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OF DISCLOSURE Field of the Disclosure [0001]JEmbodiments disclosed eraIIy to the
elimination o"vl‘a%fg’%?{’&"ﬁ?gh boiling solvents, such as DMF, NMP, and D&§§$é@§é%§ grmulatlons
where dicyandiamide is used as a curing agent. More speC|f|caIIy, embodlments disclosed herein

relate to hardener compositions and cured resms that are form ompositions,
where the hardeBdME %XL&?Q%M@M horus-containing
phenolic harMYBW@MEOﬁ@MQp&M Y & plications

often require a good balance of properUeEFﬁr)éYaRiE&IMSesm composmon having a low viscosity
may reduce problems with voids, poor fiber wetting, poor prepreg appearance, and other issues.
Cured resins having a high glass transition tem erature are also desirable. Solvents are often used in
forming the resin compositions, BAGKG m @%%%olublhze a catalyst or hardener.

[0003]Dicyandiamide is a common hardqq@fdfgfﬁgwéig%§ particularly for solvent-containing
electrical laminate and composite applications. Dicyandiamide has limited solubility in common organic

solvents, KP#us limiEavedinsise dsdorrdriereipairktifeevembidostrahmieiamiidditdtions.
[0004]Polar solvgaisysHEh asidimetiydiP AN eNiM Bhivnetty s égyigeformulations where

dicyandiamide is used as a curing agent. More specifically, embodiments disclosed
herein relate to hardener compositions and cured resins that are formed from such
curable compositions, where the hardener compositions include an epoxy resin,
dicyandiamide, and a phosphorus-containing phenolic hardener.

Background

[60062] Resin compositions used in electrical laminate applications often require a
good balance of properties. For example, a resin composition having a low viscosity
may reduce problems with voids, poor fiber wetting, poor prepreg appearance, and
other issues. Cured resins having a high glass transition temperature are also
desirable. Solvents are often used in forming the resin compositions, such as to lower
resin viscosity or to solubilize a catalyst or hardener.

[6003] Dicyandiamide is a common hardener for epoxy resins, particularly for
solvent-containing electrical laminate and composite applications. Dicyandiamide
has limited solubility in common organic solvents, and thus limits the choice of
solvents available for these solvent-containing applications.

[0004] Polar solvents, such as dimethylformamide (DMF), dimethylsulfoxide
(DMSO0) and N-methylpyrodinone (NMP), are commonly used with dicyandiamide.
Unfortunately, such solvents are toxic, have high boiling points, which makes it
difficult to remove the solvent from a prepreg, or are not suitable for applications
where 2 low amount of residual solvent in the prepregs are required in order to obtain
optimized performance. Additionally, due to its toxicity, industry is attempting to
reduce or eliminate the use of DMF in electrical laminate applications.

[0005} Various flame retardants and flame retardant epoxy compositions containing
phosphorus compounds are disclosed in publications such as WQ2007011075,
JP2006342217, EP1657972, W02005118604, JP2005067095, CN1488672, U.S.



(DMSO) and N-methylpyrodinone (NMP), are commonly used with dicyandiamide. Unfortunately, such
solvents are toxic, have high boiling points, which makes it difficult to remove the solvent from a
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among others. JBXEb2809889 squadlimeresisinne, ddanses theneyaitdissinns siderpiisphorus

modified epoxy regin wfich &xbibits,aame dlame asisiaapaeianyobihessdieblicadansigisclose the
use of 9,10-d|hydro-9éo>%g&1a%-BQﬁ$(B$§g henitnthrene-lo-(;ggde sometlmeg &gg{{esented as DOPO) as

the phosphorus-%egﬁ?glrrﬁng compou used’ BWE“CGSP mlﬁw, {here exists A Teed for DMF-free

formulatid88@Hing dicy&seiudiiddyvastheserion dgent foethdimobdding espdoymabitisnSUNMIMARY OF
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[6007] In one aspect, there is provided substantially homogencous solutions

comprising dicyandiamide and phenolic hardeners having the general formula:
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where R’ and R” may be the same or different and each represents R- or RO-
radicals, with R bein.g an alkyl or aromatic radical; R’ is hydrogen, an alkvl or
aromatic radical, -CH,P(O)R’R”, or ~CH,OR; n is a whole number within the
rénge from 0 to 100.
10008} In another aspect, there is provided curable compositions comprising an

epoxy resin, dicyandiamide, and phenolic hardeners having the general formula:
OH R"™ OH
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where R’ and R” may be the same or different and each represents R- or RO-
radicals, with R being an alkyl or aromatic radical; R**” is hydrogen, an alkyl or

aromatic



where R' and R" may be the same or different and each represents R- or ROradicals, with R being an
alkyl or aromatic radical; R" is hydrogen, an alkyl or aromatic radical, -CH2P(0)R'R", or -CH20R; nis a
whole number within the range from 0 to 100. 100081In another aspect, there is provided curable
compositions comprising an epoxy resin, dicyandiamide, and phenolic hardeners having the general
formula: OH R™ QlcalvherB IROTRRR omayrherhe sameholdiffierest it aehap ésantstR- or
ROradicals, W|th1|3 being an alkyl or aromatic radical; R" is hydrogen, an alkyl or aromatic radical
CH2P(0)WR", or - SHZOR, n is a whole number within the range from 0 to 100. [0009]In another

aspect, th¢p@d9]providdd anthermopeitrésir, isgmpiikihg thareactiesiprodugtioficahepaxyoresin;
dicyandiamide; apid g ha0al Hardeen g e geaeraldolmugi AF RrQkt Whire Band R” may

be the same or rent an presents - or ROradicals, WI R being an alkyl or aromatic
radical; R" is hycﬁ@&éﬂ,faﬁmﬂlayl or aromatic radical, -CH2P(0)1U1C, or -CH20R; n is a whole number

within the range from 0 to 100. R
Rfll

R™ n
where R’ and R” may be the same or different and each represents R- or RO-
radicals, with R being an alkyl or aromatic radical; R™*” is hydrogen, an alkyl
or aromatic radical, -CH;P(O)R’R”, or -CH,OR; n is a whole number within

the range from 0 to 100.
(0010} In another aspect, there is provided a process for forming a dicyandiamide
hardener composition, the process comprising: admixing dicyandiamide and a

phenolic hardener having the general formula:

Re O

R
where R” and R” may be the same or different and each represents R- or RO- radicals,
with R being an alkyl or aromatic radical; R*”* is hydrogen, an alkyl or aromatic
radical, -CH,P(O)R’R”, or -CH,OR; n is a whole number within the range from 0 to
100.

0011} In another aspect, there is provided a process for forming a dicyandiamide-
containing curable composition, the process comprising: admixing dicyandiamide and
a phenolic hardener to form a hardener composition, wherein the phenolic hardener

has the general formula:

OoH R"™ OH
Bl
STOT
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100101In another aspect, there is provided a process for forming a dicyandiamide hardener

composition, the process comprising: admixing dicyandiamide and a phenolic hardener having the
general fori@20MHHEAESR' and R" may be the same or different and eactPfepHESI$(EERSHr RO-

radicals, with R being an alkyl or aromatic radical; R" is hydrogen, an alkyl or aromatic radical,
-CH2P(0)R'R", or -CH20R; n is a whole number within the range from 0 to 100. [0011]In another
aspect, there isshroviRiband Brocesstothfosmingadifiyentdindtaek romestninearabie mshisgbsition, the
process comprisingnadmixing di iamide.and aphepolic;nay, L0 form.e hardengrgomposition,
wherein the ph%gé?ig‘r?aeﬁﬁ%n%r %%ﬁ%%%@nera formula: - WO 2309/§7_0’488Pc /US2008/084161
where R' and Rédival HEHHR(QIRIR brodiffereMBintiis actihelprecabes Ritbinpls-raagrcimAde R being an

alkyl or aromatyacical 35 ioge. a8 Allvhen aamalic eliealiGhi2P(OR K", or -CHZOR; s a

whole number wit in(ﬂi% range from 0 to 100; and admixing an i&;xy resin with the hardener
composiiiii ZD012]0tibenssiscts amd astenisesges Wit bepppal v tha RO AR AR R ption and
the appended %I&hrﬁ%# %%@%@ESCRIPTION [0013]In one aspect, embodiments disclosed herein

relate to the elimination of toxic
DETAILED DESCRIPTION
10013} In one aspect, embodiments disclosed herein relate to the elimination of toxic
and high boiling solvents, such as DMF, NMP, and DMSO, in dicyandiamide curing
formulations used in coatings, composites, and electrical laminate applications, for
example. More specifically, embodiments disclosed herein relate to phenolic

hardeners having the general formula:

OH R" OH '
Rl“ IR
/P\
O! Rn
n

Rm Rll!

Ei ]

where R’ and R” may be the same or different and each represents R~ or RO- radicals,
with R being an alkyl or aromatic radical; R** is hydrogen, an alkyl or aromatic
radical, -CH,P(O)R’R”, or ~CH,OR; n is a whole number within the range from 0 to
100.

{0014} In other aspects, embodiments disclosed herein relate to curable compositions
and cured fesins that are formed from such curable compositions. The curable
compositions, for example, may include an admixture of the epoxy resin and the
above described phenolic hardener.

[0015} The inventor has surprisingly found that it is possible {o dissolve
dicyandiamide in such phenolic hardeners without the use of DMF, DMSO, or NMP.
These dicyandiamide solutions may be sub"stantiaily homogeneous and may be
blended directly into an epoxy resin solution to serve as a curing agent and a flame
retardant. The resulting varnishes, prepregs, and laminates will not contain any DMF.
Additionally, the glass transition temperature of the resulting cured resins may be
increased compared to formulations containing DMF, for example, due to the absence

of residual DMF in the prepreg and laminates.



and high boiling solvents, such as DMF, NMP, and DMSQO, in dicyandiamide curing formulations used
in coatings, composites, and electrical laminate applications, for example. More specifically,

embodimen{sliggiasaskherein relate to phenolic hardeners having the gepefaidormuia; @H R™ OH
where R' and R" may be the same or different and each represents R- or RO- radicals, with R being an

alkyl or aromatic radical; R" is hydrogen, an alkyl or aromatic radical, -CH2P(0)R'R", or -CH20R; nis a

whole n within the rgnge from Q. to 100, [0014]In other as bod sg' losed herein
relate toLtcura le comp%sﬁa)er%ognéoc&gde s t Sé#é%ﬁfo%eﬁ%@%%@h%%@ﬁ%% riﬁ%ggi%ons. The

curable compositidnsefoadsittionplehardenéns| gdalsisiadinizeuretatitns e pokytesirdditiviieratiove

described phengl Bargienal, ARSI S0 eOikdancuierisingl dpunddhatilis essibla fp.dissolve
dicyandiamide in such phenolic hardeners without the use of DMF, DMSO, or NMP. These

dicyandiamide g8itilibamay be substantially homogeneous and may be blended directly into an
epoxy reﬁmﬁz}lution t%§%@ﬁ%%ﬂgﬁ¢ging agent and a flame retardant. The resulting varnishes,
prepregs, and laminates will not contain any DMF. Additionally, the glass transition temperature of the

resultingl8G#d resins Fhagpexintssns gsedompabedimsssrditelvssd hapiaimng BV Erdordrdenple, due

to the absence of residuali MR i the big %gaﬁgﬂl_éaéﬁﬂgl?tf‘e%in\!}@mch_ may be used alone or in
20091070488PCT/US20081084161 [0016]In addition to the epoxy resin and the

phosphorus-coReaARiREHsHE RSl VRAEEHEE: aHHRIONEINERBRRAE FES RSN Semapiiorstditrioned and other

additives may a{spe d38MdRaem ﬂ%ﬁﬁ@ﬂ%tdéﬁwgibéﬁiﬁpﬁﬁﬁﬁi% tese !%‘QP?RFK?;%@ gumore detail
below. [0017]EPDXY RESINS [0018]The epoxy resins used in embodiments disclosed herein may

vary and includ®¥biVEisGeHE aRd eishmErerIiy et ARy Lbisnre i PIRRRAINGSE R UsE alone or in
combinations ofdwgstere. In choosing epoxy resins for compositions disclosed herein,
consideration should not only be given to properties of the final product, but alsqg to viscosity and other

properticdHa may infllie Qe B RBRP IR Y PRE ARSsRiofPoXy resin, including any

material containing one or more reactive oxirane groups, referred to herein as “epoxy
groups” or “epoxy functionality.” Epoxy resins useful in embodiments disclosed
herein may include mono-functional epoxy resins, multi- or poly-functional epoxy
resins, and combinations thereof. Monomeric and polymeric epoxy resins may be
aliphatic, cycloaliphatic, aromatic, or heterocyclic epoxy resins. The polymeric
epoxies include linear polymers having terminal epoxy groups (a diglycidyl ether of 2
polyoxyalkylene glycol, for example), polymer skeletal oxirane 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 may also include
reactive —~OH groups, which may react at higher temperatures with anhydrides,
organic acids, amino resins, phenolic resins, or with epoxy groups (when catalyzed) to
result in additional crosslinking.
[002¢] In general, the epoxy resins may be glycidated resins, cycloaliphatic resins,
epoxidized oils, and so forth. The glycidated resins are frequently the reaction
 product of epichlorohydrin and a bisphenol compound, such as bisphenol A; Csto Cas
alkyl glycidyl ethers; Cy to Cpg alkyl-and alkenyl-glycidyl esters; C; to Cpg alkyl-,
mono- and poly-phenol glycidyl ethers; polyglycidyl ethers of polyvalent phenols,
such as pyrocatechol, resorcinol, hydroquinone, 4,4'-dihydroxydiphenyl methane (or

