions may have a- 5% deconposi.tion tenperature, T,

as measur eaglaf#giis ngné Q%fapg}gf &Yﬂbl%ggoisﬁ)f ﬁl@@,l%%gtr%iléd-rﬁ'ﬁ}\er fowat |east 3000C. In

ot her enbo nts, thernoset resins Torne om t he above descri bed curabl e

conposi t i ons. m? hnqe\:/gm d-ll- gr?ts,”%ﬁﬁq%i e(si c!ﬂﬂ; B QJrin tt é&ﬁ'ﬁﬁ sﬁ’ QQC; at
o HereD ing: e FoMast

| east 3300C in er “enpodi at l'eas er e Iments; and
at | east ﬁo Ci et other enbodi nents.. .ln otge e dinents, the curable
conposi ti ??Q?Sfﬁip?fgms &%8‘9‘8‘?1?%‘1?'Qewr{gégmms'tﬁ%i’\ay ﬁF%{P‘gg %\’/'viagﬁ YPdr oved
honogeneity stability, For exanple, . in sonme enbodi nents, the curable
conposi t i GHEDHEPOKEHEITFORIRSEF IO ﬂi?ﬁtbad%ﬂre%ﬁg‘r}g% gapatpridlgichas by, s i n
someenbodi nents, and at |east 35 days in other enbodi nents, as measured by
exper i mentigpregnatingsir soatiierthe subsiaatel Abieiniomsing anajsred Bsfory aniersee, 8d det ai | ed
further below In some embodi ments, conposites can be formed by curing the
conposi t i amsnglite@repsegiuriver piessurd tn forhie cletsisali Iminats, coopepdent es may be
formed by applying a curable epoxy resin conposition to a substrate or a
reinforcing matAfier ée, cospokitias hisybeemprodgeedt asuigsaibed ebeveny cembr disised at e or
reinforcing mterial to forma prepreg, and
on, in, or between the above described substrates, before, during, or after cure of an
electrical laminate composition. For example, a composite may be formed by coating a
substrate with a curable composition. Coating may be performed by various procedures,
including spray coating, curtain flow coating, coating with a roll coater or a gravure
coater, brush coating, and dipping or immersion coating.
In various embodiments, the substrate can be monolayer or multi-layer. For
example, the substrate may be a composite of two alloys, a multi-layered polymeric
article, and a metal-coated polymer, among others, for example. “In other various
- embodiments, one or more layers of the curable composition may be disposed on a
substrate. Other multi-layer composites, formed by various combinations of substrate
layers and electrical laminate composiltion layers are also envisaged herein.
In some embodiments, the heating of the composition can be localized, such as to

avoid overheating of a temperature-sensitive substrate, for example. In other

embodiments, the heating may include heating the substrate and the composition.
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curing the prepreg under pressure to formthe electrical |amnate
conposition. After the conposition has been produced, as described above,

it can beygisRASE&o0N, i N, or between the above descri bggp%@&?s,?@&ﬁg,

before, during, or after cure of an electrical |am nate conposition. For
exanple, a conposite may be formed by coating a substrate with a curable
conposition. Coating may be perfornmed by various procedures, including
spray coating, curtain flow coating, coating with a roll coater or a

gravure coater ’Clprﬁnt%& ﬁeo%gp%gitioﬁﬁ;ﬂscqj)s}gp ihQr%inoljha)i/ %HFJ&?% %31 %&?\}ri: BPat lézﬁt vari ous

. t
enbodi nents, theé substrate ‘can nonol ayer or t er. For exanple,

the substrate be a,co sihte of.two.alloys, .a,nultj- er olyneric
article, & 8“5%1{% i Eoczi?gf'tre%%p%’l f;a(/)h%er”,()d%%rr%nug%ﬁgrt% Po?r%rdegén?n% Ozl.dth?n ot her
vari ous enbodi nents, one or, nofe layers of the curabl e conposition nay be
di sposed ofPo%Y §‘i§ﬁ’sg?rgf’ré¢.r’ "&dl‘fétf‘{yﬁ'iuff%@ 'a&‘/‘é)FhC(ESWBB‘g’P‘FB@’, CUrIBE SRYOHYT ¥k i ous
conbi nati ons of substrate |layers and electrical |am nate conpositi obn | ayers
are al so eRPPEARERICTal At 007G, foppREIOdHBHETIETHUS 1o PRS- nB2{TRRFMGRISIpRY be
conposition can be localized, such as to avoid overheating of a

