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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
(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 prepreg, or are not suitable for applications
where a 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 W02007011075,
JP2006342217, EP1657972, WO02005118604, JP2005067095, CN1488672, U.S.
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[0008] In other aspects, embodiments disclosed herein relate to curable compositions

including an epoxy resin, dicyandiamide, and phenolic hardeners having the general

formula:

OH Rm OH '
Rlu IR
/P\
O/ Ru
Rm Rlll 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
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radical, -CH,P(O)R’R”, or -CH,OR; n is a whole number within the range from 0 to
100.

[0011] In other aspects, embodiments disclosed herein relate to a process for forming
a dicyandiamide-containing curable composition, the process including: admixing
dicyandiamide and a phenolic hardener to form a hardener composition, wherein the

phenolic hardener has the general formula:
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[0015] The inventor has surprisingly found that it is possible to dissolve

dicyandiamide in such phenolic hardeners without the use of DMF, DMSO, or NMP.

These dicyandiamide solutions may be substantially 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.
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[0020] 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; C4 to Cag
alkyl glycidyl ethers; C, to Cys alkyl-and alkenyl-glycidyl esters; C; to Cys 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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etc. Non-limting exanples of suitable epoxy resins

may i nclude cresol novol ac epoxy resin, phenolic
woewolzasepoxy resin, biphenyl epoxy resin, PCT/US2008/084161
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[0023] Other suitable epoxy resins include polyepoxy compounds based on aromatic

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

include glycidyl derivatives of one or more of: aromatic diamines, aromatic
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resins with acrylate or urethane noieties;
gl yci dyl am ne epoxy resins; and novol ac resins. [0025]
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U D e st 1oy droxy naphthalene;, modified epoxy

redine oy a@yhatt by hiejlne ecighies; gyddplgthineespoxy resins; and novolac
3, 4- epoxy- 3- net hyl cycl ohexyl - net hyl -
34 M poxy- 3- net hyl cycl ohexane carboxyl at e;

0025P: 4- ePPRY ey RLMPoENE BBEKY bydIBAlphhtic or alicyclic epoxides. Examples
[ g 4- epoxy?}g)- met hyl cycl oﬁgxang cag)\k{)loxg/l at eyand Ighe P
| pkeycladlipbaticsepoxleb ancBude-diepoxides of cycloaliphatic esters of dicarboxylic

epoxycycl ohexyl net hyl - : €pOXYy.C h n .
cg‘i‘%%xyl a§u§E are @escr %Bsg%gep S%IY‘:&)g(fgﬁ%fy)eh%e&lP{ I)Efwééte’ bis(3,4-
P@fc&%yd}&\eﬁm@ﬁ)ﬂj&%’pa‘te{, 00373, Fupbhe6-reabyyydoidxglméthg)adipate,
material s ich are Eartlcularly useful 1 nclude those,
bbisSH-opexgyrya Py Ireethihpifshtere ranylexcdalsere afiepgride;limonene
po el gyl r fi.nol yhydr ol ' : .

) glgé%hﬁég %éc}l/(ﬁ{?gfaldgeng hdé X xy(%i, ?ﬁ&l g}rllé‘) ggég.e gh8b§tﬁfaﬂﬁddlp|¥ox1des of
oéyiddiphinydesters o divastoxghit atide nahgaciibed, Sorcéxample, in U.S. Patent
polyh¥dric phenol s i ncl ude resorcinol,

bh@(% ﬁ%a?%xyphenyl)nethane (known as bi sphenol F),

o02fy 2 i, AR AR o et .-

| epoxgeyelblaixamki s Cabokylatenxy sptteny by et BAreposycyclohexylmethyl-3,4-
Conneg sl GeTolE LN 0L TR SRS LS e o1
CH0151S3hsSB10! Lo T SEnEl o2 b et -
Quietry]-8daepixgsydlotekante  darboxylatep| § g-spoixply2-methiytnyslobexylmethyl-
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-epoxy-5-methylcyclohexane 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.
[0027] Further epoxy-containing materials which are particularly useful include those

based on glycidyl ether monomers. Examples are di- or polyglycidyl ethers of

polyhydric phenols obtained by reacting polyhydric phenol with an excess of

7



pol yhydri c al cohol s such as 1, 4-butanediol, or

pol yal kyl ene gl ycol s such as pol ypropyl ene gl ycol and
wa@le0ooT04p®l ygl yci dyl et hers of cycl oal i phatic poi/ys1088/084161

such as 2, 2- bi s(4-hydroxycycl ohexyl ) propane. O her

exanpl es are nonofunctional resins such as cresyl

siidtel lfb‘?e oy bl ShaBhgSyg ey indfssorinol

a&@ aiRitisthatley ci Quhowest e4s ofbigmbaaial em,  2.2-bis(4-

car%ox I|c aC|ds such as phthalic acid, tereghthallc

ahydéoxxréfnﬂb%]rqpmrt Aalomm aebd eisphearhhyik ophefeis(#' dhydroxy-3'5'-
A
gf%?p&?ﬁ}rl gprs‘ro%nget ﬁ‘S}ZZg? 6?“32(%)% h&%@&"kgn%ﬁy@&gane or condensates of

hefedbBCYith i forntdld¢tyde nhdrase Dbsuitgdd fmsdeN abiddd:(gidyttdn@ys]uch as phenol
anl line, N, N-diglycidyl toluidine,

Ravolags yad &msobn@(oiacamﬁafsm&m )thaéttﬂ%%f enow gpsj Ay described in

'ﬁ%y%ﬁ%{{t;}g? q ypll %&gﬂ dlq#le{?hy Jﬁnﬂéﬂ%’ﬂg}%{feeﬁ (§>r polyglycidyl ethers of
l\pcb\lryhyﬁrgl yabdotiyls- Such saspil gipluthnydolf corn po[y@l]@&]nesgl}dcbls such as

aE(? yprpg?lgg%/ g gglt %]IKQ 108 gal)yg yaay? g@xg (gfggfc oa{H)ahatlc polyols such as

¢}) zoalgtw}@af&séye}t&o@e&si1)9}o\p5ﬁéﬂyl OBLh %Réﬂibfé& ard th&ndFEctRhal resins
nor e copol yméri zabl € "vi nyl conpounds. Exanpl es of such

ceysblag syl glyadyl: ethegtoy beiryéglyytdlyhytlhmet hacrylate, 1: 1
[00285::: Ezl t hagqrs%/ﬂ g{fg:pg)f%gﬂprg (l)ualll%rs 1nc2fu(?e porl lycigzl' ess:te??s4 ar}ci3 'pgly(beta-
aﬁfeﬂ‘ly‘?él?clgﬂfl)(céd@éé‘k "Bt hyHywell &t € carbOBAR agfél@)()!u&lorﬁ@oﬁéﬂﬁﬁﬁhc acid,

that "are readi |y available include octadecyl ene oxide
gtmhdwlmwa@tsﬂhﬁdl@Ph@ﬂ@ 9¢iil @y hesatydrophthabic gaphie nb| quher class
R. fr.om The
CHEEa] ey e B doryrgT RRGh elishiidpgeroeyctic
dhipoigEe bases Autp QX WEXCdighexyl asiliny NN-diglycidyl toluidine, N,N,N',N'-
4-ep oxchCIohexane carbo1¥late
&

3tez|raglp(gl)dy disttreminephenyiesihpngeirighcidyl isocyanurate, N,N'- d1glyc1dy1

(Ao T WAL AISS ORI pne NNty

bbsp&mﬁﬁwemﬁmmcyclopentyl) ether aliphatlc epoxy
nodi fied with pol ypropyl ene gly coI ent ene di oxi d
[0029épo><| dSEBd’ﬂ}% PN SRITtERBE rgﬁttpn%léﬁ@e mg DAt 8T @md esters of

egl&é?ﬁl{ URGH %%l%%%%%érgﬂ%e a'hﬁt Im@cﬁ@@fyla{ee%lw one or more

as a bro 'S heno y eepoxy’ resin
ach:dlﬁbémwbmdemyl h@npasmxdendimx@lﬁ &t stﬁc«BOqopalymdralateel 1 styrene-

from The Pow Chem M dl.an
PO ArBR B e i Ry PRt eI Har ey o5 24:13.
ngvel U hidsh i'&%ﬁ didhhRitaeARdtet he tradenanes
D. E. @ZSl&gnd D. % N. 8@%\;@%‘]' abl egf?rom The Dow
[0030Cheni c&poSorpamppunds diaarmtc vhdihyi gum)ableamaklude octadecylene oxide;
glycidylmethacrylate; diglycidyl ether of bisphenol A; D.E.R. 331, D.E.R.332 and
D.ER. 334 from The Dow Chemical Company, Midland, Michigan;

vinylcyclohexene dioxide; 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane

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

functionality; flame retardant epoxy resins (such as a brominated bisphenol type

8



resorcinol diglycidyl ether Al though not specifically

nmenti oned, other epoxy resins under the tradenane
waele®ogmass ons D.E. R and D. E. N avai |l abl e from p¢EUENS/084161

Chem cal Conpany may al so be used. In sone

enbodi nents, epoxy resin conpositions may include

resins..f.orned b rea tion
poﬁ?%ﬂ%rﬂyﬁﬂﬂﬁ iR ?{?pﬁﬁae O ™A, SFO%?E (ga%ﬁéel?%su?l{oa the Dow
e@ﬁ’éﬁﬂlcﬁle@blﬂﬁarﬁ}f Mﬂlaﬁh@' ME&Mgar); U4Sutrtdididipcid(d, éther of phenol-
932, whichis |ncorporated herein by reference

sfspcmaléplw W@laﬁéswhwsm@ﬂeméﬂ%wdqré srirAdanages DEN. 431 and
pB']?/lQX §§§ kgfﬁ%ﬁe ﬁ‘?ﬁllt ﬁl@b%% éﬁgfﬁg&l mI hfé%ll\l’ifﬁéﬁgi I\fhgfugan) and

e reaction produc
C@mﬁﬁ digilydidyad etedry Asthoygin ﬂdst&pecnlﬁlpaii[sn thenfPodegde pter dpexy resins

di scl osed
s v ghgngy R e SnesthdFEA oy te Do

[ a di,gl dylipe
B&%ﬁcgl( wﬁﬁgﬂkr N ng h?/%r%éggphe]ﬁy%}ﬁ% rég%%ondéments epoxy resin