bisphenol F), 4,4'-dihydroxy-3,3'-dimethyldiphenyl methane, 4,4'-dihydroxydiphenyl
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10019]The epoxy resin component may be any type of epoxy resin, including any material containing
one or more reactive oxirane groups, referred to herein as "epoxy groups" or "epoxy functionality."
Epoxy resingg4sghylin.ggbodiments disclosed herein may include mono-fretiQnalsaRepf resins, multi-
or poly-functional epoxy resins, and combinations thereof Monomeric and polymeric epoxy resins may
be aliphatic, cycloaliphatic, aromatic, or heterocyclic epoxy resins. The polymeric epoxies include

linear polymers Cgr%\éitr&g‘temail%é er(lgtr»%/i % %glgry é%tc;ig%%@g d?g;(%%%a% 'f%f?l}é%)%@lﬁgﬂgn glyggll for

example), polymér Skeletal oxirane un olye or exam and pélymers

having pendantdépehy:gdphsguniclabaxglycitiyl-distiacryaE-gdohethetdpopdiprogandod éample).
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Or more epoxy groups e. In'some embo tS; €poxy resin . _ e reactive
-OH groups, whith midgriesionatanig heominpégaturedyeith ahhipsriadsyerganiienrdddindienatsiresins,
phenolic resins gr i POXYHEFOURS %b&%@%%@%@flﬁ%ﬂm agdiignehorossiialaiag P020]In

general, the epoxy resins may be glycidated resins, cycloaliphatic resins, epoxidized oils, and so forth.
The glycidated FESHE H® f?@&&%rﬁ% ieherdtonprasdcttor SsieHIBIBaydritant abispraabs
compound, suchasdlizabene! Aci§4enC2aaHorkIiveidyl RIS a2daifdS.alkyl-aang alkeayl-glycidyl
esters; Ci to C28 alkyl-, mono- and poly-phenol glycidyl ethers; pol egméin ethers.of polyvalent
phenols, such 457 oehBehEh s r QRBINAY dPYq SHRGRBS A& REFRAIF 2D Ei pRREVRAR tRAIRE Tor
bisphenol F), 4 dargifiveresttudidisnathyldinbemibmrathangs 4, dtebh oy i be iyloRy Weins

20091070488PCT11.520081Q084161 dimethyl methane (ar hisphenol A), 4,4'-dihydroxydiphenyl methyl
methane, 4.4 A15EH RIS SRR HRyCHoR 4 AR GG eGR4 -
dihydroxydiphedigistifighethanahtticdtdrgeliedyphysiydjm Bikpineiop olydibigtdyl bitiets of the chlorination
and brominatign prodycts of the apoye-mentigned diphenols; polyglycidyl ethers of novolacs;
polyglycrilm ers of Léfbﬁ%??&segqﬁt%%gm é%?eﬁ?)? é%ﬂarég&%’é?ﬁ?&%@%iﬁﬁe %Sfl é%?g’rifying
salts of an aromgiici dyldraaarhoxyiiicgelibwithea lditatoatkansy oe, dilihhgepedmddy b ptligrrqolyglycidyl

d by condfansi gs&g_lﬁquls and long-chain hal?&%n raralffir(l}s,vé:lontaining at

ethers of ponhe%QOl%Igg—tPér%]ﬁm exampies o, CpOX 5§ may 1

least two halogen atoms. erfexamples of epoxy resins Lsetl in embodiments disclosed herein
include bis-4,4' ¢femettsie hditéicaiophbraindigiyeidy] biftemsheptehiosemdthgipoxmaneddisphenol A
diglycidyl ether.rﬁ[sqlq '15%11%0 &;@Q&diﬁlg g.xtg_tl}gsed%% in.May Rglude glycidyl ether type;
glycidyl-ester type; alicyclic type; heterocyclic type, and halogenated epoxy resins, etc. Non-limiting
example$izdjitable eposapepmzapenyincudewstssokyovoledeaposyrsdidigiddplicthevolae epoxy
resin, biphenyl epoxy-resi | 0 7,1Stl resi, Hxtures and
combinations th%%eﬁg%o%é%&%gt%%%%ﬁ&%%ﬁé%d n%@gggﬁﬁ%%??gsﬁ%g%%g %?dgl ether
(1,3- bis-(2,3-epoRyvEsproE) RbaREDRICRRN cidjEbHaY loPhisRepsIRL (A 2 Bid(prexguropoxy)-

€pOXypPropoxy) Sy SHY SRS MiNaRIE 0&&4@&%@1%%6%5&9@9&);@ 2,2-bis(4-
N,N-bis(2,3-epggi?r13(6)&)5‘?/%gyaon|Iine)l,5 (gqiéylgcidyll g?ﬁe_ro brc?mobisphenoIA(Z, -his( ¢ i

(2,3-epoxyprop &y ) SPETORTSRTFEN BBl aPR B RERRA e B8P siBis plsh Gt FBgphenol F (2,2-
biS(IO-(Z,3'9IOOXM@P@W%}J&E}ZAW&WMHMQM)?thﬁél?éiﬂj@t@t}éﬂdé@rrﬁé@%ﬁkﬁ@?ﬁﬁ?@'
(3-(2,3-epoxypropoxy)N,N-bis(2,3-epoxypropyl)aniling), and tetraglycidyl methylene dianilin
(N,N,N,N-tetra(SBR5TBopyl) 44 argﬁﬂmwm%m%&%&eaﬂaym&w}&%mo or niB

polyepoxy competiidtcidyinorenetidetstive strolinsefuepoxy xestnsmangmay-beyfpund ig-Lee, H.
and Neville, K., Handb oiﬁ_lof poxy Resins, McGraw-I—ajfiII Book Compagy, 1982 reissue, [0023] Other
suitable epoxy SBYE ’%Bgﬁﬂﬁgsbo P S TR AL Prﬂ%goéﬂ%”gﬂﬁiéhl ohydrin,
such as N,N'-dighyetdykleaitithes NN ‘odinmetiy|ddaXy dighyciéhyind , Aagidvaifiodip hmnyks) dthamd;
N,N,N',N'-tetraglycidy1-4,4.s digminodiphenyl methane: N-di idyl-A-aminoph lycidyl ether; and
NN 111 e B R e e e iy
derivativé8@¥Xne or ntdecfuasblaapoiansine Speloinatityepoxy compounds based on aromatic

amines and epichlorohydrin, such as N,N'-diglycidyl-aniline; N,N'-dimethyl-N,N'-
diglycidyl-4,4'-diaminodiphenyl methane; NN, N' N'-tetraglycidyl-4,4'-
diaminodiphenyl methane, N-diglycidyl-4-aminophenyl glycidyl ether; and
N,N,N',N'-tetragiycidyl-1,3-propylene bis-4-aminobenzoate. Epoxy resins may also

include glycidyl derivatives of one or more ofi aromatic diamines, aromatic
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WO 2009/070488PCT/US2008/084161 monoprimary amines, aminophenols, polyhydric phenols,
polyhydric alcohols, polycarboxylic acids. [0024]Useful epoxy resins include, for example, polyglycidyl

ethers of palyhydiicseelypls, such as ethylene glycol, triethylene glycol, 1,greRYig6:9¥g0! 1,5-
pentanediol, 1,2,6-hexanetriol, glycerol, and 2,2-bis(4-hydroxy cyclohexyl)propane; polyglycidyl ethers

of aliphatic and aromatic polycarboxylic acids, such as, for example, oxalic acid, succinic acid, glutaric

acid, terephthalic acicinl_i r&%ﬂg&htgaleg& g%g:ﬁgbg&glizp %g?i&,aé\lg %%%%gﬁid glﬁ}?lﬁiﬁ&d% cpo%léﬁg’lycidyl
, su nof A, bis-phenol F,

ethers of polypﬁlgrrllgps as,iPoP’examp , bis-ph

1,1-bis(4-hydropglybabyRetivarelsl, 1-bis(4-hydroxyphenyl)isobutane, and 1,5-dihydroxy naphthalene;
modifie resins, with acrylate or ureth oieties. ' In resins; ovolac
resins. %@%ﬁ{he ep%e?grﬁgéx 5%5}%%)}%@ %?fcr%élF&w%éﬁirfg%ggﬁ%%glé%rﬁg)%}éss.gﬁgglﬁpgggﬁof
cycloaliphatic gpdyides sndiude dibplsxielegiicdydidetiytentc glsras ot Hipmmdsyticari@ssuchasbis(3
,4-epoxycycloh X% ‘H@ y C 13(3.4- yeyelohexylm ipateHISE4s RRXY
-6-methylcyc|o§exy mé‘% %/I)%%%;%%%%%ﬂ _ﬁgﬁ%iﬁﬁg&%gh%%%a%; viryla(wﬁégc?%hexene
diepoxide; limopeinelishoxriesraiofcriinbatiadient diepaifdeo Yike. ®ifer SiskaBle &Epoxides of

cycloaliphatic esfgrs,of dicatboylicAcissan festihad 40 XARIRaiR Yo, PASRbNAaInE50,395.
[0026]Other cycloaliphatic epoxides include 3,4-epqucyc|ohexylmeth)l{jl-3,4- epoxycyclohexane

carboxylates siberE Yl peidy &pd sHmerinsdutipplsio. agide BRlyalsrdxh e b Bktghenols,
3,4-epoxy-I-meghyicyslohexslametfy b2 fraR0Xy; oispatAvic e ohexrne ipatsspiaiey])ethane,
6-methyl-3,4-epoxycyclohexylmethylmethy1-6- me r:gl-s_ -e og%c clohexane carcfgxglate;
3 - epory-2-mam Y O R SR BT gER R epony
3,4-epoxy-3-metideyelahexsyinethydrethdne nasicmethyidytiohexapexgarbinylaiel novolac
3,4-epoxy-5-methylcyclohexyl-methy1- 3,4-epoxy-5-methylcyclohexane carboxylate and the like. Other
suitable 3,4- ed&§%yclohexylmethy1-3,4-epoxycyclohexane carboxylates are described, for example,

in U.S. Ragze|No. 2,89R:14x[003  ountiemepbxycgeotdiphagoateitatdivbjelvides. pBraobdy useful

o e e ety el e, Ceamp s 0 0 L ROV YRR b o
acids such as bis(3,4-epoxycyclohexylmethyloxalate, bis(3,4-
epoxycyclohexylmethyl)adipate,  bis(3,4-epoxy-6-methylcyclohexylmethyladipate,
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.

[0026] Other cycloaliphatic epoxides include 3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexane  carboxylates such as  3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexane carboxylate; 3,4-epoxy-1-methylcyclohexyl-methyl-3,4-epoxy-1-
methylcyclohexane carboxylate;  6-methyl-3,4-epoxycyclohexylmethylmethyl-6-
methyl-3,4-epoxycyclohexane carboxylate; 3,4-epoxy-2-methylcyclohexylmethyl-
3,4-epoxy-2-methylcyclohexane carboxylate; 3,4-epoxy-3-methylcyclohexyl-methyl-
3,4~epoxy-3-methylcyclohexane carboxylate; 3,4-epoxy-5-methylcyclohexyl-methyl-
3,4-cpoxy-5-methylcyclobexane carboxylate and the like.  Other suitable 3,4-
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylates are described, for
example, in U.S. Patent No. 2,890,194,

16027} Further epoxy-containing materials which are particularly useful include those
based on glycidyl ether monomers. Examples are di- or polyglycidyl ethers of

polyhydric phencls obtained by reacting polyhydric phenol with an excess of
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WO 2009/070488PCT/US2008/084161 chlorohydrin such as epichlorohydrin. Such polyhydric phenols
include resorcinol, bis(4-hydroxyphenyl)methane (known as bisphenol F), 2,2-bis(4-

hydroxyphegy) psgpaagstknown as bisphenol A), 2,2-bis(41-hydroxy-31,5'@%{%@9%5}5% )propane,
1,1,2,2-tetralcis(4'-hydroxy-phenypethane 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 are described in U.S. Patent Nq. 3,018,262. Other examples include, di- or polyglycidyl
ethers of polyhytHe 3§ﬂ’6|§“§8c§§ a?glfﬁ% g?fé%‘ioﬁ,%é‘p%‘ﬁiﬁi‘% é%@%ﬁ%glé%g%%eﬁsﬁ&%}bxgpylene
glycol and di- obigOhvigideictybathersetieyxcoalifkatiopolyods suchigshenol F),  2,2-bis(4-
2,2-bis(4-hydro§ 8¥C|OhﬁxaQ ropane. Other exam Ie%ar%molno;x c?il%glge Anﬁ such a;sgresyl
glycidyl ether or%u@’f}éﬁygl y?péfﬁgnr.e[oo er 2lasseg of epoxy K()z’omp’ofj 13§ include polyglycidyl
esters and polydbstenopbtnylgbyciciyh. esie?s af atysidldntdraxephydiy Befbans ushcas dentiatdicodicid,
terephthalic acigy igiianylropnihalieiaeld arhaxebydiaehtialie acit AL clask of eRoxy
compounds ard’ -glyciay derlvatlve§,o amines, amlgles an gheterocyclﬁc nitrogen bas?zes such as
N,N-diglycidyl amitinlciandditiydiapvarssinexanney o thistivesydi éppbistasansirsofiseripeiriathane,
triglycidy! isocygyraig N N 1-fialyeisy! etimbiraa k- dolvait- S5 simeinipcanipinand

