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1 CURI NG AGKOre/3#8 EPOXY RESI NS Field of the InventPEHUSIS
,The present invention relates to curing agents for epoxy resins and to
“their use. 5 Background of the Invention Aromati c

am nes . such. as nethylenedi-aniline (i.e. p,p - _
bi s(am nophenyl ) net hane), net aphenyl enedi ani ne, etc,. have been used as
epoxy curing agents for many years in applications which demand high
mechani cal strength, high glass transition tenperatures, and high chem cal
10 resi stance. Because of the toxicity associated with such am nes, it
would be -~ "~ desirable to find replacenents for such am nes that have
| ower toxicity, -but which retain one or nore of the performance

- characteristics of such am nes. The trade bulletin AM CURE
PACM Curing Agent (Pacific Anchor Chem cal Corporation, Los
Angel es, CA) discl oses that the conmpound bis-(p- 15
an1nocyc|ohexy|)nethane has been pronDted for use as a curlng agent in

CURING AGENTS FOR EPOXY RESINS

Field of the Invention

The present invention relates to curing égents for epoxy resins and to

their use.

5§  Background of the Invention

Aromatic amines such as methylehedianilihe fi.e. pp-
bis(aminophenYl)methane), metaphenylenediamine, etc,. have been uséd as

epoxy curing agents for: many years in applications which demand high
mecﬁénical strength, high glass transition femperatures. and ﬁigh chemical

10  resistance. Because of the toxi_éity associated with such aniinés, it would be
" desirablle.td find replacémeﬁts for such amines fhat have lower toﬁ(icit_y, but
which r-etain' one or more of the perfoi-mance chéractéristics of such arﬁines. .
The trade bulletin AMICURE PACM Curing Agent (Pacific Anchor
Chemical Corporation, Los Angeles, CA) discloses that the compoynd bis-(p-

15 aminocyclohexyl)methane has been promoted for use as a curing agent in
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PCT/ US95/ W9196(04328 the el evated tenperature cure of Ii%ﬁ'\"’ﬁsgé%w
resins as an alternative to aromati ¢ am nes.
| sophorone diamne is a cycloaliphatic diam ne which could be used

rosi Stance ot levarel twnRer Ity SuE i il UpRy Pedke s THE Eelidtive to

| nventi on . . This invention relates to nethod of curing an epoxy
resin conpri SAAEHALIC amMINeSyj xj ng an epoxy resin with a curing agent sel ected
fromthe group consisting of (i) a mixture consisting essentially
of 1, 2-di ani nocyclisbpharoneadiamine is @ cycloaliphatia diaming which conldbe usede
reaction product of reactants consisting essentially of an am ne

conponent cong Teplidecarsinatie! ayniAés 1for2-applications dwhereotighl tempenatured an
al i phatic pol yam ne and an epoxi de conponent havi ng an epoxy

funct i ongl 'y Bi<tal & of 8 cAPEd CahG!i8 Pbijuifed! ol yei dyl ether of _an

aromati c di ol "having an aver age degr goneri zation of less than 15
about 3.5., preferably |less than about 1.5, and preferably derived from an
al kyl bi s-phenol, e.g. bisphenol A), provided that the ratio of primary
am ne equi val ents of said am ne conponent to the total epoxide

equi val ents qdu of the 'D\_’ 9Nde conponent are greater than one (i.e.

t he nol ar equival ents of primary am ne groups of said amne_
conponent are in €Ruisdsveartionwlates 30 mahod of euning ancepaxyresip COMRIISINGups,
e.g. aratio of fromabout 1.5:1 to about 50:1, preferably from

i‘gm{; | 3:1 to RGN a”EpbxyTRSIA WitRTeeéuring agértreeldtad from the gréup consistingt ‘

of {i} a mixture consisting essentially of 1,_2-di_aminocyclohexane and an
10 aliphatic polyamine and (ii) the reaction prqdu{:t_ of reactants consisting
essentially of an amine c.‘on'.tponent co.nsistil.'\g éssentially of 1 ,2-
diaminocyélohexane and an aliphatic polyamine and an epoxide component
having an epoxy'func':tionality greater than one (preferably a dig!ycidyl ether
of an aromatic diol having an average degree of oliQometiz_a_tion of less than
15 | about.3._5., preferably less than about 1.5, aﬁd preferably derived from an
alkyl bis;phenol, eg bfsphénol A), provided thaf t_he ratio of primary amine
equivalents of said :ami.ne cohponent to the total epqxide eduivalents of.s_aid

epoxide component .ére greater than one.(i'.e. the mola:r._equiv'alents of |
_p'rimary amine groups of said amfne component are in exc.e.s's 6f the molar
20 equivaients of epoxide groups, e.g. a r;tio _of fr_orh about 1.5:1 to about