(cgnmmrs&idny magyf mchudd deX)asesnnzst foabed bybieagioaradl a diglycidyl ether of
ui t.abl al,yj.s tes include 4,4 -nethyl ene
lélihrﬁ’ﬂ%ﬁ@ %@fr@}%@@? (MDI) and isoners thereof,
[00312 gher oﬁiéf‘ Qﬁlkmépdiweélﬂgﬁeqﬁsd@kd (i€ ongramkent desisanalosd, which
"polyneric ), toluene diisocyanate (TDI) suc

ais iggotpdrafed élnmrdby mfcty:mcfat Suchregogy Esins|mshieclude epoxy terminated

o SSERAS<RS S5 B EUROR o ORI g oo

Qher Gale QRPOind EHitAS a apelyldbseinase dompourfddr Pol id
exanp p§H’|e%J S. Patent Nos. 7a1fés 9723& 6, 88% pou OepORICES
6dls<39se@93na>6 palrdogdiglycidd7 eting. of, %hblsiﬁlydwxnalsenﬂ)g propane

e e

anyhr @Qg@ﬂﬂl%&ﬁ)anéigéheg}fgg\é%fmdlts deeribromobispipmohAgd Suitable
erein ref erence PHOSPHORUS- CONTAI
PPIED(@¢3@¥IP%&RDENE15@ [‘b‘b[saqthﬂ]gm‘d Sadphepylisogyarate) HW% and isomers

H%Ye%@ O %Héldﬁﬁlgﬁéni ot st M[?Iy gdoﬂnﬁ s@ﬁ&@t’l‘ 2§ "polymeric

vent's et ones and hol s hus,” pol ar
SMDIé)JttS],ueseu dhiscagarditeT€EEDL)| sﬁloln aaﬁ;4d®h(di)k/l-‘€9u,socyanate and 2,6-toluene

TSy dnak egan aoneey hakARTOYERs SP A MDD and

disg%g%gh@ﬁns & ahseused as a hardener.[0035] In
contrast, curable conpositions disclosed herein

[0032] nc| ud®©tikr csyitalele sopbie resnsaarkatishdored ioy faruiampleadsfit Patent Nos.
WSS o786 S5 7906330853 | 8280bs4i57 837 958,265 10651, %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.



DMF, NMP, DMBO, or other solvents not suitable for
applications where | ow resi dual solvents in prepregs
w@e@onaygss red. [ 0036] Dicyandi anmi de hardener sPCTIUSIING 084161

di scl osed herein may include di cyandi ani de di ssol ved

i n a phosphorous-containing conpound or a solution

avi ng, a phosphor us- cont ai.ni ng. ¢o und. .l O co
10035 o eSS, REaR sSRRs P B FRrR R e andud yppgiamide as o

| Rhade oR coaApaLad, Ravictietdieyganaid@ isf astniskd in Wogjugction with

R and R qu{be the same or different and each

r DpHBSNMBE RMSY), poothesdiodyants ngj spitakle dph gpalicatiprsy where low
or. _aranatjc. radi X drogen, an al kyl or
sl RR T Res Raegody ¢ 00N PO AN T

[0036)h0l e Disyhediamidehi Matdeger’ ag@@tibnisoMddscloded O0her§il03hy  include
hosphor us- cont ai ni ng phenolic hardeners described | _
atisyandirayide disselyed i phesphpioue conta@IngerrprRaynd o g@ghition having

0 . us o n ; fo

() B RSNl R ORR8 T 15 TBAL" GrBlysintBus, T Rflosphorus
easthaihidprecempoiusd may invddde adonfpoand heving kheydengrad fipmula:

having 1 to 8 carbon atons al i cyclic group having

5 to 6 carbon atoms in? a gubstituted or
unsubstituted aryR"g ® 10 carbon atons,

or Rl and R2 may for n@e\Red ring together

with a phosphorous atofi mis @nJinteger fromO to 1.

The active hydrogen isrreactedRwi 'h the resole to form

t he phosphor ous-contai ni ng conpound. [0038] In )
sehetetRs ind i oaryBa the, samgor gHEE PN GG Sactbisprisety §- or RO- radicals,

P G . - B t 4,0 :
UL AN o b, AR O 8 PR o s
phadisah afRgPE@IRAR B e -1HOR ;dejs aawhola nuebet with@t therange from 0 to
suj t abl e phosphorus-cont ai ni ng phenolic hardeners nay

0¢-or ned by reaction of a resole and a

b

on3781 5 PSRBT ae STRRAL Rl e Sohar e, o
r efapipde che rabl@OproBed alf e semieamciomplersphdriooncopnpaudtod thef formula
pg[enol s with an excess of al dehyde (typically
f ?naldehyde or a formal dehyde precursor) under

neutral or alkaline condiﬁions (see Encycl opedi a of

Pol ymer Sci ence Qﬂ‘d"""Td:&1hn ogy, Vol. 7, "Phenolic
Resins," John W liey and S ns). Resol es are

characterized as contai ni tH|l east one aromatic ring
to which at |east; one phénolic -OH group and one -CH
20R side chain, - R*0), M

where R! and R®> may be the same or different and each represents a linear or
branched alkyl 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.

[0038] In selected embodiments, the phosphorus-containing phenolic hardener may
includle 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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where 'R is hydrogen or an al kyl group. Resol es may
i ncl ude phenol - f or nal dehyde resol e,

wee@goro48or mal dehyde resol e, phenol formal dehyPer/US2008/084161
resol e, bisphenol Ffornal dehyde resol e, and bi spheno
A-formal dehyde resol e, anong ot hers. These

di cyandi am de / .phenol i ¢ hardenper . sol ut4i oy
e o R Ao dipeIragd oS 1y ERTG0R) 2554, which is

| AL QparatBRfrn b§séferengd Ut i On to serve as a curing

agent and a flame retardant. [0040] As an exanple, the

[0039] eact i Resotes dreravntérsatpdre podductshelt fleenots wilbsar ieleags of aldehyde

h }E;{e&a@y?g}/rﬂ%fdgﬁﬁ% %%%%8%311 %fyﬁg | 151 mgrisgrg eurn%g} 0 ré)lmérS alkaline
RRRERAP (R FHCHEIBP&Tid Of PYlyHRY Sefen&d AT Technology, Vol. 7, “Phenolic

phosphor us- cont ai ni ng conpounds descri bed above and
rResiisssTahogWilhe end Sene AR 9salss rrrechiractarized tag cgntaining at least one
sufficient .te ratur 0 4 ni t.] [ O . :
AP b 0k 0 STRSAUHE BRI AR SRS cErmOR sid chan

Geh&t aR! 16 hyldicpehaGini 20ty teesqper Résoted sy @ichdt @heiidladbrmaldehyde
25C, preferabl yb%{leat er than 15Q0C, and nore preferably

giceale.c cresphfprmiplsichydm gesdac pherpl orpraldebydp ypselsy fispdenol F-
o neciod . i ci

R RECR] B A A 816 ot Thos
Cm?éyaﬁdliaati'dfsé phérécg‘mrfmdmnt s@lBlionsTiney be rebssdntialz dtonmgeneous and
typica m mnutes to 20 f bly f

R F blehasd S R Ry Jedh snhaniy v it 3 Sitfog 6t and o
t @arRe PQMASnt The phosphorus-contai ni ng conpound and the

resol e may be combined at a weight ratio in the range
[0040f r om 1As ntesarhple) thenreactivm ©nfoodithe phenolicriandeders described herein

oL BR[O 2T R0 i 10
ePRRFhdPRBhhrBRAS 0LoRMMeS Ot  Sftet dSpieRpidiN-c&itaih compounds

conposition. [0041] Phenolic hardeners described )
hdgseiibedmapoed sodi resplgsletogethereand | heating e Ruxtgredo a sufficient

Rk A e L PLE AR e sl
| GeRrAPANGE , reldticAnRimperAaluisagiehtys teand26t0)eprefdratdf girsater than

d ycol ethers, for exanple, may include propyl ene )
gl 36} anemiiA preferedy gwrr%r thas| Q%?Q-oﬁherrf‘@c %ézq%fg{a@g/] carried out

%W%Xri%%ﬂo?!tﬂﬂg ’suMc? itgcgna e = —gMPaIEP'E)r @gégphﬁﬁeties of
i NSo enbodi ment's, di cyandi am de nay be dissolved in
t Qempbrang (A sdth thedORMemdtties dfaCarparent §BichThs tidEPeBiaction is

| Pl o &0 inte b AL AGHR PRSP OBOANGLS g and more
e, A TE s T B A R R BE o
resole may be 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 embodiments; 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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but anol, and DOMNOL PMto form a storage-stable

sol ution. Such solutions may be added to epoxy resin
wevpoHi488 ons to form stabl e curabl e fornul at i BET/UNRDS/084161

may be used to form prepregs and electrical |am nates,

for exanple. [0042] Di cyandianide may be soluble in

t he abo e-.descri.bed phenolic ha nens o ut,i

RS BROSTER R ST ABENE miry tESiSENEatg fe RBE SkRREed phenolic

NRAr8erch, SRARs URBNTER &heﬁ@ﬁ&ﬂiﬂmeﬂs lkﬁ@yhnﬁlwmde may be dissolved
concentrations of the phenolic hardener” and sol vents,

smchl amxwr@qfc de @hpeglic lhgrélan% anheDONV ANQIn P¥n olmaet other
d 1men dl a{n%ﬁ/a%g% % 11§ gl Qu‘?e f]thtefb%enohc hardener,
p?‘lrg rd [ ons

ner or So ereo

CBlﬁtﬁﬁiﬂI arﬁi DO)WAN}IDII [:)\Y42) Mﬂn@ttoﬂgé-@ﬁbl‘e s'mrlutmmr GSuchp;otuDions may
10 wei ght percent or nore in Qther enbodj
sbaaddgatio saPERItFingionRAsEions toy @ﬁ%éﬂrahlgﬁggnulamp thgt may be

teﬁ%:ﬁ &é chﬁi %ﬁ@%?%l‘fcagctﬂﬁalwﬁla{eg EEx ﬁl? i cient for

I ment oncentrations are s

[0042?>r om nPidyaadiamiit tiagbandlubie thethe wbbngdéseribed phémihis.hardeners or
0043] In sone enbodi nents, a hardener sol ution

i pRINERNSHEereod @i emaﬁrﬁrﬁnae%rfa $heVeislh Beicent, 8F JBfsy in some
OLmB&ditHeh nt%hgé}ﬁﬁﬁé)f BRYthk n?n‘d%ra%oh? dFO0meebBiolic hardener and

percent o react Fon pro
3sddyent§- shcheaisza glyﬁelogmph osqad amethe- sodut:d@n anbh atheesmhtwdiments,