N,N'-diglycidy1-5- isopropylhydantoin. [0029]Still other epoxy-containing materials are copolymers of
acrylic acid est®BIgRRICAFAIRE gy ddlylatriiiasuliel.glgEidahidinderslagdyamn ovstoranore

copoIymerlzablgd{yl}%ﬁ?mgqg@g& mp!ﬁspgf a%@F&@l’ﬁéi@Qfﬁc@@o&i%ﬁéﬁ@ﬁ&?&@%&ﬁ‘%haﬂwate’
1:1 methylmethacrylate-glycidylacrylate and a 62.5:24:13.5 methylmethacrylate-ethyl i
acry|ate-g|yciMﬁeﬁﬁé%.@?&f@ﬂ’@@@@}@&&presﬁaﬁou%&%gﬁwl@a&ﬂ? FraribrstioerloesRtadecylene
oxide; glycidylmathagryteior gighiwidytiriharafbispheadl Aqds.E.R. 331, D.E.R.332 and D.E.R. 334
from The Dow Chemical Company, Midland, Michigan; vinylcyclohexene dioxide; 3

4-epoxyt¥Shexyimett e slasen 8k yegEih ARRRRETE BBy glyeidyl esters and poly(beta-
3,4-epoxy-6-methyisysiphiax)l-ethy 108, 4eipexiedi-nathyigidohedianeuehrbaxyliidalic acid,
bis(3,4-epoxy-6-methylcyclohexylmethyl) adipate; bis(2,3- epoxycyclopentyl) ether; aliphatic epoxy
modified with p&%ﬁgﬁcﬁy@?&%@%&@&ﬁ%ﬁgﬁé%ﬁPa%/b)?en*é; tbdr e,
containing epoxyf ftpestiooatityn il ereckoudearitiepdxywabins (Suchias, aabridetinatbddusphietiol type WO
2009/070488PCT/US2008/084161 e esin.gqvailable u e tradename, D.E.R ..available
from The Dow axr%léor%?@a @8Smsﬁgnyésl\%%%é§? f?ﬁ%%%lnf’%%ﬂéhféﬁ%{gg%?ﬁﬁﬁeétﬁéﬁ%
phenol-formaldettsediynoiyd | dds($tohinsptrosbavtilable ttigheidhe tradenamies DR Migigdidnd D.E.N.
438 available frgm ‘The Dow Chemi any M ichigan);.and resQrc) iglycidyl ether
Although not sp%@%calI‘)]?ér%’entigﬁgd?@?ﬁgigggg%?ﬁ%@ﬂhﬁéﬁ%{g’traggﬁam?&s? iagtiiggls%D.E.R. and
D.E.N. availablésfronepiieyBanieBhemical Company may also be used. In some embodiments, epoxy

resin congpsions mayhalide spoviclasinsdomed i acianohadigbgietnes gfbisghenol A

with bisphenol’A. [O_OBlﬁ er sultabile epoxy résins are dis in U.S. Patent No. 5,112,932, which
is incorporated &latédelbyieteenBySddhepess wsinglradyvimatissralsbky Welinipraegr more

polyoxazolidone:comaipinginenpgynds, ipaiding: iansrarnple.dhedpastianPipdyct afadelyepoxide
compound with a polyisocyanate compound. Polyepoxides disclosed may include diglycidyl ether of
g Stk

2,2-bis(4-hydrofiphdyiym &-(geheraghrrirsthegridbais gisitdarramadig Pof
2,2-bis(3,5-dibrgmﬁm@me@@ﬂw m@p@@@g@@@ma@{ﬂg@d to as tetrabromobisphenol A).

Suitable polyisocyanates include 4,41-methylene bis(phenylisocyanate) (MDI) and isomers thereof,

higher fu al homd&iBE oF NIPPHEHIN 'Gesigfitie 4 RE RS inrreMsifemilfBRe Mt cyanate
(TDI) such as 24ctol4@nemiisomianale pndy?, Bdeluens; shisaaranate, MRXAyene dilkogyanate,

hexamethylene diisgcyanate (HMDI) and i sophoropediisocyanate. [0032]0ther suitable epoxy resins -
are disclosed inPrexarmile, 0P8 pdtéht Nggy  Chemical © Company,  Midland, — Michigan;

vinylcyclohexene  dioxide; 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate; 3,4-epoxy-6-methylcyclohexyl-methyl-3,4-epoxy-6-methylcyclohexane
carboxylate; bis(3,4-epoxy-6-methyleyclohexylmethyl) adipate; bis(2,3-
epoxycvelopentyl) ether; aliphatic epoxy modified with polypropylene glycol;
dipentene dioxide; epoxidized polybutadiene; silicone resin containing epoxy

functionality; flame retardant epoxy resins (such as a brominated bisphenol type
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7,163,973, 6,887,574, 6,632,893, 6,242,083, 7,037,958, 6,572,971, 6,153,719, and 5,405,688, PCT
Publication WO 2006/052727, and U.S. Patent Application Publication Nos. 20060293172 and
200501712374 6@ Mbhich is hereby incorporated herein by reference. peruszoos/os4ict
[0033]PHOSPHORUS-CONTAINING PHENOLIC HARDENER [0034]As described above,
dicyandiamide has poor solubility in common organic solvents, such as ketones and alcohols. Thus,
polar solvents, such as dimethylformamide (DME). N-m yragino i Isulfoxide
(DMSO0), are cgﬁ?%ﬁffﬁs%‘éa%ﬁ%pgﬁ% igllngsﬁrr? d&ﬁﬁeﬂ%ﬁdigﬂhe&%ﬁ%@és g@ﬂﬁ%@ wO

2009/070488P Cli¢n820UR/0841 6 IMotaadiMichigan); dutdbitauhiop didipridwistiosed pheraih include
dicyandiamide as.8 iy &eﬁ&fﬁ% i@%c@lga%%ag aiaiie JicyRndianyige. 5,00t Beedingenjnction with

DMF, NMP, D , Or other solvents not suitable for applications where low residual solvents in
prepregs are rdgdirdd 4t 3eithbiafigntitie Ravdéhsmisnltforianmac oditandriichisggicide
dicyandiamide gligsaiyad &fgfyats?gelﬁgfouﬁtﬁ@ﬂ i%ﬂwsgemmwdﬂna&@&tiemaae@amesms

phosphorus-containing compound. In some embodiments, the phosphorus containing compound may
include a compwidsa Hhgirpdseagenseigsaing: BER" & Riehe RvaRPR" Fp1) BBetHd%ame or
different and eaghfeREeSeRsRnPr R~ Fdicals, with R haingar alkwenaematipeadicakii” is
hydrogen, an alkyl or aromatic radical, -CH2P(0)R'R", or -CH20R; n is%whol nui%b%gwit in the

0

range from O t&?ﬁ@?@%@ﬂﬂﬁsﬁﬁ&%-@ﬂ%ﬁﬂﬁsﬁéﬁ& Byarepshion Yed dipat 8y include,
for bisphenol A with bisphenol A.
[0031] Other suitable epoxy resins are disclosed in U.S. Patent No. 5,112,932, which

is incorporated herein by reference. Such epoxy resins may include epoxy terminated
polyoxazolidone-containing compounds, including, for example, the reaction product
of a polyepoxide compound with a polyisocyanate compound. Polyepoxides
disclosed may include diglycidyl ether of 2,2-bis(4-hydroxyphenyl) propane
(generally referred to as bisphenol A) and diglycidyl ether of 2,2-bis(3,5-dibromo-4-
hydroxyphenyl) propane (generally referred to as tetrabromobisphenol A). Suitable
polyisocyanates include 4,4-methylene bis(phenylisocyanate) (MDI) and isomers
thereof, higher functional homologs of MDI (commonly designated as "polymeric
MDI"), toluene diisocyanate (TDI) such as 2,4-toluene diisocyanate and 2,6-toluene
diisocyanate, m-xylylene diisocyanate, hexamethylene diisocyanate (HMDI) and
isophoronediisocyanate.

10032] Other suitable epoxy resins are disclosed in, for example, U.S. Patent Nos.
7,163,973, 6,887,574, 6,632,893, 6,242,083, 7,037,958, 6,572,971, 6,153,719, and
5,405,688, PCT Publication WO 2006/052727, and U.S. Patent Application
Publication Nos. 20060293172 and 20050171237, each of which is hereby

incorporated herein by reference.

[0033] PHOSPHORUS-CONTAINING PHENOLIC HARDENER
[0034] - As described above, dicyandiamide has poor solubility in common organic
solvents, such as ketones and alcohols. Thus, polar solvents, such as

dimethylformamide (DMF), N-methylpyrodinone (NMP), and dimethylsulfoxide
(DMSO), are commonly used for applications in which dicyandiamide is used as a

hardener,



example, the reaction product of a resole and a phosphorous compound of the formula (I): Ri 0 \ll P- H
R2(0),.,(I) where R and R2 may be the same or different and each represents a linear or branched

alkyl group Qiaymngskigssscarbon atoms, an alicyclic group having 5 to 6 cabpnatpasinghe ring, a
substituted or unsubstituted aryl group having 6 to 10 carbon atoms, or Rl and R2 may form a 5-t0 8

membered ring together with a phosphorous atom; m is an integer from 0 to 1. The active hydrogen is

reacted yj e resole to form the sphorous-contain u
embodiri%%gthe phggpqr%%ass}bgn %il%neiné) If)l %Sﬁ%ﬁ{:kshzgrggggn%?%%%%ng%lég%g@%ﬁﬁ%q%%ﬂ%n product
of DOP (9,10-diaydrued-@xeuliog pigosh ipeba diconediOritidis) zidisefe o kensiosuivible

D ORI PRE OGS R BN AL HBPA RN RR AN, B AelAle ARee Ritpsphorus-

WO 2009/070488l . 1 containing compound such as those disclosed in
PCT/US2005/03854! splvehtisirsnsesanseimavairfby reference.

[0036] Dicyandiamide hardener solutions disclosed herein may include
dicyandiamide dissolved in a phosphorous-containing compound or a solution having
a phosphorus-containing compound. In some embodiments, the phosphorus

containing compound may include a compound having the general formula:

OoH R"™ OH ‘
R,” P$
O] U dw

R™ rr "
where R’ and R” may be the same or different and each repres.ents R- or RO- radicals,
with R being an alkyl or aromatic radical; R’* is hydrogen, an alkyl or aromatic
radical, -CHoP(O)R’R”, or ~CH,OR; n is a whole number within the range from 0 to
100.
16037] Phosphorus-containing phenolic hardeners described above may include, for

example, the reaction product of a resole and a phosphorous compound of the formula

(D:

N

P H

e R2(0) D

where R' and R* may be the same or different and each represents a linear or
branched alky! group having 1 to 8 carbon atoms, an alicyclic group having 5 to 6
carbon atoms in the ring, a substituted or unsubstituted aryl group having 6 to 10
carbon atoms, or R! and R* may form a 5 to 8 membered ring together with a
phosphorous atom; m is an integer from 0 to 1. The active hydrogen is reacted with
the resole to form the phosphorous-containing compound.

[6038] In selected embodiments, the phosphorus-containing phenolic hardener may
include DOP-BN, a reaction product of DOP (9,10-dihydro-9-oxa-10-
phosphaphenanthrene 10-oxide) and a resole. Other suitable phosphorus-containing

phenolic hardeners may be formed by reaction of a resole and a phosphorus-
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[0039]Resoles are condensation products of phenols with an excess of aldehyde (typically
formaldehyde or a formaldehyde precursor) under neutral or alkaline conditions (see Encyclopedia of
Polymer Scigpcgandslgchnology, Vol. 7, "Phenolic Resins,” John Wiley aid. genskRegeles are
characterized as containing at least one aromatic ring to which at least one phenolic -OH group and
one -CH20R side chain, where 'R." is hydrogen or an alkyl group. Resoles may include

phenol-formaldehyde.resole, cresql-formaldehyde resple, phe sole, hisphenol
F-formaldehyd&° §16]fé‘,gaﬁ%nﬁ?85ﬂ%ns&cg1-ﬂ§r é%feﬁ%/s eo?gg?)%,rgé:nflg@;é%@és{. égsew %?g%a%diamide/
phenolic hardefrbsoititiahBeneyHyersishstentially homogeneous and may be blended directly into an
epoxy resi lution tQ serve as a cutin ent and a fl retgrdant. [0040]As an.e le, the
reactione@?@ the p%%oéﬁﬁ ﬁﬁercfé’ﬁ’é%%(%%grigr@gi 1ﬁzc"g‘o?e(i)n é?z‘aef/l @5’ Sarofme eﬁsb%fn?iyll%%%eeﬁerent
amounts of DQR/$8:410dibyeleddShera- b0- pHosphidphpttapteensdOvorite hortuther alkaline
phosphorus-containing compaunds describ bove and resol p tL@g %-@ixture toa
sufficient tempg(r)g dtrlé)%% %ﬁ: 1a Ie}%czor%ee?é |8§ %?3 eeén%%%nﬁiéqégﬁ%%ff %:E](S?%?’gc?ﬁ)ndegnd tﬁe rlesole.
Generally, the Reattigh lelmp¥idaymnib Yresite Resale 2BE chratisteitpd pe amrtairingl 80eashatemore

preferably grealeriian ks HRISRURD OLRIGIARNGR IR0 UhIPE A PRPDR! Liltechuflicient 0 a

react the H-P=0, OH moieties o ponent (A) with the OR" moieties of Component (B).