t enper at urused enwill.isueh pasbeataents ofdinardy heipg at tempergtuprsberyasB aboHE AP C t he
heating may i nclude heating the substrate and the conposition.Curing of the
conposi ti cmmd 280%¢| osed herein may require a tenperature of at |east about
30C, up to about 2500C, for periods of mnutes up to hours, depending on

t he epoxy resi nn sbiae dmbedimeangcueiat ahrybd staged topeedtentlerotberner Seagigrlifarent s,
curing can occur at a tenperature of at |east 1000C, for periods of mnutes
up to hourgamBes ticludedéuiritisr apYiod®f Uit afenyRtdture Soliwed dSteuting fitrment s

ordinarily being at tenperatures between about 1000C and 2500C.
period of time at a higher temperature. Staged curing may include two or more curing
stages, and may commence at temperatures below about 180°C in some embodiments,
and below about 150°C in other embodiments.

In some embodiments, curing temperatures can range from a lower limit of 30°C,
40°C, 50°C, 60°C, 70°C, 80°C, 90°C, 100°C, 110°C, 120°C, 130°C, 140°C, 150°C,
160°C, 170°C, or 180°C to an upper limit of 250°C, 240°C, 230°C, 220°C, 210°C, 200°C,
190°C, 180°C, 170°C, 160°C, where the range may be from any lower limit to any upper
limit.

The curable compositions disclosed herein may be useful in composites
containing high strength filaments or fibers such as carbon (graphite), glass, boron, and
the like. Composites can contain from about 30% to about 70%, in some embodiments,
and from 40% to 70% in' other embodiments, of these fibers based on the total volume of
the composite.

Fiber reinforced composites, for example, can be formed by hot melt prepregging.

The prepregging method is characterized by impregnating bands or fabrics of continuous
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I n some enbodi ments, curing can be staged to prevent exotherms. Staging,
for exanple, includes curing for a period of tine at a tenperature foll owed

by curingyh3hi7R&gsi 0d of time at a higher tenperature. pehR966056d189 MY

i nclude two or nore curing stages, and nmay conmmence at tenperatures bel ow
about 1800C in some enbodi ments, and bel ow about 1500C in ot her

enbodi ments. I n some enbodinents, curing tenperatures can range froma
lower limt of 300C, 400C, 500C, 600C, 700C, 800C, 900C, 1000C, 1100C,

25000, 2aotee Siter3ohee <aRgBongs g o L Bef MBI Goc, “wner e

the range may be from a | 0 Limt t j .
composi ?wlgé’raesmg B pan s Douee S P S At e d e g i gn
st rengt ilaments or fiber uch hi. ..gl
the 11 ke. | Compo@iieeBoESHTE BIARRCY B AT AU IOV e b B O P e

enbodi nents, and from 40% to 70% i n ot her enbodi m%nt s, of these fibers
based on t ¢rataipinathecompatitions disrdosed hereis; Far xampls fament Yrinding. syPlsi t es,
for exanple, can be fornmed by hot nelt prepregging. The prepregging nmethod
i s char act prepregingyand ppitegionaraiypiselpdecessing apitmiquss o1 Whishthefy&bis i ber with a
thernosetting conposi tion as described herein in nmolten formto yield a
prepreg, whingdositon Ingdycbeusedindoravedibass jprthe fow of bundipoesintbe coted Mk theand
epoxy resin. Qther processing techniques can be used to formelectrical
| ani nat e camAe témposhvAl RidMIG Hyhanenpdsding,and caied ¢d fusmch doetpesite.  For
exanpl e, filament w nding, solvent prepregging, and pultrusion are typical
processing techfiOuesbid fonfbiskidnt ARl coripdbited described herein may be useful as

adhesives, structural and electrical laminates, coatings, marine coatings, composites,

powder coatings, adhesives, castings, structures for the aerospace industry, and as circuit

boards and the like for the electronics industry.