50:1, preferably from about 3:1 to about 20:1, more preferably from about

6:1 to about 15:1).
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The curi n&'%?f@ﬁ?”i s mxed with an epoxy resin in a two corrpB
,resin system The ampunt of the curing agent should be sufficient to
pr ovide a reactive am ne hydrogen content essentially equal to the epoxide

‘eauivalents provicgfe Biirihg wgeRRIY mixel"Wwith an spoxky PBER irCd (P Eshioridht Of

the I nvention curing agents his I nvention are

226t o nocy PBHE BUREMr T heea'awa'%rtm&“ﬁ*‘et SugihR0 AGRS SELIE R Rtk 1o

polyamine, i.e. . other  than 1,2- di am nocycl ohexane, The m. xt ure
of these two RIGYig8RIRaStvE anyBe hysrogen coptent gssant %&ﬂﬂ)it to fherpppxide
scope of this invention. In certain enbodi nents, . the curing agent

i s an adduct -esfuivalentsapravided dyvihehepoxypasin. conponent havi ng an
epoxy functionality greater than one. The nature of these '
conponents w Il be addressed in turn bel ow The aliphatic

pol yam nes useful in this invention are organic anm nes 15 (other than 1

, 2- di amghocy %@%W functionality great er

than onesqand% fidg 1 g. benzenoid, substituents that
are coval eqgt bonded to a i ne nitrogen Thus ound such -
25 Mt a- he euine agants, O B, Tieensiart S nrapafec Fraf dove maior

pol yani ne because al am ne nitrogen atons are coval ent | y bonded to
benzyl i c car mampeneRIs, Jihedirst gomponentis 1&-diaminasyriehexage. Ffke speend |
al i phatic pol yam nes are al kyl ene pol yam nes. Exanpl es of al kyl ene
pol yam nes arcorhpenémt\erisal apl eafiphatic polyanyine neise.andthener tham yal Ryl ene
pol yam nes. These preferred naterials
: diaminocyclohexane. The mixture of these two components can be used as
10 a curing agent within the scope of this invention. In certain embodiments,
the curing agent is an adduct of such a mixture with an epoxy component
having an :epoxy functionality greater than one. The nature of these
components will be addressed in turn below.
The aliphatic polyamines useful in this invention are organic amines
15 - (other than 1,2-diaminocyclohexane) that have an amine functionality greater
than one and that are free of aromatic, e.g. benzenoid, substituents that are
- covalently bonded to an amine nitrogen. Thus, a compouhd such as meta-
xylylene diamine wohld be considered an aliphatic polyamine because all
“amine nitrogen atoms are covalently bonded to benzylic carbon atoms rather
20 . “than the benzenoid ring. Preferred aliphatic polyamines are alkylene
polyamines. Examples of alkylene polyamines are the lower alkylene

polyamines and lower polyalkylené' polyamines. These preferred materials

are commercially ‘available or can be prepared by conventional preparative



are comrercially avail able or can be prepared by conventi onaérf&gglgﬁr‘gt I ve

3 \W096/¢28 28 P
-PCT/ US95/ 09140 _ techni ques. Preferred aliphatic polyam nes contain
at | east 2 ami ne nitrogen ‘atons per nolecule and at | east 2 am ne

nyar ogen at ofEerpupudts) Efdfped Aibhgc palyamihés EEAtAY aleest 2Ndmine?infien

hydr ogen ato are reactive

ith i de). Usef ul I ' ' ; I '
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atons, and 2 to about 12 carbon atons. M xtures of am nes can al so

be used. . preferably atisastpBecamiste bydrogen ssemsg:per molaculp) and MHI0FAEE nes
such as et hyl ene diamne, 1,2-propylene diamne, 1, 3-propylene

di amine, 10groups. whith \dreneadtinsi with époRidali yUsefuldpalyamines, typicaliy ene
di am ne, 1 ,5-pentylene dianmne, 1 ,6-hexylene diamine (i.e. 1