The time of reactiorn iRiyisibatyogemcsehatkiegewsroRssoles prastdpabigerhiene fotuprabieydeurs, and
more preferably.fram 2 NQUSIRRIRON e TF%%&&O?@BHB@SM@WEO%@&BD%%%% rgsole may be
0]

combined at a weight ratio in the range from 10:1 to 1:10 in some embodiments; from 5:1 to 1:5 in

other embodimiwaalfemde: Terele: et obimhensb dtifapldeydonthsr e 1 e e Qe yettsiier

embodiments, hasedipmdrial salids rontemntet thasrmpasiion. {0841iRhepaliabastensramdescribed
herein may also include solvents, such as ketones, al_cohﬁﬂs, and glycol ethers, Suitable §|cohols may

include, for exaRl@eYSPLFbAEEEN SO FR CREEHFS O o PILE ATAABT B8 dlcohoals.

Glycol ethers, fagexasapiemmay include propylene glycol methyl ether, available from The Dow
Chemical Company, Midland, Michigan as DOWANOL PM. For exa pée, in WO .
2000/07REHRCT/118508RBHBE B BHHL s &RsAA i ke ety Beeribed YSFiR the above
described phengli¢ bargefiemstahyasda@ieBiNfireothanamisociMeRs(Yicydingidmleady-be

dissolved in a rﬁﬁture of the %%enoli"? har ePner and Ce)IWA OSL Phlﬂdslg%l?t.gltger egnbodimints,
dicyandiamide W@p&% & 2 miktdre o?rtheop enolic Rar ener, butan ,anS‘B’SW WNOL PM to
form a storage-géabieesolubiore Sndhsstltionsgrthyrbensd dedtioge foxymigiredmpositifisets form

stable curable formulation that.m ey to form. pr ad.elegtical laminates, far gxample.
[0042]Dicyanditaerrrﬁli”(-’ﬁ“:er""r%nug&/tlgems%I L?glfgl?rf ?%%Igﬁggéygé%g?%%%%p%egnoﬁ ﬁ%\%%leners or solutions thereof at

concentrations Gpnto35 wibightpeice icopearednis greetembedifEitts, riejseidi grapen thie
concentrations pighe Bhenolic BRARIEY aelsPivanter e R &AM RIBRkHeddiig salution. In

other embodiments, dicyandiamide ma soluble in the phenolic hardener or solutions thereof up to

concentrations i @ poiedightipercarfisieniore aprast b Eligit Belht o MO imeigise of
embodiments; R, 10,8 WaIGRh REFEER OO O RRIher embpdimants).anthiriie 35 waigh percent or

more in yet other embodiments. Such concentrations are sufficient for bromine free and dicyandiamide

curing formulatiSREABOISh XM eRsHS & s Priredhe fegh iR Sutfip e ardmedamide and

the phenolic hagdgagiar selulionsthesd Raysnciudehieho et asiserbaphadeartiar product of
3,4,5,6-dibenzo-1,2-oxaphosphane-2-oxide and a resole; 1 to 20 wefight Tgﬁzent Q{ he dicyandiamide;

and 5 to 30 welt§APSeRBnPHIFQEEREsACHAIE AR R R R Ret a KEtdne Bt &mbination

thereof. [0044]ARBYFIRNA:L HARDENERE: 3 GURING AfdblifRnts; from 2:1 to 1:2 in other

embodiments; and from 1.1:1 to 1:1.1 in yet other embodiments, based on total solids
content of the composition.

(0041} Phenolic hardeners described herein may also include solvents, such as
ketones, alcohols, and glycol ethers. Suitable alcohols may include, for example,
propanol, butanols (i.e., isopropanol, butanol, isobutanol), and other alcohols. Glycol
ethers, for example, may include propylene glycol methyl ether, available from The

Dow Chemical Company, Midland, Michigan as DOWANOL PM. For example, in
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[0045]In addition to the dicyandiamide hardeners described above, additional hardeners or curing
agents may also be provided for promoting crosslinking of the epoxy resin composition to form a

polymer compesitiopy s With the epoxy resins, the additional hardeners al;}'dr&%%@gﬁgis may be

used individually or as a mixture of two or more. The curing agent component (also referred to as a
hardener or cross-linking agent) may include any compound having an active group being reactive

with the epoxy group of the epoxy resin., The curing agents. may. include nitrogenscantaini _
compounds su R88 gﬁﬁﬁ%‘ggqg}ﬁta’tﬁlgﬁa&gfm&c%ég?%%e/gggéﬁs-%%ﬁ%%in§ & %8(3%%16 éb%%ag eélé} gcarboxylic
acid terminatechpaiyestens;amhPdrRia pliendiaembadanbisphiiopadinniddansy DESBghehol
condensation products; ﬂt%romi ted %%%rﬁc% mers, a i%fﬁ;wﬁ[eh};% corﬂger}iatg 1products,
phenol, bispheﬁ%li\ 60@/%%4 fU %8@%8%1 1"and cresol novolacs, ﬁﬁenoﬁ%— terminated
epoxy resins; setfiodiontainidy comipmidedseyde disyadipdullidaniyiotymelvaptanstiahardestetytic curing
agents such terfigoy AMINeS &S haees and cambinatians bhup Rimaie lghe above

curing agents. Practically, po yamines, diaminodiphenylstlfone and their isomers, aminobenzoates,
various acid anhydfdrssiqprmolissolemnesitioniie évasaitahls orseble Sianstiendbaplearhiy be used,

but the present diselosyrg, is:BatEssiieae o ha 1se fidhese.capppounds. [0046]Other embodiments

of cross-linkers that may be used are described in U.S. Patent No 6,613,839, and include, for

example[®plymers Biessrdnamidemssl bk wheBldriadhsahayeadaseréd abwetbnthauisnar s range of
from 1500 to 5Q. 000 AadRGYFYANAE LARRINET FOHS thanJla MR ¢RRledPO47 IihergomRRnents that

may be useful in the compositions disclosed herein mclude,curln?ccatalysts. Examples of curing
catalyst includesTriiadistateie ApeRERE SRRy BmiTRISCBRORSaRTc retBlRneBRsheRBF efBples of

such curing catglyststinciyele ffee radica! iBiHatorgegauUah 8% axhrRMPOBNASHBE UiRSiments,
azoisobutyronitrile, and or%anic peroxides, such as tertiary-butyl perbenzoate, tertiary-butyl peroctoate,

and benzoy! peféfiadi P&ﬁﬁ%é&iH@?}é‘?‘o%é{hﬁ’&%lf@a}&@ NS Bk iR VRO SHEF PR aPBpEroxide,
cyclohexanone duydeapetioxidap diconywdgiosidesang mottyres ihaeeiiaimdreshybketenreiperoxide
and benzoyl per xid%%gegoreferablé used inﬁt%&}present invention. 0048 Indﬁome embpdiments,
curing agents rSFIERAEE BHE BAY SEEORYT BN Shilas dh "eﬁ"i%" BLEHHUIRE, and
polyamides. Fop éxaeiple, pabgunotianatarinings wthyrirchiddialgpitaticSartineocompetimds such as
diethylene triamine (D.E_H..20, available from The.Dow Chemical C any, Midland, Michigan),
triethylene tetrasr‘rrl}%ié1 ?B%élﬂor ,Héeva{ﬁgt?lrédf%]crﬁa?ale %Sv%ﬂ%%n%a @%%r%gginy, Midland, Michigan),
tetraethy|@fé3jentamibe s(@nE.ban&glimeaitgbieHmlm&"ﬂq@mGhelmw @mrﬂm;ldmk@dnd\/ﬁchigan),
as well as addugls gl I0g;g ROVE AN IR RARELSIDS SUNR'S. @ UNEL P DG JGR UG
compounds. AromA&tic Aamines, such as metapsneny(fene amine and diamine~diphenyl sulfone,
aliphatic polyaméaegospetdastarhihd.&thydibiperariheantiqgsohratrilonadpalydmiresolahd &voHiatic
polyamines, su iamine.: diami ' syl iethylioliene diamine,
2150 b use I DR e OB OB Ay At oty
include, for exaftpisohekiic gieelyithahydisiene, or a combination thereof,

[6044] ADDITIONAL HARDENERS / CURING AGENTS

16045} In addition to the dicyandiamide hardeners described above, additional
hardeners or curing agents may also be provided for promoting crosslinking of the
epoxy resin composition to form a polymer composition. As with the epoxy resins,
the additional hardeners and curing agents may be used individually or as a mixture of
two or more. The curing agent component (also referred to as a hardener or cross-
linking agent) may include any compound having an active group being reactive with
the epoxy group of the epoxy resin. The curing agents may include nitrogen-
containing compounds such as amines and their derivatives; oxygen-containing
compounds such as carboxylic acid terminated polyesters, anhydrides, phenol
novolacs, bisphenol-A novolacs, DCPD-phenol condensation products, brominated

phenolic oligomers, amino-formaldehyde condensation products, phenol, bisphenol A
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hexahydrophthalic anhydride, trimellitic anhydride, dodecenyl succinic anhydride, phthalic anhydride,
methyl hexahydrophthalic anhydride, tetrahydrophthalie anhydride, and methyl tetrahydrophthalic

anhydride, 3PnRgJRgLs. Anhydride curing agents may also include copohy#pgis:akaivigae and maleic
acid anhydrides and other anhydrides as described in U.S. Patent No. 6,613,839, which is

incorporated herein by reference. 100501In some embodiments, the phenol novolac hardener may
contain a bipheny| or ngphthyl moiety. The phenolic hydroxy groups may be attached to the biphenyl
or naphthyl mof&¥y BFth f{?&:ﬁﬁ%ﬁ%‘gﬁ%’%@%%ﬁ@% Fﬁ%ﬁ’%é“ﬁ%ﬁ%‘?‘é@%&?&?ﬁﬁ@%wording
to the methodssiescebeshinsERAdH 1 p8Aherapaxampie, adusdienendontajng awipheaymoiety may
be prepared by reacting phenol. with bismethoxy-methylene biphenyl. [0051]In other.embodiments,
curing agents RIS BotBH S HGOTRE G Ao SR TR Ao Sl 0o agonts
may also includeaimgdageles, Bnaitiszls, polgaacidostsiidhessliphexylsufong agdntsearastypecally solid at
room temperature. One example. of suitable imidazole curi s ineludes 2- phenylimidazole;
other s.itable oA e g R S R o e e
aromatic aminessiipfatixammive sranby dsife Svaty prasaolsiijooselnsepheesimbiediméstssthe curing
agents may be gn;aming compaund 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-ch|orom‘¥§/]-N,Ndillﬁﬁthybmm’&ép-ﬁj%h%@p\@ﬁm,madimwdmdf@mtbihéﬂéxamples of
curing agents usgfil inerpledimenty disglosed @&r%%g%dgégb@ﬁ@gdoé}—,%q&@IMmQ@lesulfone;

methylenedianiline; bis(4-amino-3,5- dimethylpheﬂrgl);lA- lisopropylbenzene available as EPON
1062 from SheRHarsieaprag amelsriaransisbbidny ) thepag B:PAfAd as EPON

1061 from Shel} fbemicabfen{8PaHENQLLYsIRg-aggnts 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 l80#dlymercapther Gomrpaentthal sayahe e eiblsimesowammsiirnmitisslasith hesein
methanedithiol jipanesitbickseiahaxanpaithiol Anmereanioatindindsimidazole derivatives,

tertiary amines, and organic metallic salts. Other examples of such curing catalysts
include free radical initiators, such as azo compounds including azoisobutyronitrile,
and organic peroxides, such as tertiary-butyl perbenzoate, tertiary-butyl peroctoate,
and benzoyl peroxide; methyl ethyl ketone peroxide, acetoacetic peroxide, cumene
hydroperoxide, cyclohexanone hydroperoxide, dicumyl peroxide, and mixtures
thereof. Methyl ethyl ketone peroxide and benzoyl peroxide are preferably used in
the present invention.