In some embodiments, the curable compositions and resulting thermoset resins

may be used in composites, coatings, castings, adhesives, or sealants that may be

disposed on, in, or between various substrates. In other embodiments, the curable

compositions may be applied to a substrate to obtain an epoxy based prepreg. As used

herein, the substrates include, for example, glass cloth, a glass fiber, glass paper, paper,

and similar substrates of polyethylene and polypropylene. The obtained prepreg can be

cut into a desired size. An electrical conductive layer can be formed on the laminate /

prepreg with an electrical conductive material. As used herein, suitable electrical

conductive materials include electrical conductive metals such as copper, gold, silver,

platinum and aluminum. Such electrical laminates may be used, for example, as multi-

layer printed circuit boards for electrical or electronics equipment. Laminates made from

the epoxy polymer blends are especially useful for the production of HDI (high density
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conposition may be used. Mreover, fibers in the formof bundles can be
coated with the curable conposition, laid up as by filanment w nding, and
cured to {gn osite. The curable conpositions and

descri bed ﬁe?gﬁﬁgﬁgg be useful as adhesives, structural %959&@2%@@P8a

| am nates, coatings, marine coatings, conposites, powder coatings,

adhesi ves, castings, structures for the aerospace industry, and as circuit
boards and the like for the electronics industry. In some enbodi nents, the
curabl e campos) | éc oaﬁ;ﬂd Erxgl%gﬂeg bfq%ﬁtl &L HOREudE %b@%ew cdIepHéf&britRose
conp05|tes coaP S, castin esives, or sealants that nay be di sposed
on, in, or en vari bstrates. In other enbodi nents, the curable
conp03|t|dﬁ@ghgﬁmﬁgogﬁﬁfﬁgﬁsﬁ)&gb%ubstrate to obtain an epoxy based
prepreg. As used herein, the substrgﬁﬁﬁ anlude for exanple, glass cloth,
a glass fiber, glass paper, paper MR | ar substrates of pol yet hyl ene
and polypropylene The obt ai ned prepre be.cut.into a desired size. An
el ectrical condUetfplevinggssmplsss igien Wr‘gﬁaalg‘ﬁ”?th"é’ QFAR r&IeEt PVEIMOBABY with an
el ectrical conductive material. As used herein, suitable electrlcal

conduct i vetorteachohaptordinerydrdl isl theert fompkecnd dise the yrvertiem | Ehis BANRIE Scopper |
gold, silver, platinumand alum num Such electrical |am nates may be used,
for exanplmnha&uhnkmHmhhmybwmﬁkmhmEMMwaXCuit boards for electrical or

el ectroni cs equi prment. Lam nates nmade fromthe epoxy polymer blends are
especially useful for the producti dresioVethods (hi gh densityinterconnect)
boards. Exanples of HDI boards include those used in cell phones or those
used for | nter copREeinsitiof)enspepfttiicaT £ thEwaipptaage Thehitiohh embrphoessaiipl e i s
intended to be illustrative of the present invention and

goes from a hard, glass-like state to a rubber-like state. Ty is determined by differential
scanning calorimetry (DSC) (IPC Method IPC-TM-650 2.4.25).

Thermal de(;omposition temperature, Ty, was measured by thermo-gravimetric
analysis (TGA) under nitrogen, using TA Instruments Thermal Analysis — TGA 1000,
with a heating ramp of 10°/minute from 40 to 400°C. T4 was determined at 5% weight
loss for the fully cured resin films after the solvent was removed on a 177°C gel plate.
The T4 (5% wt loss) measurement is the temperature at which 5 weight percent of the
sample is lost to decomposition products.

Stability data for the compositions are measured using Gardner bubble
viscometers. Stability data includes viscosity and appearance; each may be measured by
sealing a sample of the composition in a Gardner bubble tube. Stability data is measured
according to AOC Method Ka 6-63, ASTM D 1131, D 1545, D 1725, and FTMS 141a
Method 4272. Viscosity data is measured using the time it takes for an air bubble to rise
through the sample in the Gardner bubble tube. Viscosity is classified on a scale of <A,

A, B, C, and D, with <A being less viscous than D.
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to teach one of ordinary skill in the art to nake and use the invention.
This exanple is not intended to limt the invention in any way. Test
Met hods S ition tenperature, Tg, is the tenper i.ch an
anor phousvgo?}ot/dmg%gs froma hard, glass-like state to ai&:ﬁ{g(g\lezﬁ@(ol elgstate.
Tg is determned by differential scanning calorinetry (DSC) (IPC Mt hod
| PC-TM 650 2.4.25). Thernmal deconposition tenperature, Td, was neasured by
therno-gravinetric analysis (TGA) under nitrogen, using TA Instrunents
Ther mal An@)l(%?ig - TGA 1000, with a heating ranp of 10/mnute from40 to
4000C. Td was %’et‘erm’ ned at 5% weight loss for the fully cured resin filns
after the solvent was renoved .on a 177C gel plate.. Th 59 0SS)