, 6- di amgnohexgpgdin al:o&? 2 to aboyt g%iﬁ'e%?ro@eﬁrﬁﬁﬁis ped tholesifles Fetalaboute,

and the like. Al'so use I n i'nvention are pol yam nes of the -

an al kyl enc. 8 BUINe Selbafh storet, 3ot 2 HEUR, T2 carben, afome, Myl 0

carbon atons do not exceed 12. anpl es of the preferred nono-

al kyl ene pol Painas sanRlsehe used-put yi ene di anmi ne (tetranet hyl ene di ani ne),
1, 6- hexyl ene di am ne (hexanet hyl ene diam ne), and 1, 8-octyl ene di ani ne
(oct amet hyl ene di &xamplesTok suchy amines rerepthe alkyienen polyamines asych nas
secondary am ne group. Exanples of polyal kyl ene pol yam nes include 20

di et hyl ene tigtRyleR®. didmife)y ! E2epropiiend ndiarnirie,acl[B-peopylpnat adiamine,
-. pent aet_ hyl ene” hexam ne, dipropylene triamne, tributylene tetram ne,
10  1,2-butylene diamine, 1,3-butylene diamine, 1,4-butylene diamine,
- 1,b-pentylene diamine, 1-,6-hexyle_ne diamine (i.e.. .1",6-qiam.inoh'exane), 1.7-
heptylene diamine, 1,10-decylene diamine, and the like. ' Also useful in this
invention are polyamines of the formula H,N-R(-NH-R),-NH, wherein n is 1
to 4 and R. is an alkylene group containing 2 to 8 carbon atoms, provided the
15 | total carbon atoms do n_ot-exceed 12. Examples of the preferred mono-
alkylene polyamines include 1,4-butylene diamine (tetramethylene diamine),
1,6-h_exy|en§ diamine (hexamethylene diamine), and 1,8-octylene diamine
(octamethylene diamine). The polyalkylene polyamines have at least one
secondary amine grbu.p. Examples of polyalkylene polyamines include
20 __diethylené - triamine, | triethylene tetramine, tetraethylene pentamine,
- pentaeih.y‘liene .hexamine, dipropylene triamine, tributylene tetramine,
trimethylhexamethylene diamine, hexamethylene triamine and the like. The
more preferred polyalkylene bolymines are the polyethylene .pollyamines

with the most preferred being triethylenetetramine and diethylenetriamine.
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‘tri met hyl hexanet hyl ene di ami ne, hexanethylene triamne and the like. The
nore pref @Y‘Pmtﬁyyal kyl ene pol yami nes are the pol yet hyl enePEELY

Mth the nost preferred being triethylenetetranm ne and di et hyl enetriam ne.
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1, 2- d: am n](c)cycl ohe‘%gﬁ%df:caﬂi?@?slb‘g%%lrItﬁrg;?%gﬁhgggﬁélgbpgﬁg iccanpgfsfaﬁlene.
bi 5( p- am nocy S90S PlIRRREBOW ARG n S3aTRI BLFUSh AleYSISHREHIDRE iFluHP e,

" and 1, 3-cycl ohexanedi met hanami ne. 5 The mixture is conprised of
a maj or anourhis{p-aminogyclobaxyl)methane, N-aminpsthylpiperazine cisophoronediaming,
basis of 1 ,2-di-am nocycl ohexane and a m nor anount (i.e. less than
50 equi val entamekn ¢3tiytiohexanetiméthananiinel an al i phatic pol yam ne,
preferably at a ratio of 1,2-diam nocycl ohexane to aliphatic
pol yam equi val CE: | de bauuk er](i' - r al 0 10
2.5:1 t?about 6: ﬁ%d%n%%eg?rseggw ] yeaatt?gu? g.ﬁm:}o a %ﬁ ?%61%% let 50 _
The curing agent. can also he an adduct. .of .t bove-d I : .
mixtare of amaHEEBerkSan or 8 cB0iE Res of. AR ERHexaRE nd 8 miner,
greater than one. One of the advantages of such an adduct over the m xture
of anines it sameunt(ien lgss;than\BQ equivalenspereanthpna melarhasisof an alipbaticpy

the 15 formati on of the adduct. This increase in viscosity may, in
turn, desiralkpolyamine, préfecablysat taheatio safodj2-diarhinmcyclchexanef ta faliphdtiact
with an epoxy resin to be cured. The epoxy conponent useful in this

invention, - t hyélyaftilfie FYuiiIEnE&Cof from about "Rl RNabblt 185 Bapriferdbly dbbut
10 2.5:1 to about 6:1 and more preferably about 3:1 to about 5:1.
" The curing agent can also be an adduct of the above-described
mixture of amines and an epoxy component haviné an epoxide functionality
.- ‘greater than one. - One of the advantages of such an adduct over the mixture
of amines itself is that the viscosity of the mixture can be increased by the
15 formation of the adduét._This increase in viscosity may, in turn, desirably
increase the viscosity of.a' mixture of the adduct with an epoxy resin to be
cured. The epoxy component useful in this invention, thus, has an epoxide
functionality greater than one.
| Examplés of eboxy resit.1s are glycidy! polyethers of dihydric alcohols
20 e.g. aliphatic glycols braromatic-_glyeolé) and contain, on average, more
" “"than one, but not more tt;an two 1,2-epoxide groups per molecule. Such
polyepoxide materials are derived from an epihalohydrin and a dihydric
phenol and have an epoxide equivalent weight of about 100 to about 4000,