10048} In some embodiments, curing agents may include primary and secondary
polyamines and their adducts, anhydrides, and polyamides. For example,
polyfunctional amines may include aliphatic amine compounds such as diethylene
triamine (D.E.H. 20, available from The Dow Chemical Company, Midland,
Michigan), tricthylene tetramine (D.E.H. 24, available from The Dow Chemical
Company, Midland, Michigan), tetracthylene pentamine (D.E.H. 26, available from
The Dow Chemical Company, Midland, Michigan), as well as adducts 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, may also be used.
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WO 2009/070488PCT/US2008/084161
dimercaptosuccinate,2,3-dimercapto-1-propanol(2-mercaptoacetate),diethylene

glycolbis(2-pareqpipageiate),1,2-dimercaptopropyl methyl ether, bis(2-  pey/us2008/084161
mercaptoethypether,trimethylolpropanetris(thioglycolate),pentaerythritol

tetra(mercaptopropionate),pentaerythritoltetra(thioglycolate),ethyleneglycol dithioglycolate,
trimethylglpropane tris(beta-thiopropionate), tris-mercaptap derivative of {ri-glycidyl ether aof
propoxylﬁi@@jlkane, ﬁ(’ﬁl&g} eﬁt%‘gﬁﬁ%ﬁ%P%oW%e%i%|8’p£8%ﬁ)xr%rfg ?’h%o%#@t?gs?ﬁﬁe%%eérivatives of
the aliphatic thibksiaaydmoatiththiolsrbydhides driniriStior detnatndercépleday’ ervecinis- atrlgdade,
tetra(mercaptoalkyl)benzene, dimerca iphe ithiol ht ithiol; ..
halogen-substit%lﬁagﬁci)i P erivaé% gg%gf the' %ﬁo@na%g% @;I%gﬁgggggyc IC r?g%c%ng%ﬁ?%’ %ﬁ%%%adlgh as
amino-4,6-dithienkydrideicanidenetivd tyialedionishalierantisidinde, aryimgotherdithinisidetdaringe and
L35 tris(3- mergagionapuh saryaiuiaisinanoer sybsitinddatiaie sa e eocurlc
ring-containing thiols; thiol compounds having at least two mercapto groups and containing sulfur
atoms in additiGitpdiechhsréeistaPgdcugds Sulkws Dia-66153.83 SerhichercapemiksirAibyrenkene, bis-,
tris- or tetra(mefgapipalkylthio)alkane, bis(mercaptoalkyl) disulfide,
hydroxyalkylsulfidebis(mercaptopropionate), hydroxi/allcyl sulfidebi

s(mercaf tate), meréapoeaadmmentishn dheaptaprsinsiidpner may contain a biphenyl or
1,4-dithian-2,5-diglhis(MmassapioaseBiehdhiomiaheslisagis hia(meraaniaaliad asiesRBigdipropionic
acid bis(2-mercaé|c?toa kyl es_tePr), 4,4-§thiobultyric aci t_;glfsa(%%nerc%nﬁ)alkyl ester), 3,4?}?hig®ﬂenedithiol,
bismuththiol anBPPIEbTiRGIERLRS. he FompiiflazdidfodBBITH RAIHHY A gt h?ayrag%eéi for
nucleophilic sulgtamsie, Sksdd@smgnta e nrdefiaryephashine FROLAtEsAArY aromenitip&ad with a
nucleophilic anion, a quaternary phosphoniym salt with a nucleophilic anion, an imjdazole, a tertiary
arsenium salt V\;Pﬂﬁdzi‘?ﬁﬁc?gﬁﬁ"ﬁ‘l’i'égaﬁi%ﬁ%ﬁﬁa@&ﬂ‘é’rﬁ?ﬂfﬁﬁi@ﬁ?@é h e 8? Y‘ﬁ&

[0056]Aliphatic ﬁ@iyamﬁ&ng—sﬁé’taymﬁ Bipﬁiéﬂgd by adduction Wit_h epoxy_resins, acr_ylonitrile, or

uoed. ATSURES amimelRERin PSR Bro U Bhe BAFSLty HAbcHER R G A L S may also

be used. [0057 {uateidsn armarl urli saltswyithoharaste oplilieiagicpagefuhag aaburingeagient
imidazoles, their salts, and adducts. These epoxy curing agents are typically solid at
room temperature. One example of suitable imidazole curing agents includes 2-
phenylimidazole; other suitable imidazole curing agents are disclosed in
EP906927A1. Other curing agents include aromatic amines, aliphatic amines,
anhydrides, and phenols.

[G652] In some embodiments, the curing agents may be an amino compound having a
molecular weight up to 500 per amino group, such as an aromatic amine or a
guanidine derivative. Exarnples of amino curing agents include 4-chlorophenyl-N,N-
dimethyl-urea and 3,4-dichlorophenyl-N,N-dimethyl-urea.

[0053] Other examples of curing agents useful in embodiments disclosed herein
include: 3,3"- and 4,4'-diaminodiphenylsulfone; methylenedianiline; bis(4-amino-3,5-
dimethylphenyl)-1,4-diisopropylbenzene available as EPON 1062 from Shell
Chemical Co.; and bis(4-aminophenyl)-1,4-diisopropylbenzene available as EPON
1061 from Shell Chemical Co.

[6054] Thiol curing agents 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 polymercaptan curing agents. Ilustrative thiols include aliphatic thiols

such as methanedithiol, propanedithiol, cyclohexanedithiol, 2-mercaptoethyl-2,3-
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in embodiments disclosed herein may include tetraethyl ammonium chloride, WO
2009/070488PCT/US2008/084161 tetrapropyl ammonium acetate, hexyl trimethyl ammonium

bromide, begpgyhikinsiiiyd ammonium cyanide, cetyl triethyl ammonium azigey sa008/084161
N,N-dimethylpyrolidinium cyanate, N-methylpyridinium phenolate, N-methyl-o-chloropyridinium
chloride, methyl viologen dichloride and the like. [0058]In some embodiments, at least one cationic

oo MEhBERES SRl PROIRINURIRIS nGldacamRgLtgs A decomBRIR When @xPosed

to electromagneétic radiation of a particular wav ran elengths to form a cationic

species that mayyeatalybis@renprsigptandetation rebetidimssoeptas astveatetiylepotigs grdiiZand a

hydroxyl group, Ihal caliRpisaRecles May Al saiplvee th_%i’é%@ﬁﬁ@%&fiﬁ ,xid%&s%p%ﬁmﬁm other
epoxide-reactive species contained in the curable composition (g_uc as other hydroxyl groups, amine
bt g e

groups, phenollEERGISeRHIRODNBNYrou s iR grdaiathindnsgiiéchcid gholps he like).
Examples of ca&igﬂgg%ggggaitiatgqﬁqmﬁgugﬁﬂ%[y@dqﬁméaﬁﬁo%?&pmﬁﬁéﬁu|foﬂi§1'ﬂ1é<'éﬂﬁt

aROr
example, a diaryliodonium salt ty e&c;‘f Ehotoinitiator is available from Ciba-Geigy under the trade
13

designation IRGHEEEHE 20 ti-& ROl per ettt Giangy afil HRSTRPRENEIRN Chemical
Company as CY¥RAGLHEI§993i0hbe calignic.phatainitiator fnayabeddsed iha aaticathigifective
amount, and may constitute up to ,about 10 weight percent of the curable composition

[0059]CATAL YEPETE0 GBI HiE Alainoiesh EARRT ARG B RIEd B profibe i Baction

between the ep@etdgsitniompanent adichtheaptolinshagentoubssdiier, dndludinghdieyatidimmide and
the phenolic halrédener degctrj(bteg gfovei.Cataly%s mz%ir][clu eal V\éiS aci ifor. example boron
trifluoride, conv aﬁ?@ﬁﬂifsgssé Q&fvVaTVE WIth an amine such as Iﬁlﬁ’enal%rgcgrc n?efhrﬁ 3ﬂ1y?gﬁ1nlﬁe.
Catalysts may &isde hmbic, msuchramotditedahipleyantimidagoleldoan-dmititiQihen ddtalysts may

include other metal hal wis acids, includi tannj i [ ride, jke, metal
carboxylate-sal%ﬁgﬂcgﬁ%%&si%}lozb%gggg%ﬁg a%(t?heq ﬁgﬁ%@%ﬁgﬁn&%ﬁ%ﬁ%;%Fr%’é%ﬁ%%rhinomethyl
phenol; and anlinlegestririsuiddtridanaiessnidathele hiteivalivkis, dngrehetikéng[0b8L}:Tkiidry amine
catalysts are d%%ﬁ'iﬁ‘?ﬂd@k%ﬂg RiE1dRM o PASRLND-o2eie. 989 dBRAIRRA G De g Ry fipference.

lllustrative tertiary amines include methyldiethanolamine, triethanolamine, diethylaminopropylamine,
benzyldimethylagdiiien 1-SopRerraiIBTRaips saekine DI, Nrsd ph &y pipeapseationibaelry sy eolidine,

N-methyl hydroxypipegidine, &l'N'%Mfﬁ?éf@dﬁﬁm}(gq&%mémnebi%rcaptoalkyl) disulfide,

2009/070488PCT/US2008/084161 pentamethyldiethylenetriamine, tributyl amine, trimethyl amine,

diethyldecyl anfidioafiylsHE I deaisimeraniaeiRgisRdidholine, N,N,N'N"-tetramethyl propane diamine,
N-methyl piperigiags N dk-dimeaduslsdndrcapipesidian) propane, piidciagadishine like. Othehtertiary

amines include_1,8-diazobicyclp[5.4.0]u

. dec-7- 8. . L
diazabicyclo[z.@}Q(R%ﬁ’é?ﬁzﬂm%ﬁ@a}ﬂ%ﬁ%(éi}ﬁgi%zsé}ﬂmﬁ(/%qfﬁﬁ%%%ﬂﬁ)efhmdlgiywhc acid

bis(mercaptoalkyl ester), thiodipropionic acid bis(2-mercaptoalkyl ester), 4,4-
thiobutyric acid bis(2-mercaptoalkyl ester), 3,4-thiophenedithiol, bismuththiol and
2,5-dimercapto-1,3,4-thiadiazol.

[6055] The curing agent may also be a nucleophilic substance such as an aming, a
tertiary phosphine, a quaternary ammonium salt with a nucleophilic anion, a
quaternary phosphonium salt with a nucleophilic anion, an imidazole, a tertiary
arsenium salt with a nucleophilic anion, and a {ertiary sulfonium salt with a
nucleophilic anion.

[0056] Aliphatic polyamines that are modified by adduction with epoxy resins,
acrylonitrile, or (meth)acrylates may also be utilized as curing agents. In addition,
various Mannich bases can be used. Aromatic amines wherein the amine groups are
directly attached to the aromatic ring may also be used.

[6057} Quaternary ammonium salts with a nucleophilic anion useful as a curing agent

in embodiments disclosed herein may include tetraethyl ammonium chloride,
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triethyl amine and 2,4,6-tris(dimethylaminomethyl)phenol. [0062]FLAME RETARDANT ADDITIVES
[0063]As described above, the resin compositions described herein may be used in formulations that

contain brorwa%g!%gggon-brominated flame retardants. Specific examg}g%mg%?%g %qd additives
A-diglyci

include tetrabromobisphenol A (TBBA) and materials derived therefrom: dyl ether,
reaction products of bisphenol A or TBBA with TBBA-diglycidyl ether, and reaction products of
bisphenol A dig]

cidyl ether with TBBA. [0064]Non-brominated flame retardants include the various
materials dernv ey TR P D A o SRA TG, AR FFORBE By COER e
DOPhydroquinenexdnfa(?', b-atibid raxyyihemgth)do, ainreliltypadroaSide aNIND d jplnas pipgplietisinthrene
10-oxide), condce S%Eé)n ﬁr_odet,éﬁt? of.%%P With@{ﬁ@é{' %_%eq%i\_/gti\ﬁ?sr (g)f noyolacs, %rllglri(r?\_organic
flame retardantS’SUch as aluminam y‘c’llrréltep and aluminum P ospﬁlnl e.p[%rﬂ)(ggﬁjﬁ’ﬁ AL
ADDITIVES [0086{ntrdablegenditidomdsendtrapibsitions disclosed herein may optionally include
conventiqggkgdiives,ang flers, addilves and fllys ma include, for examele, oihey flame
retardants, boric acid, silica, glass, ?afc, meta?pow ers, titanium d%m e, wetting aéen?s, pigments,
coloring agentsCaitsidi¢elprteinijiatns; coabidleg egaptsnin Hedvéngerpokty slailizerssiéxibilizing
agents, tougheni ]qgggﬁ% [fyi 3060 IS it [ SO, ] med silica,
aggregates suc%ga% glass ﬁ%‘%ﬁgﬁgg}%ﬁuorloetﬁ%@égéﬁ%ﬂg{%%%ﬁ%g%Jr%%%%%,%ﬁrénoIic
resins, graphite? §fIgBigeRgrcaifithay Aotasive BryRebrnsAstenityaciucisusiage s wsonom nitride,

mica, nucleating;agenis a8 stabHizets /M Pauathers.Fillatmrnd.edifiers may bepreheated to

drive off moisture prior to addition to the epoxy resin composition. Additionally, these optional additives
may have an effE&RSHOR tRE BPOHIIIE Bithe iR HdtoRReiRg Pasies comtinethdisHsuld be

taken into accopiawiBedAgsBaMIBHNRINECUNRESHIRBNGIBe desinad reaclionRiadictsfelsable WO
2009/070488PCT/US2 08/0 4161 compositions disclosed herein may also optignally contain other

additives of a gBIEFARGE SFRARGREY FCHRT G FOPRErAPIE 2Le4BRiZRILhE Hiss) orEEHIPISE inorganic
additives, pigmentaitivsidiphoagantstcliondnddifipiylibibhight bioekesrand flugsseesiiadditives. These
additives may be present in.amounts of from 0 to 5 weight- percent in s bodiments, and less
than 3 weight pee}ﬁgélﬁ Ch DR SdRe .@%%PES@%‘?&%@%%WE&% I%égﬁ" Pfbed in U.S.
Patent No. 5,066,085 1antt4d € d¢kl 206/ (R GIBAUIDGFIOrgatiarstivkotbumayfeephisad:iiti some
embodiments, including.ketanes, such as.meth hyl ketone o] ers, such as propylene
glycol methyl et eér%,}gén %%gﬁbls, %ﬁ%w%%rg ﬁ%r%?%‘ﬁ Lonie %Eggggﬁté%?hoﬁgﬁgg%}scof higher
molecular weighhotelaiiasty noy-belatitd noncaidphally pdéfyoisccardootitearebmay- @nstitute up
isocyanato-rea%i\é%:{j{qmmypgllggnpgﬁﬁgguggg%ﬁﬂmtsqtiso%rve as plasticizers in the curable and

thermoset compositions disclosed herein.
[6059] CATALYSTS

10060] In some embodiments, a catalyst may be used to promote the reaction between
the epoxy resin component and the curing agent or hardener, including dicyandiamide
and the phenolic hardener described above. Catalysts may include a Lewis acid, for
example boron trifluoride, conveniently as a derivative with an amine such as
piperidine or methyl ethylamine. Catalysts may also be basic, such as, for example,
an imidazole or an amine. Other catalysts may include other metal halide Lewis
acids, including stannic chloride, zinc chloride, and the like, metal carboxylate-salts,
such as stannous octoate and the like; benzyl dimethylamine; dimethyl aminomethyl
phenol; and amines, such as triethylamine, imidazole derivatives, and the like.