1,10 20 erc d d 5.to
Schaims dree e sofble S ool BB i sotifiths tefof up 10
ObdicBhtrRidA8 ruF 18 208l E&BR: pQ@Eerit of HBRENG tP 10 WR Ercent or more in
[ 0044] ADDI TI ONAL HA ERS / CUR ACENTS [ 0045] In

adier ¢émhodimentspuplie § arrighiretisnher merfeinsothirsambagérgents; and up to

e ditional hardeners en
pa 3o P a8t Sh b oo Bl RS AEr "she Qhpfipiions are
r@ﬁﬁﬁleﬁﬂﬂweﬁhﬁlh@ﬁe& and aichualifaidg Refing orpRdtionon. As
with the epoxy resins, the additional hardeners and

[00434 ur | nglragfam smbagingats, saebardmr wplutign ligelading ghe digygrdipgide and
; g}e i g ardgrier OE %olgle J’IJ]QICPG%? %a Oﬁ g@?% 6()%6?1%& n%ercent of the

0 as a ner cro agen

i f&hu@epﬁﬂuctcmowr@ldfbanwg 2afkaph:dslphale§ﬂ-0mﬂe lwdnfgresole 1 to 20
reactive with the epoxy group of the epoxy resi.n.

c Wieighy pergentod theadicy sndidraide mand, JipeHt wReht H“rrﬁ%}’t Qb ﬁﬁ@b’ﬁ&% such as
SHE Qlc@ﬁol%fj@& ad. 1 kabhe, € E'CXBEin\éﬁén thegeof

oxygen confai ni ng tonpourids such as carboxylic acid

[0044] er m nADITIONYES HARDENBERBIIGURENG pHGENTS novol acs,
bi sphenol - A novol acs, DCPD- phenol condensatijon .
[0045} oduci®s, additioni frtthel @REandidneide| hagdypsrss described above, additional

ST PP 08y PO L R A B0 o
eppoRy esini dosipoSitioh o -fﬁmhmolhqu mmmumds 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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such as pol ysul fides, polynmercaptans; and catal ytic

curing agents such tertiary amnes, Lewis acids, Lews
whames7@ssl conbi nati ons of two or nore of the BODUS2008/084161

curing agents. Practically, polyam nes,

di am nodi phenyl sul fone and their isoners,

am nobenzoates, various acid anhydri des,

pHESPSH SOBIALS: PRIONS- teminared Y siAst sl fironiqining gempounds
EHXRAPAE polRYL @s,uﬁflgme@éfe)tﬁﬁeam e38Mticd 'cﬁﬁ%%ség[&gt(s) IA,%J]Ch tertiary

not restri'cted to e use of these conmpoun
Quthimes,eldyoidi avislst $.evis bases sndl i cokbimtichaiof ey dyemomedf the above

are. describ in U.S Patent No 6, 6 839, . .and ..

| FHEmgaREENS r;@%&?ﬂ@wel,oolx%}ame%@flgu%%d}éieﬁ&slémgnan%l?eéﬁ somers,
ahidbé B aed Watidus abiB| 86 rddes WheBBI-ndMMc teBink RAd [ARBE novolac
of fron115od to 50,000 and an anhydri de content of

nissias; fhaexandlpanaeb useplobut the prepent dissloswisdhnet resirecteddy the use
be..useful in the conpositions disclosed herein include
c%?ﬁﬁ6‘€3F§P9§%s. Exanpl es of curing catalyst include

[0046] M dazotiRr Ribodimidn¥L6f cioBs-lihRdrY tdti hHiSS be aBEH QfeddRtSbed in U.S.
metallic salts. O her exag_pl es of such curi
o)

n
cBatentyNe $,613:339 @nd rindudeadpe gkamplet repodyrsers ﬁ%cﬂﬁyrage apé maleic

ST 06 2SR OO S0

t ghlydAady cdnwdntlof pRiOtHandb@ercetl benzoyl peroxi de;
met hyl et hyl ketone peroxi de, acetoacetic peroxide, )
[0047} urreneOthpacopenstttighat ayas baaxelitbie they eerapesitisnsddisclosed herein

dy I [ 3, X1 . th . . [y . ..
PR L2505 Y S S BB s,
uggthry anifes, pideahici mytalici saits. [ARG8dxamplesafesuch curing catalysts

enbodi nents,. curing agents may include prjnmary and .
sBeHa ey Beicglatm ey, e i coTToET ,mai««ﬁ% J2@ésgbutyronitrile,

g i F . : y . a . ]
A DR Reidee] Qlct A Ml R SOGL AP Ler R BER Pidoctonte,
t aridabénzeyl( perbxide; @@thyhetiyl Xetomefpreoonidd) eacBoacctioeperexitle, cumene
any, .M dl and, M chi ga tri.et hyl ene, tetram ne )
RS grole. s§Pheing HEkensit ity stk cherodiparpd mixures
Mhétcand Mdvh@htBA dragtouheme BBkt 4rP prefbkably used i
26, avail abf‘e t?y?orgtqrdﬁ:ﬁ Er)ow Chem 02W£many, MpgT ar?d,y ueed

Mhe pregeminvensionel | as adducts of the above amines with

0048 E0%Y HESHAE ullHE0U8: o8l Bl BRCH B nd scondr

dpipamimeanshdi @i naddlice) e ahydrides, 0nad pblyaMaddsC For example,
ol yam nes, such as am no ethyl piperazine and )
perlyBmnpijonah anpessymay recludgg gliphatic amine compounds such as diethylene

triamine (D.E.H. 20, available from The Dow Chemical Company, Midland,
Michigan), triethylene tetramine (D.E.H. 24, available from The Dow Chemical
Company, Midland, Michigan), tetraethylene 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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aromati c pol yam nes, such as netaphenyl ene di am ne,

di am no di phenyl sul fone, and diethyltol uene di am ne,
woreapoar@es be used. [ 0049] Anhydride curing agenPGI/Isz008/084161

i nclude, for exanple, nadic nmethyl anhydride,

hexahydr opht hal i ¢ anhydri de, trinellitic anhydri de,

oosfoCeeenyl B AT B G e e
aﬂéﬁéﬁydﬂﬁhthﬁ’lﬁd aﬂ]%td?bdb ttr‘ﬁhél@iﬂl drpRBtia! dddesdtlyy dubdific anhydride,

anon ers dride curing agents may al so include

cplpbalm pshygifides ym@the/l argxahyideonhibadicd mlmslude ddstralrydrophthalic

6312‘?@ g glylg %‘gﬁ t?trahly !-x{hg d i dﬁld?’a ncﬁgycﬂﬁer of enXdrlde curing

[ 8206 mhjﬂ also ﬁiﬁ:l@dH)@ﬂjo[%ﬁHﬁ of Bﬂyﬁenﬁ @8 ahal€io \aeidaeﬁnhydrldes and other
har dener contain bi phe or napht h

ty.
yéﬁé@ﬁoq& serihge dn . %rPcms% N9a9 04,840+ %@ﬁ%éﬁ meorpﬁ@ted herein by
b#mﬁg | or naphthyl noiety of the conmpound. This type
0 ardener may be prepared, for exanple, according to

[OOSOE]he melhase dabalimbed, the pEdl hdvdl8ARardEger n@yadmteﬁn aalphenyl or
ardener containing a_biphenyl noiety may be pre
byeRhERE tRaigty p hEtfoPhaRPf hisliom gReRs- mB Ry iERLCEi D ﬁléwphenyl or
I S, g iac
%%Hytl rIIH? gﬁg 2 ﬁl?ée Roe B%‘Eity aTrlrll?yn o%ﬂ%@ﬁer%é{y 2 fnléggred, for
_(Jlempie;cmbrﬂmg(amethe Guethodp dg&mibsd nayEE9]§dlSAd:l ubler example, a

[ azol es, .their b | t and addu S X.