A v R s prraee Metuihbdie Sunchylt Fied BErPRroel The

measurenent is per cen € sanmple is
| ost to deconpositio oducts.. Stability data, for the conmpositions are
reasur od GShgrer e ELRONFERP SiAsvalstndigt St and ¢y SEuEEN MRS Pt

vi scosity and appearance; each may be neasured by seal.ing a sanpl f the
conposi t i drshkerdo war g baugsteedenesd aftes inpiepsing leyele o1 7iac e %WF@d’dg ordi ng
to ACC Method Ka 6-63, ASTM D 1131, D 1545, D 1725, and FTMS 14l1a Met hod
4272. Viscbalile iz Gamponentsefi¥armsh using the time it takes for an air bubble

to rise through the sanple in the Gardner bubble tube. Viscosity is
cl assi fi ¢dngrediantsc gl EWag/mod) [MoliB, C, JriliD(gwi t h Solutleai ng ||Sedeenyi scqus
than D. Exanpl e 1 A |varni sh wasopteep@)ed by m xi ng wéighté¢ginpgnents |i stled in
Tabl e | begpwyoThe |sWlout 1 ons (vsr e added 98y wei ght| 774 t he anovBK#&Mndi|cat ed,
and the siahgir 80 wdsjgpl aced gnoo 26 26.3 None

383

X792741 780 55 18 324 PM/n-BuOH

DICY 21 10 2.1 21.3 DMF/PM

2-MI 10 1.4 14.3 PM

BA 20 0.2 0.9 MeOH

Total 106 172.6

RTC70 is a condensation product of an excess of a liquid epoxy resin (bisphenol A
diglycidyl ether) with methylene diisocyanate with an epoxy equivalent weight (EEW) of
300 g/mol and 1.66 weight percent nitrogen. It contains 0.5 weight percent boric acid,
and is a 75 wt % solution in a mixture of 2-butanone (MEK) and Dowanol™ PM.
D.E.R."™ 383 is Bisphenol A diglycidyl ether from The Dow Chemical Company.
XZ-92741 is a novolac hardener that contains a covalently-bound phosphorus flame
retardant (8.9 wt % phosphorus on a solids basis). It is a solution containing 55 wt %
solids in Dowanol™ PM and butanol.

DICY is dicyandiamide, an amine hardener.

2-MI is 2-methylimidazole, used as a catalyst.

The results are shown in Table I, below, and are also plotted in Figure 1.
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conpri sing a nmewalle 86 iaeéneidn haobaeh ldescabedi i dedaillf3r e patpsaoftillustration, it

should not be construed as limited thereby but intended to cover all changes and

modifications within the spirit and scope thereof.
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conbi nati ons thereof, and wherein said conposition contains a non-hal ogen
flame retardant. 2. A conposition in accordance with claim1l wherein said

stabilizg&obguﬂﬁﬁ%gnt in an anmount in the range of frompah t"@Tﬁmﬂgight

percent to about wei ght percent, based on the total weig sal d
conposition. 3. A conposition in accordance with claim21 further conprising
a solvent in an anount in the range of fromO0.5 to 95 wt% 4. A conposition
in accordance with claiml further conprising inert fillers selected from
the group gRPshEhicigmedistal ¢, silica, alumna, and conbinations thereof. 5.
A conposition in accordance with claim 1 wherein said non-hal ogen flane

retardancy, enh@@?&ﬂg)ﬁﬂﬂQBHQQikg a phosphorus-contai ni ng conpound. 6. A
conposition in accordance Wrth € aim1 wherein said epoxy resin is produced
by contacting a gly%h%gé q%hgr wi th a bi sphenol conpound to form
oxazol i di none @6ieties.’?ﬁ i\ conposition in accordance with claim1 wherein
sai d epoxy resiE i's ﬁéqguced y contacting a glycidyl ether with a
bi sphenol ~conpd¥ind &nd"%"Pof3 socyanate. 8. A composition in accordance with
claim6 wherein said bisphenol compound is bhisphenol A 9, A conposition in
accordance wi t ) cl aidebiligaerammmisegiametal cantgining coppoupy, said 'E’Btﬁg'osi tion in
accordance with claim9 wherein said netal containing conpound is selected
from the geB@miTHIRMpoUNGgoBPrivngs metaksalected o theydrosRil id 3 matHE aki de, zinc
acetyl acetonate, an organic zinc conpound and conbi nati ons of any two or
nmor e t her eofmbinations thereof, and wherein said composition contains a non-halogen flame

retardant.