[0061] Tertiary amine catalysts are described, for example, in U.S. Patent No.
5,385,990, incorporated herein by reference. IHiustrative tertiary amines include
methyldiethanolamine, triethanolamine, diethylaminopropylamine, benzyldimethyl
amine, m-xylylenedi(dimethylamine), N,N'-dimethylpiperazine, N-methylpyrolidine,
N-methyl hydroxypiperidine, N,N,N'N'-tetramethyldiaminoethane, N,N,N',N'N'-
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[0068]CURABLE COMPOSITIONS [0069]Hardener compositions may be formed by combining a
phosphorus-containing phenolic hardener or solution thereof with dicyandiamide, as described above.

Curable comppsitiops dgscribed herein may be formed by combining an gRoptdHsiandthe hardener
composition, along with additional hardeners, additives, catalysts, and other optional components. For

example, in some embodiments, a curable composition may be formed by admixing an epoxy resin

composition and a dic lamide hardener compeosition, wit Sty xture. The
proportions of %ee%éimm%{(ﬁnr%lseli\ﬂ%ﬁa% Iglﬁhl}%e%l%}l%a%/m 8%:%%5\9?#&1%%%%# %%%gg%%r%l(ﬁ esired in
the curable cormpdsyiiere dizune) Sempbgitiorpholive.frddidalehemnebirbprepecréispunsd of the

composition, and desjred sto _stahility; of the i1 ir life). Jp.othear
embodiments, 3’%%%9@? é[?? o%ﬁ Ea@%ﬁr% elﬂé%/lncwib%gti%?égrﬁg?{ ign%l}ljﬁdgéﬁ%hzgﬁ&n%grﬁaf t{rl?g glt]e&'s of
forming an epofheesin ‘srtpapolyamsnasompesitien, abifridiekpbielelpdadidimiehiarersher, bdmixing
aqdiional hardeneisey aafaly gy ing il ekadaNteand admpiog RSy L0 In some

embodiments, the epoXy resin may be present in the curable composition in an amount ranging from

0.1 to 99 weigHrigdrdernizetrrd A fobieiHdimstsrimarngmsthebehsasbiments, the epoxy composition
may ra?r?ﬁ%%n 0.1 ta:pQ WeighiPLIGS ANGF KB SHrRlpte; composition; from 15 to 45 weight percent in
bodime

other e nts; and from 25 to 40 weight percent in yet other embodiments. In other WO

2009/07 0¥EH C T/US2608/98ibed 12beibothnTesin corBRopitig e SRseEBRIOACHR Y RIS R 3D to 99
weight percent gf tha £1able.C ARSI ILRH{FRBPM ORI WRigl AelcRahivothesRMbogisgats; from

60 to 95 weight percent in other embodiments; and from 70 to 90 weight percent in yet other

embodiments. FY@wDies sefnbremingihh sdditizes ainelidimpiabinmeoRisghmatide b @40 to about

98 volume percapapRcReNHarothes erppodimeantsd Aurakle rearipasitians e efbiashede] 65 to 95

volume percent epoxy resin; from 70 tq 90 volume percent epoxy resin in other.embodiments; from 30
to 65 volume p&FcartepoXyiteshPiis glrycgfggo& éntgf‘%n{%f: 46%'}%65\/&% g%&an%epoxy

resin in yet othgigpahdigtentsi{00B2M. some embodiments, dicyandiamide - phenolic hardener
mixture may be present in the curabje composition in,a ount ranging from 0.Q1 .we'g%)t ercent to
60 weigﬂpgé%ent. In OYREPESIY g’ﬁ%@tﬁ@%@%&ff@ﬁ?&ﬂﬁ%y&éﬁgﬁ g%%?fb%% aﬁgﬂ‘f%!e Sf8sent in an
amount rangingipem Qo)1 ddightipssced-i@-Fhwpighhaeraanindrormisideightercent 0D weight
percent in other embodiments; and from 1 to ight.percent in yetother embodiments, [0073]In
some embodini@’r%qglggfﬁyst may be preseit?lor\{'\(%’g b%rgg%g)?@r%plgsl t%wr?qnggh (z%r%ouon arééging from
0.01 weight penslenpiaiierueilidneet bentide),othedenmabodipredisizhe da@ilysttngyybelgresent in an
amount ranging,from. 0.1 weight percent to 8 weij reent: from Q. sweight percent:to, 6 weight
percent in othe%l%rﬁ){ %&?rsngﬁtlgs{?‘;é}ri:%f Foarrﬁdﬁ?grﬁa?/{v%&%%er%ﬁt% yet other emblodimeln%. [0074] In a
class of embodanéatsnéumabldephiposition described herein may include: 30 to 99 weight percent of

an epox i, 0.01t ight.p iedandiamide, 1 to 40 weight percent of the
¥§6aE} 001 (@B eianl pRispr i

phosphorus-containing p ner; and O to 30 weight percent of a solvent comprising at least
one of afiMlé6hol, a k&tonblamtialyiyoobethemnokiciasin divs nsid hepdrcaaiagpéogribninslidaised on

the combined waight of inf RAARGUS RRATdanst: e diava0daMmigRNGSPRORS fbraddiifjgesolvent.

other flame retardants, boric acid, silica, glass, talc, metal powders, titanium dioxide,
wetting agents, pigments, coloring agents, mold release agents, coupling agents, ion
scavengers, UV stabilizers, flexibilizing agents, toughening agents, and tackifying
agents. Additives and fillers may also include fumed silica, aggregates such as glass
beads, polytetrafluoroethylene, polyol resins, polyester resins, phenolic resins,
graphite, molybdenum disulfide, abrasive pigments, viscosity reducing agents, boron
nitride, mica, nucleating agents, and stabilizers, among others. Fillers and modifiers
may be preheated to drive off moisture prior to addition to the epoxy resin
composition. Additionally, these optional additives may 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. Curable
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[0075] In some embodiments, additional hardeners may also be admixed with the epoxy compositions
described herein. Variables to consider in selecting additional hardeners and an amount of the

additional hargdepgfgnaysinclude, for example, properties of the resin compe;}@gg(m@&glﬁired
properties of the cured composition (flexibility, electrical properties, etc.), desired cure rates, as well as

the number of reactive groups per hardener molecule, such as the number of active hydrogens in an

WO 2009/070488PCT/US2008/084161 amine. The amount of additional hardener, used may vary from
0.1 to 150 partSPEPHEHLR E&%ﬁ’isﬁ?@%ﬁ‘&git%ﬁ? W%@L&( ﬁ?g&lﬁe%%%o%%%‘ié. (;’? (%her

embodiments, thaadilitienalbaidesietypayndudse foranamplant sabijingdronthdr te:@amiarts per
hundred parts resin compgsition, by weight; the hardenerynay be,ysed in.an. nf ranging from 2.5
10.90 parts per FTRETEA P oL B DS P B A SRk e s to 65
parts per hundrdopadtsntesiditeespoShisa, didineightan et misenteinbodiments! 00T6{Corable
compositions may: also include.from about,0.1.to aho Ilmg r ptional .addifi in some
embodiments. Iﬁég% Er %%Clt%%i%e% g}%ﬁ%%?é’é)cr%gbgk%%g%nay |n2ﬁ,§/e% Y#%?nﬁ g?(?é% (ﬁ.‘lg%%ibout 5
volume percentoidinatriddiifes et dfowitableuaddlis tosao R Sicasiibed petédnteptivndt.additives

in yet other emRqgliments, 004 F15YRasBfY&s [0078]The curable compositions described above may

be disposed on & substrate and cured. The substrate is not subject to particular limitation. As such,
substratd@#0@) includengretialsobisots asasthinisss Sicoimirembedehasthpeeluding keioatansiehm, alumite

and the like; allgy%g{}gm%%m%&@t}Qﬁﬁi%wig@l% Rlated \M,Hb?lléﬁg %ﬁéﬁﬁ&,{%@gmd sheets

of such metals. Substrates may also include polymers, glass, and various as, for example,
carbon/graphiteéiiorlsiehalsamzchatinintipansiddngiass siebrdieniiadeingigpmaeus pERERS (1) or C
glass; and silicop,carhidesRigilicamgaridpfkeianenaiiar s Rium e RMneial.gya{labje fibers

may include: organic fibers, such as ICEVLAR from DuPont; aluminum oxide-containing fibers, such

as NEXTEL fibdTechepiarraciicot Bansidasinie bersdadfidreiadoi 175vA AiBSHEEarbBhEnd silicon

carbide fibers capaiRingditapidnRestniRsilinRERANGdHRdMme. In particular embodiments, the
curable compaositions maé be used to foul, at least a portion of a circuit board or a printed circuit board.

In some E#f} %]dimentsc, t%%%@%ﬁed with a compatibilizer to improve the adhesion of

the curalpygorured cRERGRIiepHR EE Subsiate DT GPMROSITES ANRHeRAIERning
STRUCTURES [0080]In, some embodiments, compo;Jltgas may b& formed by curing the curable
t

compositions dRMBEEY BEFSACInGHReI Eitbd i 180 H %I RIEADSY A58ing a
curable compogitiesble @sibsitiaie descrdiefdicing majesiakosuet B$ bymbining an epoxy resin

and the hardener composition, along with additional hardeners, additives, catalysts,
and other optional components. For example, in some embodiments, a curable
composition may be formed by admixing an epoxy resin composition and a
dicyandiamide hardener composition, without a catalyst, to form a mixture. The
proportions of the epoxy resin and the hardener may depend, in part, upon the
properties desired in the curable composition or cured compositions to be produced,
the desired cure response of the composition, and the desired storage stability of the
composition (desired shelf life). In other embodiments, a process to form a curable
composition may include one or more of the steps of forming an epoxy resin or
prepolymer composition, admixing a dicyandiamide hardener, admixing additional
hardeners or catalysts, admixing a flame retardant, and admixing additives.

[6076] In some embodiments, the epoxy resin may be present in the curable
‘composition in an amount ranging from 0.1 to 99 weight percent of the curable
composition. In other embodiments, the epoxy composition may range from 0.1 to 50
weight percent of the curable composition; from 15 to 45 weight percent in other

embodiments; and from 25 to 40 weight percent in yet other embodiments. In other
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WO 2009/070488PCT/US2008/084161 impregnating or coating the substrate: or reinforcing material,
and curing the curable composition. [0081]The above described curable compositions may be in the

form of a pQyugeh,siinesOr a liquid. After a curable composition has beengpragussdsas gescribed
above, it may be disposed on, in, or between the above described substrates, before, during, or after

cure of the curable composition. [0082]For example, a composite may be formed by coating a

substrate with a curable composition. Coating.ma ormed.hy. vag n¢luding
spray coating, gﬂrﬁg?ﬁlﬁ%&stoa&ti%qxgo%%mab\%% 0%%(%? (x%%%f@%ﬁ%??ﬁ%ﬁé %gﬁlsgﬁgcfo%g%ng, and
dipping or immevsibte coatirgitjoasBiim VArio RO evisbdipserery, hetbebenhedimanythdiomddlsyer or

multiayer. FOLSOBle JRSKISUAIR AN AGATRAS'E o lays Ak ieured palvmeric

article, and a metal-cGated polymer, among others, for example. In other various embodirhents, one or
more layers of tiiecearisidiesaiposition may be disposed on or in a substrate. Other multi-layer

composifggrigrmed bivadouissenkinalions. el RIS IRYRLART UARHERMARSINa Igyers are
also envisaged herein. [0084] In some embodiments, h

. e heating of the curable composition may be
localized, such#Reb 3/ FRIwIe PEEHEBPEY tERITerdbuPE S ARTHOCINGR S S¥Eally eRANSIEOMS other

embodiments, the hgating maydnsiudsigatingche spbisirateiangdhe tHiable cAMRRSHL et

[0085]Curing of the curable compositions disclosed herein may require a temperature of at least about
30C, up to abofPPSOESLIRABIEHINMGIES Hom HblarE O EReP SR RSSO S5 5tion,

hardener, and eatphgindhisseshdn pirer smbedignentiusiding 0aay Qeeuy ataitempeyaturgef at least
100C, for periods of minutes up to hours. Post-treatments may be used as well, such post-treatments
ordinarily being XRHHPBE Stures between about 100C and 200C. [0086]In some embodiments, curing

may be iRy to prevenie hissiEniagingefonrdxamdple, phchiliesieniingfanapesioshpigime at a
temperature followed by curing ar a period of time at a higher temperatur Staggg curing may include
two or more cuﬂiﬁeé?t“a‘é‘etgf’ MRS CBRITERR AR SHPEPA ARS8 ISR SO EBRERFT S

embodiments, g0dbiibvpabent UH0Eh ethissdimbnslitheisyandiamide hardener solutions may
be present in an amount ranging from 0.1 weight percent to 55 weight percent; from
0.5 weight percent to 50 weight percent in other embodiments; and from 1 to 45
weight percent in yet other embodiments.