TG ORI DB AP SIS PromBE b Tt D gnol with
%@m%ﬂ@gylngetp}ﬁe@%lbgg{ i m dazol e curing agents

i ncl udes” 2- phenyl i m dazol e; other suitable imnidazole

[0051¢ur i nglmgethers @mlodiineints,0s@uingn aEEiﬁ%ﬁﬁt?A]incl@ldw eboron trifluoride

curin ents i de. aro C an1 aI atic

cioneah AR it e irores | GaBie” R nRy also include
efmagwr@mﬁelr dang, aﬁidrddﬂ‘éict@g ahtse éB%va Q@nﬁ@ agéﬁw fre typically solid at
conpound having a nol ecul ar wei ght "up to 500 per am no

gmup teremratuecs é}neacmle of avitakle omidazglea g agents includes 2-

r amn ri ng.agen ngl ud .
4e% %ﬁglﬁyl [ eNdl H@?lﬂi/l 1mﬁila% ole  cyrin %enté Gr!O8isclosed in
3ER9GERTAQL OBy Iculind\ dbiciBt Bicluddr 8@mafi00adines)t Bigphatic amines,
exanpl es of curing agents useful in enbodi ments
dﬁfﬁb’ldﬁé@islah‘éplé@m’lﬁ nclude: 3,3'- and

[()()SZiI s 4 nﬁ,?rgﬁrgeogiqg@aqg%héwhfe %Hﬁng ggetnliyxln%;‘ gd lcu‘?gfl'nlirioncedmpound having a

dinRichak phepitl hp |to4560 ipsloafrmwlgbcarp; euaeh aMaarl akdn@atkSamine or a
EPON 1062 from Shell Chem cal

bewmidinerHersyhivay Examples of paiy agwgo@ﬁafé decladet-chlorephguyl-N,N-
Eﬁ’%thyl-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.

[0054] 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. Illustrative thiols include aliphatic thiols

such as methanedithiol, propanedithiol, cyclohexanedithiol, 2-mercaptoethyl-2,3-
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1061 from Shell Chem cal Co. [0054] Thiol curing

agents for epoxy conpounds may al so be used, and are
waele®enidaesl, for exanple, in U S Patent No. 5, BFHUSHES/084161

As used herein, "thiol" also includes polythiol or

pol ymer captan curing agents. Illustrative thiols

[ ' ic i i thi .
GBI ¢ A PARhSSRIET A 09RBhAla),  dityiens
2glyred]lc apisiBdeydapthadetdieler dpdinsucaptopadeyl methyl ether, bis(2-
2, 3-di mercapt o- 1-propanol (2- mer capt oacet at e2 )
colate),  pentaerythritol

p |
gnercaptoethrDeheic ol wmethypleraraps oades@iesly
Aal I er othidf
FTERRARARIADY PRI lgliooie.  civineeo
t ditls¢glircadgtey c otrahehylojpeopamer y tthis(betlthiopropionate),  tris-mercaptan

tetra(nmercapt.oprapi.onate), .pentaerythriftol . .
G AT STt Stist hof SRERPILTF kRt oiagserythrito
t5d1P@ERYhRIPRSRRRRS; tHal SeRQLBstHNE@PARRAANA! @\ the al%phatic thiols;
tris-mercaptan derivative of tri-glycidyl ether of
prropetiy | thicdsl sutlk sasedi-aruds-dppdetrameyaahiobergene, bis-, tris- or tetra-

A L RO L PR o

Shitbgenssubtitutetll degivativest 6ff fir- MoMRAD BRI ZRAGocYRIIS Ting-containing
tris- or tetra- (nercaptoal kyl)benzene o o
dihiedy c apeto biep h@fyno-4itofithipletyi-Hiaginean @lkoxy-4,6-dithiol-sym-triazine,
n a3l enegi t i ol . 0QeR- SPRSL 14 it ' e :
AR 38| Rl o980, LIS 44 A B
t hiloden-suibstituted dedivinivds Gofditlichihetersoyelit r finagicomtaining thiols; thiol
al koxy-é, (?;Gdjthio -symtriazine, .. .
aFQMRANAds) hgvige, #; F‘S-tSWﬁ MEreapiq, STHPS and containing sulfur atoms in
| adtitRod fo tﬁéﬁl‘e%%gt 2 QR QRYla} bisS AF¥ARUEREGnerca toallfylt(l:lio)benzene,

hal ogen- subst 1t derivatives of the heterocycli
rbing- coist ai o ngetrdtinet@ptonlkiybhiogalkpeun deisinzercapipadityl)  disulfide,
| east t to groups and, containing sul fur atons
iW@W%ﬁﬁ%ﬁ%@e&@WBﬁpbonﬁfe ups such as bis-, tris-
Ohy dr&ityaBlly 1R SR PRklcyplobt@tPenzene, Dbinsercaptddtifyl Of ether
tetra(mercaptoal Kyl t hi o) al kane, bi s(mercaptoal kyl ) o
dbis@hereapsopropignary dldkJithian-LiSddiblbig(merceniveepitop it%ﬁ@ugb)cphc acid
dr oxyal kyl sul fi debj 0 af.e), t
2%%@1?6%2}% a?frlgrﬁc aeg{[egpr%%;dgﬁréﬁgﬁc aee Bx@b-m%&&%&’ﬁ&? £¥€!r), 4,4-
| thibbiitytriti a¢id 2bib2cinerchpts4lRel estpd) 03glethidphknedithiol, bismuththiol and
t hi_odi gl ycol i ¢ aci d. bi s(nmercapt oal kyl ester),
t hosimpicapioohn?¢-thigdiazel s( 2- mer capt oal kyl ester), 4, 4-
hi obu 1.C.: aCi i - p . € .
[00555 4ot hjli"%c{) ﬁlgrﬁr% %1?%? (r)r?a{yz%llgg rrl%gtaah{nﬁcﬁ%{%ghc dﬁfbg{a)lce such as an amine, a
2tefitady NpHosplpihe- la, quateinhiyadiaaadium| S4165)itHhe midleoplilic anion, a
agent may al so he a nucl eophilic gﬁbstance sych_ as an

asatnary” phaspheymp s prithna, nugleopatlicr APy amniBrdasle. a tertiary
Sﬂ' dnitftht b vﬂﬂflaegﬂa%ﬁ}ﬁli@ nith, ﬁ1d.q Yate2hidl9" Yulfonium salt with a
phosphonium salt wth a nucl eophilic anioh, an
i micdkapbilie, andort erti ary

[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.

[0057] Quaternary ammonium salts with a nucleophilic anion useful as a curing agent

in embodiments disclosed herein may include tetracthyl ammonium chloride,
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arseniumsalt with a nucleophilic anion, and a
tertiary sulfoniumsalt with a nucl eophilic anion.
WO 05070484 | phati ¢ pol yam nes that are nodifi edP@US2008/084161

adduction with epoxy resins, acrylonitrile, or

(rret h) acryl ates may also be utilized as curi ng agents.
add|t vari ou s.can.be used

aRRoPH Smai Tt TR RERE BB L8R, e rimethy

ahaeAReh t §ahite, aeqBtricthyli AgmEa Nal S0dd)eNRSAenethPRSrtllidinium

Quaternary ammoniumsalts with a_nucl eophilic anjon

usxmate, ab-metbylnyriginigenphenplaeh Jinmahylo-ehlewpyLdigium - chloride,

h ' tetr | ammoni um
eﬁ{ﬂ&@%&’@%‘?@?fﬁ%&%ﬁ%m acetate, hexyl trinethyl

[0058qtmrmnl LHNsBihe NertBodiMentzy lat tlédsﬂ&ﬁaby&atﬁﬁmphétmrﬁtlfa’iﬂ @y be used.
cetp‘a( triethyl amoni um azid
@

ierephinfoipifiars dﬁnﬁ]“d?n W&mé thatredergmpgsei avhsnugkposed to
RSO Y o PRGN K e [ R BB ffvslenats to form

somati@ib gpticies tha, may ctelyzd thenmlpatiizition redutiboj siich iaabetween an
tiators include

%g%ng‘g’%g ﬁlgga "‘HEX | nggr%&ﬁ;&l@& ﬁ@%@ﬂc $SBecies may also catalyze the
e}e%&‘i(frp %Fg:f%%;dd@ %ﬁ%ﬁt\&'ﬂﬂlﬂ offfer RpBRAULIEIHRE RYBY @B8ahed in the

range of wavefengths to forma cationic species
t haablmrrxpamaby fsuchhe oplesiryydroxyhgiouns, raesioe igonps.sphiehoks groups,

cBel ghrn HpER Bt Brns g He P Bl i BEY. mrampies

epOodtidfic @tﬂi’ﬁtlw&ﬁn@l‘hﬁ@ Hia@RR¥bARNT &HS ahd &iFPBElIf@Fum salts. For
cont ai ne he curabl e C?&DOS| tion SUCh as ot her

hezeamnls;| a gya@xlpy,ionam gt §yns Sph%wgﬁ@ﬁqrcls giveilgde from Ciba-Geigy
g?:({)cﬁeggﬁegﬁa t eépg%la‘k(g? Yﬁ%ﬁmgggfﬁgf ?\_@g@}ééﬁlﬁrﬁ-tgge ghotomltlator

plaivailablé ifeboThe Doy @ﬂemﬂiahcwnipﬁﬁbo Bd OYRYCUREa6M?2. The cationic
triarylsul foniumsalts. Far exanp a di aryliodoni um
sBqtoipifisdorgnay, b peRdning %@Vﬁ‘faélyé\ﬁé‘iml‘éﬁoﬁféo‘ﬂfﬂo?ﬁd may constitute up

ﬂ(’f’%ﬁfg (!d?(?égﬂ{jﬁércérﬁ of HeadmieSifRRlddan | RGACURE 250. A

photoiniti ator is avail able from
[0059The Do@ATRLIY $BS Conpany as CYRACURE 6992. The
cationjc photojnjtiator may be used in a catalytically
[0060¢1 f ect Insomepubrdimgniy, areajalysmaay baused i Prasmeip Higtreaggion between

R

banduthe phenoljzr leerddrer dbheribedaboven Oablyee mayhmckydexyl.ewis acid, for

reS|n cqnpon the curing agent .or. hardener,
?Ry CWQH QV%{HBO[] & ph Hyative, Mithean amine such as