2. A composition in accordance with claim 1 wherein said stabilizer is present in an

amount in the range of from about 0.1 weight percent to about 20 weight percent, based

on the total weight of said composition.

3. A composition in accordance with claim 1 further comprising a solvent in an

amount in the range of from 0.5 to 95 wt%.

4. A composition in accordance with claim 1 further comprising inert fillers selected

from the group consisting of talc, silica, alumina, and combinations thereof.

5. A composition in accordance with claim 1 wherein said non-halogen flame

retardancy enhancing compound is a phosphorus-containing compound.

6. A composition in accordance with claim 1 wherein said epoxy resin is produced

by contacting a glycidyl ether with a bisphenol compound to form oxazolidinone moieties.

7. A composition in accordance with claim 1 wherein said epoxy resin is produced

by contacting a glycidy! ether with a bisphenol compound and a polyisocyanate.
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11. A conposition in accordance with claim 10 wherein said netal containing
conpound is zinc oxide. 12. A conposition in accordance with claim 10

wher ei n sghd,{Eladsecont ai ning conpound is a zinc dithio RABS . A
conposition 1n accordance with claim 10 wherein said ne?gF confﬁpﬂﬁgg

conmpound is zinc dimethyldithiocarbamate 14. A conposition in accordance
with claim1l wherein said epoxy resin is selected fromthe group consisting
of a phenolic resin, a benzoxazine resin, an aryl cyanate resin, an aryl

triazine rgsin, \&oRBb&HiGH HercE&ahite vAMLISATNAGEINGRR Hph8IYY cbBoid 0T €
t hereof. 15. A conposition in accordance with claim1 wherein said

conpositiogmq%% Ak | east one nucl eophilic nitrogen source wherein a dative
bond is forned Detween said netal and said nucl eophilic nitrogen source.
16. A compgsitign in accordance with,claim 15 wherein said at |east one
nucl eophi | Fc nigf@ﬁ@ﬂmgghWéﬁc?ga%ﬁP%%T%%n?r%ﬁ??ﬂéabf%ﬁﬁlﬁgﬁgisting of an
i m dazol e, an oxazol i di.none, di.cyandjam.d d.comginations.thereof. 17. A
varni sh pr d%uced SPPBASTHALINASHYEAICE TR ?‘mfﬂ QFW‘T.S?L mefal CORBINNS” 1 epar ed
fromthe varnish of claim17. 19. An electrical |lam nate prepared fromthe
var ni sh of cempgups 1speleged fiomehaerony opdmesd aflff’ﬁr??ltt’ﬂé"‘f\)a’ldﬁ‘?’%%’ 8NcOKidPm 17. 2
1. A conposite prepared fromthe varnish of claim17. 22. A casting
prepar ed f rioeracehdacgtonalestn eganif zinmeampound andgorgbiinadonsef gryeper @dngreom t he
varni sh of claim17.

thereof.

11. A composition in accordance with élaim 10 wherein said metal containing
compound is zinc oxide.

12. A composition in accordance with claim 10 wherein said metal containing
compound is a zinc dithiocarbamate.

13. A composition in accordance with claim 10 wherein said metal containing
compound is zinc dimethyldithiocarbamate

14. A composition in accordance with claim 1 wherein said epoxy resin is selected
from the group consisting of a phenolic resin, a benzoxazine resin, an aryl cyanate resin,
an aryl triazine‘resin, a maleimide resin, and combinations of any two or more thereof.
15. A composition in acqordance with claim 1 wherein said composition has at least
one nucleophilic nitrogen source wherein a dative bond is formed between said metal and
said nucleophilic nitrogen source. |

16. A composition in accordance with claim 15 wherein said at least one nucleophilic
nitrogen source is selected from the group consisting of an imidazole, an oxazolidinone,
dicyandiamide and combinations thereof.

17. A varnish produced from the composition of claim 1.
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18. A prepreg prepared from the varnish of claim 17.
19. An electrical laminate prepared from the varnish of claim 17.

20. A coating prepared from the varnish of claim 17.

21. A composite prepared from the varnish of claim 17.
22. A casting prepared from the varnish of claim 17.
23.  An adhesive prepared from the varnish of claim 17.
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