(0073} In some embodiments, a catalyst may be present in the curable composition in
an amount ranging from 0.01 weight percent to 10 weight percent. In other
embodiments, the catalyst may be present in an amount ranging from (.1 weight
percent to 8 weight percent; from 0.5 weight percent to 6 weight percent in other
embodiments; and from 1 to 4 weight percent in yet other embodiments.

[0074] In a class of embodiments, curable composition described herein may include:
30 to 99 weight percent of an epoxy resin, 0.01 to 5 weight percent dicyandiamide; 1
to 40 weight percent of the phosphorus-containing phenolic hardener; and 0 to 30
weight percent of a solvent comprising at least one of an alcohol, a ketone, and a
glycol ether; wherein the weight percentages given are based on the combined weight
of the phenolic hardener, the dicyandiamide, the epoxy resin, and the solvent.

[0075] In some embodiments, additional hardeners may also be admixed with the
epoxy compositions described herein. Variables to consider in selecting additional
hardeners and an amount of the additional hardener may include, for example,
properties of the resin composition, the desired properties of the cured composition
(flexibility, electrical properties, etc.), desired cure rates, as well as the number of

reactive groups per hardener molecule, such as the number of active hydrogens in an
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[0087]In some embodiments, curing temperatures may range from a lower limit of 30C, 40C, 50C,
60C, 70C, 80C, 90C, 100C, 110C, 120C, 130C, 140C, WO 20091070488PCT1US20081084161 150C,
160C, 170C a5 153@ftsan upper limit of 250C, 240C, 230C, 220C, 210C, ;200641 8064:L80C, 170C,
160C, where the range may be from any lower limit to any upper limit. [0088]The curable compositions
and composites described herein may be useful as adhesives, structural and electrical laminates,

coatings, castings, glruglures (91,119 ASoeRIFGINAYSITY. andas clicul hoards anlfhg ke for the
electronics industry, among other applica positions

ions. The curable co isclose I?ereir?erlﬁay also be
used in electrichhndnerisipess errshpswiaptsisemibynduwtebis, igeners rewlbidinsowderk) fiddrerent wound

pipe, storage (g, el {OGRURRSHAALERAIASIMESINAN! fPatiagRARINa QTS Insglected

embodiments, the curable éomposmons_ described herein may be useful in't rmation of resin
coated foils, sirifEp REIHEHErad PRISTFRIEH JPPSSi it Neigbt4the Bartiepgiismistnesegorated herein

by reference. [%%%Mﬂdﬁgﬁdgmﬁsﬁ@%t%%ﬁ%&%&%&l BRI D EOTHRASHES,CRRIEHING the

epoxy-based compositions disclosed herein. For example, filament winding, solvent prepregging, and

pultrusion are typRAFHFRSERePEHIIdIRE hivBRRARERSHEURSAC JEES Fetim SHmP5EigEelly Moreover,

fibers in the forgeaithundiesdmay heveaatrRdwith the uncured epoxy resin composition, laid up as by
filament winding, and cured to form a composite. [0090]The epoxy resin compositions and composites

describetPfdfdin may%?@%f%%%@%?ﬁﬁ%fﬁ%%&%@éf&ﬁl Palmip slevtcfhiiqganeastings,

structures for theReroHEBINAdaI 8 SiEiCHi-DoRkdAGhine e iaethendlasieniss depsry, as well
as for the formation of skis, ski poles, fishi g&éc;%;sﬁwatlg@ othera%utdoor sports equipment. The epoxy
I

compositions dRETRSSH ARt ePhdA CtriCaRPaRhishe® @REapRHHtptional
semiconductorsdginesalambiging pauders, dhlamemntifousipip peistoiagaiankadievssiar pesmps, and
corrosion resistant coatings, among others. [0091]JEXAMPLES [0092]Sample 1 [0093]A
phosphorus-coﬁ %fﬁi?fa SRENE hardener solution is produced as follows.

10077] SUBSTRATES

[0078] The curable compositions described above may be disposed on a substrate and
" cured. The substrate is not subject to particular imitation. As such, substrates may
include metals, such as stainless steel, iron, steel, copper, zine, tin, aluminum, alumite

and the like; alloys of such metals, and sheets which are plated with such metals and
laminated sheets of such metals. Substrates may also include polymers, glass, and

various fibers, such as, for example, carbon/graphite; boron; quartz; aluminum oxide;

glass such as E glass, S glass, S-2 GLASS® or C glass; and silicon carbide or silicon
carbide fibers containing titanium. Commercially available fibers may include:
organic fibers, such as KEVLAR from DuPont; aluminum oxide-containing fibers,
such as NEXTEL fibers from 3M; silicon carbide fibers, such as NICALON from
Nippon Carbon; and silicon carbide fibers containing titanium, such as TYRRANQ
from Ube. In particular embodiments, the curable compositions may be used to form
at least a portion of a circuit board or a printed circuit board, In some embodiments,
the substrate may be coated with a compatibilizer to improve the adhesion of the
curable or cured composition to the substrate.

[0079] COMPOSITES AND COATED STRUCTURES

[0080] In some embodiments, composites may be formed by curing the curable
compositions disclosed herein. In other embodiments, composites may be formed by

applying a curable composition to a substrate or a reinforcing material, such as by
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580 g of DOP (9,10-dihydro-9-oxa-10-phosphaphenanthrene 10-oxide) and 560 g of PHENODUR PR
411 are mixed together and are charged to a 1-liter glass reactor equipped with a mechanical stirrer

and a heatiggjagkel,@id fined with a nitrogen gas inlet, a condenser andpg-$Rl¥aRkBQNRSIOr- The
mixture is heated step-wise from room temperature to about 150C to allow controllable evaporation of

butanol, which is WO 2009/070488PCT/US2008/084161 collected in the solvent collector. The

reaction mixtu f?,é%é%?é;ﬁ?ég&c}é%% {BE AboUR NS H G SR IGE G D candensale spulanah.and

DOWANOL PM 1d he reactor to cool the reactor contents to about 60C and to dilute
the reaction mixtur@esiadibut 55 weight percent solids. 10094]Hardener solution A is prepared by

dissolvinggef parts o devandianide;in. P60 s Al e phenalic Berdeneraaltion kg iemperature

of 40C. xture is agitated for at least 60 minutes at 60C until a homogeneous solution is

obtained. The sWitiorPis ahédiibolédies Poewratdmpernaersion dgringan Brefskedn omeguadsts solution.
[0095]A curablecarpesiignys feRdarmed HYoplending, 6R:3:8aits Rthardenersaiiopefwith 3.15

parts of a boric acid solution (20 Weri%gtt percent boric acid in methanol), 8 parts of a 2-phenylimidazole
solution (20 wefiFitigerEciics ShEriAtiRsRERbIS SARUT$IEParts of a phenol epoxy novolac (85 weight

percent g (1) 438 Fbp sighkpeeaniRQUANELLRMPb joRRmRMRSIAE (DR2 GBI esulting I

a homogeneous solution. The gel time of the resulting curable composition at 170C is 214 seconds, as
determined by S¥HRSKE Cire feAHBE BiFh By RETFEMSGED 8BS ISR HE MBI BERaVERBY 2.3.18.

[0096]Comparatsgiarpiiaih 0O /dbiarsieneaaliam B isolrepake by, dissaiMng &4, iaitghof
dicyandiamide in 9.6 parts of dimethylformamide (DMF) at a temperature of 40C. The mixture is
agitated for 30 <4 B A ¥bB18H Fesulting in a clear, homogeneous solution, having

20 weighopgajent soligs weitentnsiddiamnieMmpe sabue {00981k csableyeo mippsitionysthearformed by

blending 12 parts of hardener, solution B with 3.15 parts qf a boyjc acid sol|ution (2Q weight percent
porc Atk n AR, S HSBES T38% BSOS SO 15t bRt ST etnano)

and 74.6 parts eftklphand| £ poyiroxeiae(BmesighioperceintR). FoNefH4pR, 1nweightyaekesnt
DOWANOL PM) at room temperature fqr 2 ho resu tiln ina homo%aneé)ug.solutgpn. The gel time of
3%1 Seqi gy be a1

the resulting cur & é%l%né%s?l 6Rat 1708 & Secon Bﬁggﬁ}%%ous propes BEOF e urable
compositions (Sasaplerdtand@benpardtivieyer composites, formed by various combinations of

substrate layers and curable composition layers are also envisaged herein.

[0084] In some embodiments, the heating of the curable composition may 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 curable composition.

{0085} Curing of the curable compositions disclosed herein may require a temperature
of at least about 30°C, up to about 250°C, for periods of minutes up to hours,
depending on the resin composition, hardener, and catalyst, if used. In other
embodiments, curing may occur at a temperature of at least 100°C, for periods of
minutes up to hours. Post-treatments may be used as well, such post-treatments
ordinarily being at temperatures between about 100°C and 200°C.

[0086] In some embodiments, curing may be staged to prevent exotherms. Staging,
for example, includes curing for a period of time at a temperature followed by curing
for a 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.

[0087] In some embodiments, curing temperatures may 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,
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Sample 1) and laminates produced from the curable compositions are measured, including prepreg gel
time, minimum melt viscosity, glass transition temperature (Tg), degradation temperature (TO, T 288,

and UL 94 ra;{pggég%%m@es are produced by WO 2009/070488PCT/US?‘Q?§(§%%%‘182 Brﬁqssing 8

layers of prepregs with 2 outer layers of copper foil at 200C for 90 minutes. ass transition
temperature is measured using differential scanning calorimetry (DSC) using IPC Method IPC-TM-650

2.4.25. Degradatigntemperature.is measused, using thermal.gravi ic Sis, LT, é)%s}(y ere the
degradation te%%%%tu@is@eﬁﬁr%d%ﬁ é‘t}o%vdé?gﬁ%c}g)se roIF egampe éczc?{)bralﬁgié I‘g ethod
IPC-TM-650 2.210%#®, 2HiAG,d termiBeiayiieitc HiBlyzehTahy rigs TR8Disithm aripitowean time
required for the#gﬂi&ag%ﬂ%ﬁ)%@ﬁ degrade, and is measured according to IPC Method IPC-TM-650
2.4.24.1 using Thermo-mechanical Analyzer (TMA) at 10C/min in air. The melt viscosity is measured

accordinffftfje ASTMIDuGahiethodpgsitigrareEbracinasdice mrﬁiadeM@@'mmemhe'ﬁmfp}@Qerties of
the curable Cor%ﬁﬁé&%@,s QG ETPAE LR ARle A TARE LoRaiBPle kGNPRIAINESPRR 1 Prepreg

gel time, seconds 110
aerospace industry, and as circuit boards and the like for the electronics industry,

among other applications. The curable compositions disclosed herein may also be
used in electrical vamishes, encapsulants, semiconductors, general molding powders,
filament wound pipe, storage tanks, liners for pumps, and corrosion resistant coatings,
among others. In selected embodiments, the curable compositions described herein
may be useful in the formation of resin coated foils, similar to those as described in
U.S. Patent No. 6,432,541, which is incorporated herein by reference.

{0089} Various processing techniques can be used to form composites containing the
epoxy-based compositions disclosed herein. For example, filament winding, solvent
prepregging, and pulirusion are typical processing techniques in which the uncuored
epoxy resin may be used. Moreover, fibers in the form of bundles may be coated with
the uncured epoxy resin composition, laid up as by filament winding, and cured to
form a composite.

[0690] The epoxy resin compositions and composites described herein may be useful
as adhesives, structural and electrical laminates, coatings, castings, structures for the
acrospace industry, as circuit boards and the like for the electronics industry, as well
as for the formation of skis, ski poles, fishing rods, and other outdoor sports
equipment. The epoxy compositions disclosed herein may also be used in electrical
varnishes, encapsulants, semiconductors, general molding powders, filament wound

pipe, storage tanks, liners for pumps, and corrosion resistant coatings, among others.

[0091] EXAMPLES
[0092] Sample 1
[0093] A phosphorus-containing phenolic hardener solution is produced as follows.

580 g of DOP (9,10-dihydro-9-oxa-10-phosphaphenanthrene 10-oxide) and 560 g of
PHENCDUR PR 411 are mixed together and are charged to a 1-liter glass reactor
equipped with a mechanical stirrer and a heating jacket, and fitted with a nitrogen gas
inlet, a condenser and a solvent collector. The mixture is heated step-wise from room

temperature to about 150°C to allow controllable evaporation of butanol, which is
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186 Minimum Melt Viscosity measured at 140C, Pa-s 146 3 Laminate Performance TR, C 180 175
Td at 5% weight loss, C 373 373 T 288, minutes

WO 2009/670488 PCT/AIR2008/084161

collected in the solvent collector. The reaction mixture is then kept at 150°C for
about 5 hours. The collected condensate (butanol) and DOWANOL PM are added
slowly to the reactor to cool the reactor contents to about 60°C and to dilute the
reaction mixture to about 55 weight percent solids.

[6094] Hardener solution A is prepared by dissolving 2.4 parts of dicyandiamide in
66.9 parts of the phenolic hardener solution at a temperature of 40°C. The mixture is
agitated for at least 60 minutes at 60°C until a homogeneous solution is obtained. The
solution is then cooled to room temperature, resulting in a clear, homogeneous
solution.