?%?Eﬁdlgs dr aRaya- etl@@&rﬁi&?’ [GatdTMs b2 dideb@bigisicired, 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. Illustrative 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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exanpl e boron trifluoride, conveniently as a

derivative with an am ne such as piperidi ne or nethyl
weedhwhzashe. Catal ysts may al so be basic, suchPeBUS$008/084161

exanpl e, an im dazole or an ami ne. O her catal ysts nay

i nclude other netal halide Lewis acids, including

ZETER T -
| ’driéﬁhyléih@ Mathing] NehdiNylandrpiolimt, NEX NN -goemethst piopane diamine, N-

phenol ; and am_ nes, such as triethylam ne, imdazole

deethyh pingadineg AHN-Ringthylel, 31(‘&ma>fpdm@mrpa415¢ awflﬁ’éle and the like.
C ys be r en i
G SIRBR0 SRR, ool | SISl R D uaRE e, 18
| dibzebioyalo[¥.2. ZI]@Jtinear y 4adﬂm&grlanmnbpnge;hne 4-(N-pyrolidino)pyridine,

ETEE I Gy

xyly di met hyl pi per azi ne,
[0062m met hi: pyro@gl ne, N%?E)‘T \}I%%rr oxypi peri di ne,

[0063]\| N, N Ns desdribadabbyd, dhﬁaf’eshﬂairh;&n;ﬁlons described herein may be used in
N, N , N , N -pentanet hyl di et hyI enetri am

afw'xﬁglatlppq that ﬁ%talgrhr%lna&ﬁdeq Y R e 9}n1%(ﬂ§ame retal%ath Specific
}\F)ﬁﬁj{{% of ebrghﬁmtﬂi;’ad%tﬁ% it H@rt%@drbﬁgblsRhenol A (TBBA) and

, N, -tetramet propane di am ne
pinpteriiabiideﬂved\thbtefnhlmélfBE'A—dlgISel(lﬂl- qth;rerelackﬂmnprpdmpanéblsphenol A

riTg}iFggoW?tg %Bg[ﬁsdllg%@]lgr]\ r;eé{ﬁlg%e}étlgg] gr%auct tu glsphenol A

d&?g}@my@gﬁgp{v&hq@&ct ane, 4-di nmethyl am nopyri di ne,
N pyrol i dino)pyridine, triethyl am ne and

[00642, 4, 6- Nohdfatnimatedyflams mia:darhtyln)qjh@wdie verio0s 2jatétialgveerived from

AL b B . = vor

Rycrfydpﬁhé&ns t hat cont ai (nob(rzosndm;tc&@lxﬁhenyl) 9,10- dlhydro 9-0xa-10-
non- br omi nat ed flame retardants. Specific_ exanpl e

| es of
bplaasphapthevandlrgng i1 Qwxide)ctandensation @mcbwb@fslaﬁ)é’nmth/glymdyl ether

Téﬁb‘{ b"gﬁng%ﬁr’r(?d‘{ﬂ e{clé,ta I%nsd 1%%; ) ac?fll%rﬁg L}&%{ﬁl Such ag aluanum trihydrate
Ao allBBANbhEpREBRA- dlegC|dyI et her, and reaction
roducts of bisphenol A diglycidyl ether with TBBA
[00655)0064] ORIIONASARPRIEEVE S ane retardants include the

ariou erl sder vedfr .
100s6f 3" 10 Pl i Bl B b el R Shsionel herein epyosptigagtly inelude
S b&iVeRgoaDRAYER oS Bhd @illers( 1AddiZived andlifiligehr oy pRendd, foOexample,
10-di hydr o- 9- oxa-_ 10- phosphaphenant hrene 10-oxi de

cothgeflame .r@hrdpw@dkmosa%ql s, glash tjf yeﬁtaypo‘é@%rtltar)nwn dioxide,

t
SSELHE R, Bl 00 RORELE TR, opni s, o
phaspiend, tIEV 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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[ 0065] OPTI ONAL ADDI Tl VES [ 0066] Curabl e and ther noset

conposi tions disclosed herein may optionally include
weovgenusonal additives and fillers. AdditivesPemus2008/084161

fillers may include, for exanple, other flanme

retardants, boric acid, silica, glass, talc, netal

owder s, i de, tt t
R s, 6 A8 B s ot
| OhepARY 6O1BRNBond Mypé qablluﬂﬁlgr ﬁ)r Ela@ipld) thilinGs,288RE Sorganic or
tougheni ng agents, "and tackifying agents. Additives
aimgdrganid @ldglmyplamsms; welting egénisretp v modifiers, 49§ dightblegkers, and
b t et I
B R uRe sl R Al PR GpuRElf Ghom 0 105

nkiphelepitei mubcfméi%mb@wlﬂ&its/ealﬁll gmenham 3vmtgh5|;ieycent in other
reduci ng agents, boron nitride, mca, nucleatin

agfehedimentid Etammles ofevuitablsraddijives mes also freseribed IRk, Patent No.
ng%g 17% Mﬁ@h&ﬁb@}bﬁ%?@ to drive off noisture prior
add € epoxy resin conposition.

[0067]\dd| t i ofginlysolvdiesmappeiedin suifd embediments, hﬁl}lﬁh@ketones such
effect on the properties of the conposition, befo

aaﬁjmsﬂlyhﬁh@} ketong YEKInelyed] sieas. tsuch axBiopyleng gb@ebm%hyl ether,
lc ghSTY! %ghrhg, ﬁl%r afiQMPRSEdhO Qm%gglnji%&l A J&Rbf $hounts of higher

reaction groduct. Ieconp03|t|ons cl osed herein
nalealio wepsht,arkitivyly aont-ailatile trivawaladibls, ipoé;a)lsgfand other epoxy- or

general |y conventi onal i ncludi.ng for exa
stsaﬁrawnﬁtz’erﬁgctwstdﬁwma P&‘é(rﬁ)@e%usﬁlrd a%ﬁ%eé tgcfalivegg@famzers in the
pi:lﬂﬂ?@taﬁd t%‘?rht)ée@goﬁgsgiﬁ@ns didQy¥edBeield.ers, WV light
ockers | uorescent additives. These addi ti ves
[0068irey beCpH@sBzInE GOMH@SHﬁIlCﬁ\I&f fromO to 5 weight-
ercent. inh sonme enpodi nents, . and, | ess t.han [

i ght ..
10069$er cenﬁaxcﬁn%ﬁ 18POSHI9BY rw&@sfom@éa%w%blamgﬁmoaﬂ?%us -containing
r i :
SRR SR oS BRELPRRAE Lo gl dsvd sbove
sﬁhraebtet @m;aysltims wisslibed heie maytiedioned by combinig alg €poxy resin

ﬂgshagaedﬁp ggrsnaggb&)l?{,eﬂgﬁ%%@g Dt §F1/E g%:%eé? X@htaves catalysts,

ah&?%ﬂie‘ﬁ fp'il%ﬁlﬂ 8SmPEiARNOIFor |dkamPe i Ndopkl BBMbEimeNts)Qf curable
amount s of higher nol ecul ar weight, relatively

nevmpasitian IneaynbRoirasHoby, adsukingl en ey ordsEr copwRsition and a
t t
sy DRSSl GEF so ¥ BpdlibtrcPhBo I cRofR o MEFe sl e

t %ﬁﬁﬁﬁh ¢TOtHR O&oikly ORRSindarsE ltlees Bekdbgsreinay dePOff]in part, upon the
BLE COVPQSI TI ONS 0069] Har dener conpositions may

bBropeitiee deHiedciaribe APRgleacROS BIoBr s UESheRasHEpns to be’produced,
gﬁl%ncfél égd E'lﬁ'gqg {Hohsdbf $8! U &)8 tlBH e%{n%otfhe Welifed storage stability of the
I cyan as describe

composition (desired shelf life). In other embodlments 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.

[0070] 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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Cur abl e conpositions descri bed herein nmay be fornmed by
conbi ni ng an epoxy resin and the hardener conposition,

w@bk@ng7oa8s h addi ti onal hardeners, additives, CBCHUYNDIS(84161
and ot her optional conponents. For exanple, in sone
enbodi nents, a curable conposition nmay be forned by

R RPN ATRRY HgE P2 i porsnt of e
calrably SbmpbStibQrrora 501ty VA rvieightiRrdehoROsthérmsbodiménts, from 60 to
epoxy resin and the hardener may depend, in part, upon .
t $ie Weighb derqeak ingethey embpdiments; @pd {mne 78 JRptss Weiebh pgcent in yet
c lgm? iitions to be produced, the desired cure
r@é%%ﬁ@e 0 a?%e conposition, and the desired storage

[0071%t abi | inf yored einbodig@mpsuidbtincdipssitidd mieldcludef £dpm dbout 30 to
ot her enbodi nents, a process_to forma curable .
cehoyb 9B tiobHNGTREICEREPQYE Tetie dR Ofhist embpdinprats cupblegompositions
f P j . i
AT AS,A0GSROS EASKD 81 SROLYIRD, SRR b Aol o
heprootg medis imothea¢rmbodimsnts afilom>30rtg 68 viollweme peretrairegaxit resin in other

and agdm xi ng additives. [g&?\% I n sone enbodi nent s,
HRbBRYST dofln bR, 4o tpr BLYRIUMA PHESTE,FRe Fesin in yet other
CORPQEIEAQN I n an anount ranging fromO0.1 to 99 wei ght
percent of the curable conposition. In other

[0072¢nbodi hesdse ehitbedmpony dompdsntidor pheyolicahgpderiaramixfuré may be
to 50 wej ght rcent of the curable co sition, from
1BreRest ALt G ppeesiion 18 a5 Ferun iR snmed 0D ghf gpoent t
260 WRigh? p¥Rb@htin REHes @MHbollineh®d, tIRf digyandiHAAdE ABAESer sbutions may
ot her enbodi nents, the epoxy conposition may range from

3be pres@D invei ghmouplerapgimg fodm tOhle Weight berseriGapPdsiveighirpercent; from

i Damegnt B (G BBl affnd th BREEBRRRAE I ol 10 45

f%i_gh?ﬁerb@t%ymmenmﬂmt&i n yet other enbodiments.
0071] In sone enbodi nents, curable conpositions ma

! Yy ..
[0073] nc| udkn somgerabrstimens, a eatalljeiunayle Dishantn hercpeable ition in
resin. In other odli Lt i y
LRGSR OR O Db SERERL T IR, IR 10 ot
t emB&diehig|rehepedtalgst map beypricssit finidd ahb@it @ngiagifeantG] weight
from30 to 65 volunme percent epoxy resin in other i
ePgTERNt e rft Yelghh @ercenin o o> SIgIRGHSTHE Eatieishippsrgent in other

r 851, 04:1 e r '

Db i 1 ARl o A Binl mBOoents  ur e
[0074]ray belnp4 elasyéf éntbddir@erntsircubdtde canpasitidn ducriteddierenmauytinclude:
rang:itg% fromO0.01l weight percent to 60 ,Wﬁi ght pe[cenctl,. )
| 30 & Hepveishbpercami on SpRYY Hsty At '8m weiehbPyery dicyandiamide; 1
s 4 lw¥icht "P¥cent 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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be present in an anmount ranging fromO.1 weight
percent to 55 weight percent; fromO0.5 wei ght percent
W 20095070468 ght percent in other enbodi nents; anpCT/D82008/084161
to 45 wei ght percent in yet other enbodinments. [0073]
In some enbodi nents, a catalyst nmay be present in the
curabl eqconposit QR ..i.N I ' f .01
cHF R, SR b S QPR bl DR AT 150 pars o
eniRiddrpatts , rekinecaapaditiat, By ywdightprigssoilie iembadiraemsint In other
rangﬁi) ng fromoO.1 wei g\l;; percent to 8 weight Fer cent;

f erahecimsninethg pedigend dardener maybs yrrd ipanaBKuNt FRngingdfom 1 to 95
oS BeE e B0 Hs@ohopRjibnlBY HlaHRAHE BRluchi HHB) be used in an
camanit eargging Geirt 2.6 o @6 parts ipedhineired partsergsinrvolpdeitioB by weight,
to 99 weight percent. of _an_epoxy resin, 0.01 to 5 .

i QT SORTGIRENtS, 00 1A 3¢ 80 PR pey DHBCIRYI ARG ro58h ppposition, by

o@vefghghppa%gl;@@%bggﬁg@_ni ng phenolic hardener; and 0

to 30 weight percent of a solvent conprising at | east
[0076bne of Carabll cotymdsjticms kedyoalso iaeiddea frghy elodut dk hér pbout 50 volume

wherein the wejght percentages . given are based on the
cRFETH éavtw_s?lgf-écg%\fest ReSPhfe ﬁﬂﬁ?f)él%ﬁéfsde B0t gnbodiments, curable
dé(ﬁ%ﬁgd%ﬂi(ﬁ‘@ 8y hPRJIEPPOY ABdut 1.1 aBdaBde $QJoWAS -percent optional
[0075] In sone enbodi nents, additional hardeners may

ahdshitives; amthireedabout 9.5 treabpiv S volupwsier¢enh opidenst eidisiges in yet
hetﬁlei n, (}/cﬁ\ri%tsal es to consider in selecting additional
P FARPUIBE Y an amount of the additional hardener may

[0077'5 ncl udeypkIR APFEPl €, properties of the resin
conmposition, the desired properties of the cured

[0078% onposThé curallelcemipbsitipnsydesetilerst abova mayrbeplisposekon a substrate and

etc.), -desired cure rat.es, as _well as the nunber of
ruifed 788 SPRTRE et e ;Paﬂ{iiuLaé PO s, Wcpibstrates may
NHRRRE nRftaldGhutl 8s {YMRYSIBEl, irbn AN ddgper] Hiac MM WimiAhm, alumite
addi ti onal hardener used may vary from0.1 to 150
paird thegike; allmydrod gughnmetals, @sd shestmybishtaroplatagywiie pehy metals and
iSO dj RS 0 j . h
af] 8}1{1{%}1 g‘;g) Saér)dentgrmerr%{% ' béeﬁbﬁsgrggg?ﬁwagﬁgt}r%c&ﬁe %X%‘Frr?g glass, and
f vatoud fibers) Sudhedst forR&amPlEN cirbon/gaphite;I@son) quartz; aluminum oxide;
conposition, by weight; the hardener may be used in an
aglesstuch andi glgssf £ @ase, $2tGLASS BartG glass; ahd siicen cprdidesor silicon
resjn c osition, by weight, in other e i gents; . )
L FIbRe oGS eniseiihe i’ 1EARPER I PO AR, floers hay include:
CQ%ﬁﬂ’i%' fiBe?), subl WOV AR HodeDuPbRealRMRGH BBAE-Sontaining fibers,
0076] Curabl e conpositions may al so i nclude from

apsht asONEX{[ELaBbers f5on ddlusiticgre carbite Bpars.ofvgh as NICALON from
o RSP AR RS v
afiebht Ube. VI pH¥Ec IS éhetddirapits,aRékurable 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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addi tives; and from about 0.5 to about 2.5 vol une
percent optional additives in yet other enbodi nents.
W 0@9/87048IBSTRATES [ 0078] The curabl e conposi t PONES2008/084161
descri bed above nay be di sposed on a substrate and
cured The substrate is not subject to particul ar
t

ng;}%%%{eﬁlﬂ ’%?) @C H’l( Qﬁaltté gfn?e?nftdpéf?é ﬂ%%éé%grm c%hﬁg the curable
tcmmpéduun num alun1te and the like; alloys of such
netals, and sheets which are plated with such netals

[00814nq | alfheabeve @%@@b@d erallg cAMpesipEs M3yt 1Péh‘é§0rﬁh9f a powder,
a ol C
Llﬁ&YOQPé)jgcﬁ;pcf A& Car H%‘gr?ezg%mﬁ&‘i’t %rgp%sgﬂé gﬁb‘a{léed $¥ M scribed
ahbuvenmnna;xbedézsp@;dedam 1yl baBNdEnghaaboveSidgblﬂﬁl suBstrates, before,

GgASS(r r C gl ass; d silicagn carbide or silicon

PHiEl 8 'f“%ﬂé’luge %@ET’ 3‘i‘r%&ﬁé’°{nipf’%iﬂf’%m Commercial |y

[o082¢vai | ap Ieeﬁcahj %c@ﬂ%o 1'EEC1|n Ay Cobifdel SubsEHERNiRTa curable
i XI e- ¢ I bers

EVLAR ont ont almi ng
scmhp(mstldldEX'CEnlatlﬁg bmysbé rpenﬁoﬁfved $iyl varwws qaodrddeesf invbuding spray
such. as Nl CALON from Ni Ca{]]bon and silicon
cSHAPeCHTaYR MOV SPAIEN F mlgl VERia Al SR ds? BRAYIQ\epater, brush

f EQinblad dippiRabF intHbRIonRGRGEE, ment's, the curabl e
conposi ti ons may be used to format |east a portion of

[0083% circln Varhmaremmdlrmrm, ithme sdasn'aue(mei}t bdaummdlayd:morsnnhai layer. For
enbodl he substrate coa

BHATRIS BPI? Subslrafe My BF TR e RS oG Shidayersd golymeri
Oéru@léf afd GORRRASLSALEN Bb%n{eli‘ ear%b'%tof € fof QQ&Z}%IC In other various
COMPOSI TES AND COATE OOé In sone
eerbbetlimentssonecumarsilaysss ofithe blerabl@rcmowon orayrhg digpesed on or in
curaglte co SI ti OE di scl osedt her.ei nd n ot .her i £

ROOAT L s, eSn‘ES‘B flede FRUPEtep formydn b a‘f%‘loiﬁ’ (fgmpinations o
Csiibahte 15 APaRl durdble temposiidisihyeat ereQilsofenviapédliciting
mat eri al, such as byi npregnating or coati nlg t he

[0084i;ubst r it sowe embedimenisnghergheating|of thed cutablengomnpesition may be
| [ T

ur a%eg ggﬁg %gl %)I %\ﬂ)sld #&gﬁ‘ojelét“?ﬁ%tf ﬁagqél qut?l?e{ ée%g% live S substrate, for
Séxdhiple. @i othelr Ieﬁwodlmeﬁ«ﬁst ahe Begtinganhe uﬁﬂ’xﬁdboﬁdatlhg mhd‘lﬁﬁbstrate and
been produced as described above, it may be di sposed
othe cpfab lefomRasiii®Bn t he above described subst rat es,

[OOSSEngLgFPIqu% bf‘% Gg%]b?e’:éo%po%fffoﬁf {scltog§d l?e%ﬁ% 3' re n%ulreba temperature
f@ﬁ aedeaby abmat301Q, alpsu)bslbdlﬁtEO\?\CI Iﬁorapémfchbd)fémmutes up to hours,

it Coat d by
p qnfgg glegrg] the, crgﬂé ngﬁnr@%ﬁw %%;({e%gm and catalayts’é ollﬁsused 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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coating, curtain flow coating, coating with a roll
coater or a gravure coater, brush coating, and dipping
W@eoopoTE8Si on coating. [0083] In various enbodPCEISH)S/084161
the substrate may be nonol ayer or nmulti-Ilayer. For
exan‘pl e, the substrate may be a conposite of two
A4S 166 '7b'> | QY IR RO finfit bt 856°c 3@, 230°C, 220°C,

e coaté yrrer anong exanp

o2t1eeC, ¥ (30°(Dl]!90‘é1]’d@d?(t§elﬁoéc Iﬁﬁ)éprhemrtl&ae iaagerrmy(bﬁe ftome any lower

curabl e conposi tion may be di sposed on or in a

s]t}B?sttt‘Pa’l‘)éuPlﬁrﬁé?lt mul ti-1ayer conposites, forned by

ario C I
10088Y 21 1 01, RIS 053k SHPELH B S MUREREANGHEATIS usou o

| sdhssines, &tﬂuotdrerrmﬁsdectthealfﬂaaﬁrhan@, @batinys, castiaps,estructures for the

conposition may be | ocal.i t Q. avoi

. Such a o
o¥FEPIRasH FIKYSBY. and: atpEeut fivats 3RS s Tise dab it gronigsy industry,
e , i |
AR Sl BB TEO0 BBt A8 19800 B0 s
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ein nma ure a rat e of at | east .abo
v o gt 8GR Tngis I bREnBF 2p Fo el R pignt coatings,
haHbss ofheRe nHl' 0ectdd hiBodi@ents, hergesld b&ﬁpoMt@e@@émbed herein
and cat all{1 if used. In other embodinents, curi ng
ey be oise hin thetformetion of tesigfcogied | fels tsimiarcto these as described in

p\ggsd ?"%tsénpltl Pr% 1y 83 %lého S0 rat't:) g %Ereg‘[ ?gge@@ﬁ%e may be

177 'sUch ’pos rea S or ing at
[0089] enPer Thb@Sproedswing ﬂecﬁhﬁﬂ}&bs &QQ& aad 300kn cbl&@&ﬁies lcBntaining the
sone enbodi ments, curing be staged totprevent

estorbigansl Capasitigs dﬂf‘&loséd( aﬁaiﬂre Fometagple flamprigvinginggsolvent
gﬁ%élgg%gxfgb%ﬁﬁ%%hs taggﬁ?}é{] rgcefsﬁh%t <l elqk?l)és WW&% {h@Muncured