[06095] A curable composition is then formed by blending 69.3 parts of hardener
solution A with 3.15 parts of a boric acid solution (20 weight percent boric acid in
methanol), 8 parts of a 2-phenylimidazole solution (20 weight percent solid in
methanol) and 74.6 parts of a phenol epoxy novolac (85 weight percent D.E.N,® 438,
15 weight percent DOWANOL PM) at room temperature for 2 hours, resulting in a
homogeneous solution. The gel time of the resulting curable composition at 170°C is
214 seconds, as determined by a stroke cure method on a 171°C hot plate based on
IPC method IPC-TM-650 2.3.18.

[6096] Comparative Sample 1

10097] Hardener solution B is prepared by dissolving 2.4 parts of dicyandiamide in
9.6 parts of dimethylformamide (DMF) at a temperature of 40°C. The mixture is
agitated for 30 minutes at temperature, and cooled, resulting in a clear, homogeneous
solution, having 20 weight percent solids content, at room temperature.

[0098] A curable composition is then formed by blending 12 parts of hardener
solution B with 3.15 parts of a boric acid solution (20 weight percent boric acid in
methanol), 8 parts of a 2-phenylimidazole solution (20 weight percent solid in
methanol) and 74.6 parts of a phenol epoxy novolac (85 weight percent D.E.N.® 438,
15 weight percent DOWANOL PM) at room temperature for 2 hours, resulting in a
hbmogeneous solution. The gel time of the resulting curable composition at 170°C is
233 seconds.

[0099] Various properties of the curable compositions (Sample 1 and Comparative
Sample 1) and laminates produced from the curable compositions are measured,
including prepreg gel time, minimum melt viscosity, glass transition temperature (1),

degradation temperature (Tq), T 288, and UL 94 rating. Laminates are produced by
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> 60 > 60 UL 94 Vo Vo [00101]As illustrated by the results in Table 1, curable compositions having
acceptable properties may be formed using dicyandiamide without DMF. In addition, laminates formed
from Samplghhaygd.gher glass transition temperature than Sample 2, pessiblykesulting from
residual DMF solvent in the prepreg, resulting in a plasticizing effect in the cured compaosition.
[00102]As described above, epoxy resin compositions disclosed herein may include dicyandiamide as

a curing agent, where thie solvent.used for the dicyandiarnide ingludes a phos -contginin
phenolic hardeR&T ora %o‘l%?ﬁeorﬁ 8% & rﬁﬁf)esggh‘g%g%-%oon taelrnlfﬁ eﬁ%éﬁg‘i?@ %%r(%qrfearg %Hcéh%ectggx%a:es?n
compositions nmapesvide an alternative to using solvents such as DMF, NMP, DMSO, and other toxic
solvent, Eﬁﬂ?dﬁ‘j‘””g paint Soh{%‘s‘é 2 QST eglyente not suitable ‘i?s’i#seél%f%fé%&?“%@s Wﬁlgre low
residual Solvent is desired: These €poxy resin composifpons may be Used to form curable mpositions
and thermoset compuositio3$€licisiag IBCULetime I EREHEM1aMIZate. cDagrgsticortpusitetirelectronics
encapsulation, and in circui 8 /0 0

applications. Al va%%gggﬁsﬁ%%ﬁ%ﬁn%n%%?ﬁ%%%d%%%}l(# ﬁ%%%rb\%%% raé)pMé%%%L? Oél rmoset

compositions, fsmpstifioem sHeaedisd cBnipo shtigis, laticvé thee shaplsoxosdinpbsitRin Meshedth a high
decomposition {sERKAatYe2Ne Bighglas AR IHORIRMRE Al e Ageiignatiy. tiegkeithe

compositions may have a viscosity that minimizes at least one of'voids, poor fiber wetting, and poor
prepreg appeafaHéB R cimisaeEy e cBatify, amimds 08384 winildegradsisanssdtemnseriess a limited

number of emboditngAtsidhpse pkiied 1PC-TM-650 2.4.24.1 using Thermo-mechanical Analyzer
(TMA) at 10°C/min in air. The melt viscosity is measured according to the ASTM
D445 method using an Ebrecht cone and plate viscometer. The properties of the

curable compositions are compared in Table 1.

Table 1
Sample 1 | Comparative Sample |
Prepreg gel time, seconds 110 186
Minimum Melt Viscosity measured at 140°C, Pas 146 3
Laminate Performance

Te, °C 180 175

Ty at 5% weight loss, °C 373 373

T 288, minutes > 60 > 60

UL 94 Vo Vo

106101] As illustrated by the results in Table 1, curable compositions having

acceptable properties may be formed using dicyandiamide without DMF. In addition,
laminates formed from Sample 1 have a higher glass transition temperature than
Sample 2, possibly resulting from residual DMF solvent in the prepreg, resulting in a
plasticizing effect in the cured composition.

[60102] As described above, epoxy resin compositions disclosed herein may include
dicyandiamide as a curing agent, where the solvent used for the dicyandiamide
includes a phosphorus-containing phenolic hardener or a solution of a phosphorus-
containing phenolic hardener. Such epoxy resin compositions may provide an
alternative to using solvents such as DMF, NMP, DMSQ, and other toxic solvent,
high boiling point solvents, or other solvents not suitable for use in applications where
low residual solvent is desired. These epoxy resin compositions may be used to form
curable compositions and thermoset compositions, such as for use in electrical

laminates, coatings, composites, electronics encapsulation, and in circuit boards,
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in the art, having benefit of this disclosure, will appreciate that other embodiments may be devised
which do not depart from the scope of the present disclosure. Accordingly, the scope should be limited
only by the gifached-claims. WO 2009/070488PCT/US2008/084161 CLAIMB \Mhatdgglagimed: 1. A
substantially homogeneous solution, comprising: dicyandiamide; and a phenolic hardener having the
general formula: OH R" OH where R' and R" may be the same or different and each represents R- or

ROradicals, with R being an alkyl or aromati¢ radical;: R" is hvdregen, an,alkyl o aromatic radical,
oHaP (O DR 95 R AT s eaty, A B o Al o of
claim 1 further pomidkdsioga\bifeat thomprisingmptsisiondoohad Bloohbk ekatonmpasidenglycol ether.

3. The solution‘%&Iglmezth\é\{%ec@pg%@%gl ﬁm%%sh?gﬂu&@%posiﬁon temperature and a

high glass transition temperature. Additionally, the resin compositions may have a
viscosity that minimizes at least one of voids, poor fiber wetting, and poor prepreg
appearance when used as a coating, filler, etc.

{00103} While the disclosure includes a limited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate that other embodiments
may be devised which do not depart from the scope of the present disclosure.

Accordingly, the scope should be limited only by the attached claims.
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4. The solution of any one of claims 2-3, wherein the ketone comprises methyl ethyl ketone. 5. The
solution of any one of claims 2-4, wherein the glycol ether comprises propylene glycol methyl ether. 6.
The solutiowofamyweasof claims 1-5, further comprising an imidazole catetystisZeoshesselution of any
one of claims 1-6, further comprising at least one additional hardener selected from the group
consisting of a phenol novolac, a bisphenol A novolac, and a cresol novolac. 8. The solution of any
one of claims 2-7, wherein the solution compgigeg T4 60 weight percent of the phenolic hardener; 1
to 20 weight percent of the dicyandiamide; and 5 to 30 weight percent of the solvent; wherein the
weight péfcerisadesgizen are based on the combined weight of the phenolic hardener, the

dicyandiampe,éag}%g%@%%%%@g%ﬁ@%%%mQgﬁigggin omprising the solution of claim 1 and an

epoxy resin. 1 1e curable composition of claim 9, wherein the composition comprises: 30 to 99
weight percent of tHevepdiryideisnd.01 to 5 weight percent of the dicyandiamide; 1 to 40 weight

percent of the phepgic RaOeRREna thving the general formula:
o R" OH

Rl" IR'
/P\
OI R"‘

R™ re
where R* and R” may be the same or different and each represents R- or RO-
radicals, with R being an alkyl or aromatic radical; R’ is hydrogen, an alkyl
or aromatic radical, -CH,P(O)R’R”, or -CH,OR; n is a whole number within
the range from 0 to 100.

2. The solution of claim 1 further comprising a solvent comprising at least one of an
alcohol, a ketone, and a glycol ether.

3. The solution of claim 2, wherein the alcohol comprises a butanol.

4, The solution of any one of claims 2-3, wherein the ketone comprises methyl ethyl
ketone.

5. The solution of any one of claims 2-4, wherein the glycol ether comprises propylene
glycol methyl ether.

6. The solution of any one of claims 1-5, further comprising an imidazole catalyst.

7. The solution of any one of claims 1-6, further comprising at least one additional
hardener selected from the group consisting of a phenol novolac, a bisphenol A
novolac, and a cresol novolac.

8. The solution of any one of claims 2-7, wherein the solution comprises:

1 to 60 weight percent of the phenolic hardener;

1 to 20 weight percent of the dicyandiamide; and

5 to 30 weight percent of the solvent;

wherein the weight percentages given are based on the combined weight of the
phenolic hardener, the dicyandiamide, and the solvent.

9. A curable composition, comprising the solution of claim 1 and an epoxy resin.
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0 to 30 weight percent of a solvent comprising at least one of an alcohol, a ketone, and a glycol ether;
wherein the weight percentages given are based on the combined weight of the phenolic hardener, the
dicyandiamisie, 2e/&pesd/ resin, and the solvent. 11. The composition of @IGiR@RERtIrRE 9-10,
wherein the epoxy resin comprises an epoxy terminated polyoxazolidone-containing compound. 12.
The composition of claim 11, wherein the epoxy temlinated polyoxazolidonecontaining compound

comprises 3 edEtenrahbdtshpbationlyé phkin @ cohepetnteanthagsiiyisosyamnate:compound. 13. A
thermoset resin, c&rggri ing the reaction_product of: an epoxy resin; dicyandiamide; and a phenolic
RSP REIS DR

hardener having t e  BYWhere R and R may be the same or different and

each represents R8.0t RGradigatgerathtRitbndg qamdkyhalearomatic radical; R" is hydrogen, an alkyl or

aromatic radical,_ 9@02§0(QQ§%}I§tR$% n nhﬁo%. Igg 'ﬂéﬁo ixvﬁa(}lfeﬂm%‘r \_/vi_thir.l the range f_rom 0 to 1_00. 14. A
process for forming a dicyandiamidé hardenér composition, comprising: admixing dicyandiamide and a
phenolic hardenerthaviigrbielggeeraitfofmetdyva@HRuDiding at least one of an alcohol, a ketone,
and a glycol ether;
- wherein the weight percentages given are based on the combined weight of the
phenolic hardener, the dicyandiamide, the epoxy resin, and the solvent,
11. The composition of any one of claims 9-10, wherein the epoxy resin comprises an
epoxy terminated polyoxazolidone-containing compound.
12. The composition of claim 11, wherein the epoxy terminated polyoxazolidone-
containing compound comprises a reaction product of a polyepoxide compound and a
polyisocyanate compound.
13. A thermoset resin, comprising the reaction product of:
an epoxy resin;
dicyandiamide; and

a phenolic hardener having the general formula:

OH RIN OH R'
R"l ’
OO
g R
Rﬂ|

o
where R’ and R” may be the same or different and each represents R- or RO-
radicals, with R being an alky! or aromatic radical; R*”’ is hydrogen, an alkyl
or aromatic radical, -CH,P(O)R’R”, or ~CH;OR; n is a whole number within
the range from 0 to 100,
14. A process for forming a dicyandiamide hardener composition, comprising:

admixing dicyandiamide and a phenolic hardener having the general formula:

OH Rm OH '
Rm B
/P\
Of Ru
Rm Ri" n
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where R' and R" may be the same or different and each represents R- or ROradicals, with R being an
alkyl or aromatic radical; R™ is hydrogen, an alkyl or aromatic radical, -CH2P(0)R'R", or -CH20R; n is

a whole nu 5@%%%4%9 range from 0 to 100. 15. The process of claim 1,%,1%?{5

L GRmArising
admixing a solvent comprising at least one of an alcohol, a ketone, and a glycol ether with at least one

of the dicyandiamide and the phenolic hardener. 16. A process for forming a dicyandiamide-containing
curable composition, comprisi gﬁb@dmixi%g ggyandiamig%?andtar%ﬁﬁen lic hardeqer o forg.a hardener
composition, wheré?’rti‘%?g}gh ofic Aafdeherfa¥the §eftrSiTorA2OH B B vier€ R End R" may
be the same or differerddivatkcaith ieprdsents RaydoR btamditatadivill IR Hangydrogdkybaradicdmatic
radical; R" is hydrogen, an alkyl or aromatic,r. @ , -QHZE%OE -CH20R; n is a whole number
within the range from G iﬁ‘@;lgﬁﬁ?g&gi{jﬁ%ﬁa ﬂpoI>{<y Fesim With the ﬁa?déﬁ%? élg%sg%rs‘fﬁ}ct)?r‘%.n
the range from 0 to 100,
15. The process of claim 14, further comprising admixing a solvent comprising at least
one of an alcohol, a ketone, and a glycol ether with at least one of the dicyandiamide
and the phenolic hardener.
16. A process for forming a dicyandiamide-containing curable composition, comprising:
admixing dicyandiamide and a phenolic hardener to form a hardener composition,

wherein the phenolic hardener has the general formula:

OH OH )
RH! JR
SIAOP"

RIH R‘“ A

Rln

where R’ and R” may be the same or different and each represents R- or RO-
radicals, with R being an alkyl or aromatic radical; R*’’ is hydrogen, an alkyl

or aromatic radical, -CH,P(O)R’R”, or -CH,;0R; n is a whole number within
the range from 0 to 100; and

admixing an epoxy resin with the hardener composition.
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