Ceffoxg Gedifyhaly belused Moecover, fibes in ltl[e! fogm if bgﬁdies mayi berayated with

commence at tenperatures beI o abou OC in

s JHRCHISH POXH KESUB SPBROH Oy 12 ‘@Ca‘f’ ¥ gtipragnt Wm 1ng, and cured to

epkpdi Site L 0087] I n sonme enbodi ments, curing

t enper at res may range froma lower limt of 30C, 40C,
[009050C, 6UREepak3Q€sin0DGEsiEOACHndI MG sitds] PB3ELibAIDEN may be useful

1300 1400C, 15?5 é C 170C,. or 180C to an éIgper

oA iy stectuzs) eng clestisgClantingipi cosRgs Ccastipep Elructures for the

1&9959%9- ﬁ'{&ovg\fé};,]ﬁg%lt %@ngg:'anéfvhfé Bid 1R tﬁ@@l[g@trcﬁﬁ?/s Qﬁustry, as well

from any imt to any upper limt
car ditrl ¢hec ditmtrwlonl ofh skiandkic poless fiskisg deds,r amb@tlkﬁ@r@utdoor sports
ural and

may .be as_adhesi St.ruct
irRes TR Ge T o SR P B PSP Speed B clectrica
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
PHENODUR 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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aerospace industry, and as circuit boards and the like
for the electronics industry, anong other

wa@ppbiooess ons. The curabl e conpositions di scl oB&rUS2008/084161
herein may al so be used in electrical varnishes,
encapsul ants, sem conductors, general nolding powders,

fil t. und e tanks ners US4 2no
TR rpaREtopBaP Gy ot R R Pl KRR 150°C fo
sgdoe GebuedTb THE rBeNédted E&ﬁleﬁM@@i&ar@@W@BDOWANOL PM are added
descri bed herein may be useful in the formation

rdewly Eotheetgagtor [te coal Hiel gactol coeris taabgelsed it é@d itgy dilute the
re§cu£q@%re'®abo%%§%f 8%‘%5)]6 t%l lj$ i ncorporated

herein by re erence ari ous processing

[0094] echni Haken&addLRONUAESE piépafd@lflg@ ai35610iBE1 224 paanba ldmyﬁllgilam1de in
t he epoxy-based conpositions disclosed herein,

eS@hhpres of the phengliofardensy solydon alra tepPefsiwg gt ﬂe°C aﬁae mixture is
p?‘%{a&lﬂsﬂop % 185 6b %Hh&t@é atpd(fa@qglgﬂ 2490 1%‘8&%59&?0%& WbGihed. The

uncure EPOXYy resin may reover |be
| soliitiven i thanotodledhdod %omﬁiyen’meralm&t eekultirtgh it faeclea llrombgeneous
epoxy resin conposition, laid up as by fil anent
WHHH Ny, and cured to forma conposite. [0090] The

[0095?00)(y Aeg‘drg%le O foﬁné atgﬁrg 81%@310&/ fchd! ;ﬂ%? 8? h bﬁ%‘ts of hardener

erei n may sives, struc
esadation Aawith 3n1|5npartssof a:bem agd, sobdmhi (B0 syeiglitrpectent berlc acid in

for the aerospace i tr as .cir t ards . and th
| Pebanch. S Soer e TGRS \rofion, BT bt Gierief solid in
f QEBho19An® T4 %lﬁaﬁs of K'ph&%l%ﬁoxyf h&V19(850AS ghtdeekedt DA N.® 438,

out door " sports equi pnent e ‘epoxy conpositions
dl%@te@wewenteDﬁ)%NHL ¥t rasmdemperetuee for £ Apurs, resulting in a

BB AR L e b B B Rion ot 170°C i
| 2 NEEkoh®, abdBREminRA byCOkk6lE @ite heshel b 1G08C ihdgplate based on
among others. [0091 MPLES [0092] Sanple 1 [0093] A

p?&mﬁ&odiP@&Ma@@iiélﬁhenol i c hardener solution is

roduc d as 580 g of DOP
[0096E9 10- g @%gkl - phosphaphenant hr ene 10- oxi de)

[0097§Nnd 56ﬁaﬂieﬁér SoMENEDRR %Pep%rehlbﬁagsmmgdz 4 9@Rt Bedicyastdiamide in

are charged to a 1- Ilterlﬁgass reactor equi pped wth a
n@éreatiscall digethylformamiflea(INdE) iahg tpraprieture #AF0F ¢+ ¢ Bep mixture is

c %@{éée%[ f%F 50 ?%%utﬁ]g;% tl,?lr e:?atturlg|é arfdo %)%ﬁ{hz ?Js\l,lmﬂs g ﬁ a c%a¥ elﬂ)tmo geneous

romr

t eyTdrg hiwvigg 2O vﬁﬂ@ume&s&%11ﬂgc@itémvut®m ﬁ@hbﬁﬁbﬂuﬁe.
evaporation of butanol, which iscollected in the

[0098§ ol vents ewrblecewmpositian isedeni Eyumet xubiending hérpagspel hardener
? o&@‘lgogg%&g% 3%?%#})30 ag Iagsgﬂg olne(%b Welgﬁn&?&%ﬁ“o&m acid in

are a
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
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 (Tj),

degradation temperature (T4), T 288, and UL 94 rating. Laminates are produced by
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slowy to the reactor to cool the reactor contents to

about 60C and to dilute the reaction m xture to about
w®2000070gB8 percent solids. [0094] Hardener solBCT/U82008/084161

is prepared by dissolving 2.4 parts of dicyandi am de

in 66.9 parts of the phenolic hardener solution at a

erature 0C. The .m xtur.e SRl °
| SRS e rspreRb el o oG SR Sl &8 afipgpre for 90
|§mﬁﬁgsa| ned. The solution is then cooled to room
enperature, resulting in a clear, honpgeneous
[00109b| ut i Gtass [ pegsfon cogtiterec dhpeshtresh wsing hewferentigh dscanning

blmeig Qg%@aumggﬁ;é %\/Ié{fm djl (?ﬁ?\?{?%é%zég% of)eA)ia\%tﬁgh ten{perature

i ¢ acl perc

b@f hﬁaﬁﬁdzcﬁ dsﬁlgﬁﬂidﬁmamg}aw&e@ﬁr Taﬁal?ils ATGA), where the degradatlon
2- phenyl i m dazol e sol utian ght percent sol

niSEPSHEIT laﬁ@ovdﬁdﬁatpsa@t\gelsht lasspﬁ%msn sag pesosding ée I{?§5Meth0d

EBSARL OB 25 Pobit & e dpdmpli GHRgBRUTERL The r2g8 i e

[ mna?qlumgm mqtulﬂed; dbtitth® rlamiﬁlate gtelZE;%ﬂgéEo afegl::l-dge and is measured
L t

b th Fite Mo BR-aRL S0 Hel o eans Fashanig, Anlyzer

&T%Q) RAsEE/Riin liﬂ:> Gir ”Eﬁmqqellt Riscddtyorneasired %cc&gﬁx%% the ASTM

npar ative Sanpl e 97] Hardéner solution
pPéHa medhdsl using sl Exbmghtz:ome peadt platef vishomyeserdi Ebm qbeopemes of the

9.6 parts_ of..di math for DMF) at a tenperature
of e eompids it pampRed R Taed tor 30 mi nutoe at
tenperature, and cool ed, Tggeliting in a clear,

nomogeneous sof ution, having 20 Vi giffle P CoiParatRk Sdiple 1
conmnt e”lPr Iﬂég a9 Hlé %&'cﬁ‘bﬁd?l ure. | ULHBJIIO\ CyTapt e g¢
8

o oot ==~ I SN <D

MiRaoa Ml ¥ ooy e pﬁa:r,'f%gQﬂPﬁ)_sr ndigg Ty perts o
sal ut n#an“@atﬁ;gpﬁ?ﬁmq{]&?r‘pm hnrl d_acid im nmethanol) 8

parts of a 2-phéRylini dazole sol dtid89(20 weightl75

per cent Ts@l 5% wierghtbstsh 6ol ) and 74.63Farts of a pkBnol

epoxy novoTa88(Mmutei ght percent |D. B.ad (1) 438, >1&0

wei ght percengyO@MNOL PM) at rodm tegperature fyp 2

hours, resul Tl ng in a homobgeneous sol ution. Ihe gel

rreoft curabl e c stl .
01034 3° Sh' 540 e KSR Tp HIE LY SO sDRFPGupE nevie
Cmﬁtﬁbklp@ﬂferﬁeﬁaﬂ? Be formied uSgRiddyahdivmideanitheut DMBNdn addition,
ce

| am nates produ fromthe curable conpositions are
megynates) 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.

[00102] 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, DMSO, 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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i ncluding prepreg gel time, mninmumnelt viscosity,
glass transition tenperature (Tg), degradation
wao eoper@Essire (Ta), T 288, and UL 94 rating. LardTiHS®E8/084161
are produced bypressing 8 layers of prepregs with 2
outer | ayers of copper foil at 200C for 90 m nutes.

0100] G ass.transitiQ L& tur S S
d‘i“fl?re%' eoﬁlf F afPP hgaathorﬁsng Accgl or (r&) MY 9 &gﬁ%%&a hétéin may
Merokld beDMNf&EQhé’m&sé’t&onMﬁﬂﬂ&t foaied ﬁﬁﬂﬁt’h@tmmﬁ dosnpositions,

nmeasured using thermal gravinmetric anal ysis (T&A),
wivaete the dhegmgses rampepition hge bathup ighsd @cgamoalélan dempegpture and a

e
e s d57sn 5 paaER, RO Sec bbb Aths may have o
aviatosite rthdt tehmizeéhat EagBoriesoft Yuadsyipoomiibet iveeingeend peat prepreg
for the amnate at 288C b@pd%&gade, and i s nmeasured
aRRPSPANRgVET YSERBCAYIS PESTTG50 2. 4. 24. 1 using
[0010?‘:er MOWRE RO Ul shP Fholgss A TiYRd AmdLEbod éHt§ those skilled
melt viscosity Is neasured according to the
Cidthe reet, hading diengfitanf @iy distibswenwilhapprpdiatedhat other embodlments

Zl]}nz}g %ne,tsgylgeﬂl U\Ex #’agg eryl S of ggg}eﬁ%gri%%e %e present &sclosure
| hbdbilin ?Iye%e%oﬁé"ﬁloﬁﬁﬁ&l l’ilﬁﬁéd"oﬁr ?%Qhelatta%ﬁé@&hi%s

conposi ti'ons havi ng acceptabl e properties may be
formed using di cyandi am de wi thout DMF. |In addition,

| am nates formed from Sanpl e 1 have a hi gher gl ass
transition tenperature than Sanple 2, possibly
resulting fromresidual DVF solvent in the prepreg,
resulting in a plasticizing effect in the cured
conmposition. [00102] As described above, epoxy resin
conposi tions disclosed herein may include

di cyandi am de as a curing agent, where the sol vent
used for the dicyandi am de includes a
phosphor us- cont ai ni ng phenolic hardener or a solution
of a phosphoruscontai ni ng phenolic hardener. Such
epoxy resin conpositions nmay provide an alternative to
usi ng solvents such as DMF, NWP, DMBO, and other toxic
sol vent, high boiling point solvents, or other
solvents not suitable for use in applications where

| ow residual solvent is desired. These epoxy resin
conmpositions may be used to form curabl e conpositions
and t hernoset conpositions, such as for use in

el ectrical |am nates, coatings, conposites,

el ectronics encapsul ation, and in circuit boards, anong
ot her applications. Advantageously, enbodi nents

di scl osed herein may provide for DVF-free thernoset
conpositions, formed fromthe resin conpositions,
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where the thernoset conposition has both a high
deconposition tenperature and a high glass transition
wao eqoper@Estire. Additionally, the resin conposi t PONES2088/084161
have a viscosity that mnimzes at | east one of voids,
poor fiber wetting, and poor prepreg appearance when
used as a coating, fille ] Wiile the disclosure
includes a limted nume¢L&%@§bodi ments, those
in the art, having benefit of this disclosure,
Whati%l%Hl}nggpr eci ate that ot her enbodi nents nay be devi sed
1. WA substagtialig thotheygamdout salatibh eospeipmgof t he present
di scl.osure. . Accordingly, the scope should be Iimted
onI Wiggndigmid; pad hed ci ai ms. CLAI M5 What is claimed: 1.
id BlrhohePRAREEARMACPRRA, compri sing:
di cyg;h ?glmlyir 5 %he%glfc har dener havi ng the
gener al forrrula V\,here R Gthd '?2" Ky be_t he sane or

di fferent and each reRrese o PR adi cals, with R
bei ng an al kyl or aromat i Ch R \Es hydrogen
an al kyl or aromatic radi or -

nis a whol e number withinhthe I age ﬂrom ao 100 2

The solution of claim1 further conprising a solvent
conprliese RY aatl R'eamly lentheafamenoradidiehamit and chelt oepeeseatscR-aor RO-
gl ycol ether in the

he so ion of cl ai er
al cohofadis W"g‘e% Smgl?fla#@fl Or Aromgfic 126 cﬁiﬂ WE 1§ fydiogen, an alkyl
one of 4Cl3iARc %ad’%@al V\A@Jizl?"(@ e, KleL@H?OROHTﬁ h SADIEREAYEr within

et hyl ketone. 5. The sol ution of any one of claims
2- 4, V\ﬁerrmgcrft(haOgby@@I et her conprises propyl ene
6. The .so

2. U S O el Rt s Py e soBings Rl Ty one of an

Talcdig, am%t@ﬁd and 9k1ye0Yethete of claims 1-6, further
conpri si ng at | east one additional har dener sel ect ed

3. f Togrsal pigonpinlamed vdiesein thy deohs! perapuses adueangk
« AREIS, IR 0% 5 OO B st i
Skdtoiid. on conprises: 1 to 60 wei ght percent of the

5. p’?‘ﬁen gcl)llut(iort] g{ gr?yngrge 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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1 to 20 wei ght percent of the dicyandiamde; and 5 to

30 wei ght percent of the solvent; wherein the weight
w@ereeniusyes gi ven are based on the conbi ned wedT$2008/084161

t he phenolic hardener, the dicyandi am de, and the

solvent. 9. A curable conposition, conprising the

u abl e

10§ghnep ouSr %m@{g «{H 3f cef@gm %%kfe@&ﬁ@i@o%c&s&%n cEng)rfséU

Comﬂltﬁegwe@ltbercgﬁdﬂ&h@éﬁoxpe&ﬁmnt of the epoxy resin,

0.01 to 5 wei percent of the djcyandiamde; 1 to 40

wei §itl tﬁér‘bf@ﬁg R?F"@h%f‘b‘ﬁéiﬁdpﬁl@aq‘?&]redener and 0 to 30

wei i at | east one of

an gr{égﬁg’fﬁgfﬁtpﬁgﬂéﬁ%ﬁ% ﬁlgéhtghg %% ér er; wherein the

wei @hb 3pema1§rttpagmst of a/sivet eoropssog a‘nleash ene ofrim alechol, a ketone,

wei ght of the enol i ¢ hardener, the dicyandi am de,

t he epwgleg(?lr? tnd the sol vent. 11. The conposi tion

of IMérRehOvedhtipbReRnddd: %1‘0@&?51&' Pastd@naROXYmbARH weight of the

conpri ses an epoxy term na

pol yoxﬂmbh@baréemﬁhedmyh@dlmrﬁ@othn@pomresmh and the solvent.

wh
11 BT S RIoRE SSRE R AT SEEE el v e EpQSL R ditbrises an

f@ﬁb&&*t@ﬁnﬁﬁt&dpkﬂyoﬁzoadmmeﬁngeompmnd and a
pol yi socyanate conpound. 13. A thernoset resin,

12cBprepsipagitioneol skdmi bh SHhSERife tthe f epoxH @ﬁawtqdeeplryoxazohdone-

géeo‘rf]%eﬁﬁﬂh? %&%@13@9 %,QQACItI g?&diil%{'@{) eB 1cieh@ompound and a

dpdlyiesemhatardmpentt. r epr esent s R- or ROradl cals W|th R

bei ng an al kyl or aronptic radlc |s hydrogen
13aht£qr¥?3?§etd?5"é’rc8ﬁ%ﬁs€‘gr gifeagiion px ("g) RR', or -
Rsiphol e number within the range from o to
100 A process for form ng a di cyandi am de

har deryendiemigeosnd i on, corrprl sing: adm xi ng
di cyand| m.de.and, a nolic rdeper having the

gendérPieng bcr}?‘?ﬁﬁieélem%vr‘ C ESRYARO™MEY be t he same or

di fferent and each represeis IR" «UH ROradl cals, wwth R
bei ng an al kyl or arog® ' R"Ris hydrogen

an al kyl or aromatic radj Q) B\R', or -CH OR
nis a whole nunber wth R

ORan %ﬁb

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.
14. A process for forming a dicyandiamide hardener composition, comprising:

admixing dicyandiamide and a phenolic hardener having the general formula:

H Rl" OH
O O // Rll
Rl" n
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the range fromO to 100. 15. The process of claim 14,
further conprising adm xing a sol vent conprising at

wo e@sn7@se of an al cohol, a ketone, and a gl ycedT/E51908/084161
with at | east one of the dicyandiam de and the
phenol i ¢ hardener. 16. A process for formng a

di cyandi am de-¢ont aini curabl e .conpasi;ti gn

compRIET Ry:and Ry Bl e, sais Aot aid eaftl eprsents R- or RO-
har dengididals, W@th'R dcidgradenen of arifgid jadidal; WiErighpdioRen, an alkyl
phenol i c hardener has the general fornula: where R .
and R’ oh#pmgic ratcaard B O R epeneHa@B; B¢ A whole number within

repres&lgtrghfgi-fé(ﬁ;ﬁp@g@&i cals, with R being an al kyl or

aromatic r i s hydrogen, an al kyl or
15aTxerptdcessr aftelaial 14, fGirtheX CYripiiding admixGry 2GBvent ca@mprising at least

whol e. nu r- wthin the ran from0O to 100, ) .
i % %aqg L sGIORe P AgYRT FHer Hith b et %@3@? flicyppdiamide
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 Rm OH '
Rm IR
OO
Rm Rl" 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,0OR; 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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