preferably from about 125 to about 525, and more preferably from about



Exanpl es of epoxy resins are glycidyl polyethers of dlhydrlc
(e.qg. al WheaM04328y| ycol s or aromatic gl ycols) and contain, ’ﬁé’;"?"gg‘{? m)re

than one, but not nore than two 1 ,2-epoxide .groups per m)l ecul e. Such
pol yepoxi de materials are derived froman epi hal ohydri n and a di hydric

phenol and | quiV n 0 m&g@, {00,
Er ef er abw) gﬁﬁrzf%g{ﬁ)m‘)i&z@ Eéﬁ{n%éé% %gh}ﬁc)ir e pre eérrgbl b&f rom t‘)’gut
PCT/ US95/ 09 1epjbromohydrin jans! tee"aﬁehvd%%ow'ﬂtfafﬁh'e?'md@p Pring, R\;%fﬁrfﬁe are
epi chl or ohydri n, epi bronohydrin and epiiodohydrin, wth

epi chl or ohy dAliphaic rglygolsfiacluds. 1,4-butanedipl gng: pelvgoywoyviem)ua'ycols

1, 4- but anedi ol and pol y(oxypropyl ene) gl ycol s. Aromatic di hydric

al cohol s ar epfrastit | dihpdri®Yalésholscareobxemplified Ubyaesorcindl, hydroquinone, -
p, p - di hydr oxydi phenyl propane (or Bisphenol A as it is commonly called),

p, p' dlglydm%?b 35 ngﬂm@ﬁ?p%aywrcmgﬂhmg%la&ms dﬁmuﬁrrﬂvbanedwl

te':]halnek bi st B Lo I A me]'E hane oxynapht hal ene and .

e like w | no e referr xi de

mat eri al s ar%p\/\gs"p W’\zﬂ bﬂ'g 'gﬁ'tp'anﬂ‘?‘g{F‘?%"dB""’lﬂ PP’ d&iﬁ % ecul ar
wei ghts by reacting the epihal ohydrin and the g’l q_‘ ii ohol, in
various r at iethaoe; gjs -(2-bydroxy-naphtindl-methareyhbi -fihvdraxypgphthalene ’and

nol ecul ar wei ght pol yepoxi de material. Preferred polyepoxide materials are
gl yci dyl pol thet liley withf BisphehehAl beingapreferreghoxi de - equi val ent wei ght s of

about 150 to about 525 and, thus, have fromjust greater than 1.0 (e.g. 15

from about 1.1) tm&s&ﬁol{,aﬁéxnaaﬁa&rﬁls( srewellrkricwalinithe Zaré andi drednade

phenol groups per polyether nol ecule, and nore preferably have

epoxi d.Foeqw Ma&eesﬂ'ted molecular weights by reacting the epihalohydrin and the dihydric

| alcohol in various ratios or by reacting a: dihydric .alcohol with a lower

molecular weight polyepoxide material. Pre_ferred bolyepoxide materials are

glycidyl polyethers of Bisphenol A having epoxide equivalent weights of

about 150 to about 525 and, thus, have from just greater than 1.0 (e.g.

15 from about 1.1) to just I'es.s than 3.5 (e.g. up to about 3.4) dihydric phenol

groups per pol?ether moleculs, and more preferably have epoxide equivalent
weights of less than 400.

The epoxy component may also contain mono-epoxy compounds, e.g.

an aromatic mono-_l&cidyl ether (i..e., a compouﬁd having at least one

20 aromatic ring having attached thereto an egcidyI_- _functibnal group and no

‘oth'erl reactive functional groups). Represent-_aﬁve examples of aromatic

mono-glycidyl ethers include the monoglycidyl ethers of monohydric

aromatic alcohols such as phenol and -_naphthano_l; mono- or dialkyi-

substituted monoglycidyl ethers of monohydric aromatic alcohols, said alkyl

s

¥



“weights o an 400. | The epoxy corrponentl,g;*a,\(J @’(?fﬁ
contain rr%vrd)&zdéa% conpounds, e.g. an aromati c nono-g ys ? et her
(i.e:, a conmpound having at |east one 20 aromatic ring having attached
thereto an glycidyl functional group and no ot her reactive

functional . gré}u hBYH g From2 abbat o u‘?f4a&§fﬁd G@toms, such as the

nono- egC|dyI rs I ncl ude t he nonog yc et hers of nonohydric

ubati tut 28“&5&%@?@%@3&?@?# “°'°5$§1ﬁbﬁ1o§{%§?f39 1ol ProdLBhEE e-avey o

6 WO 96/.04328
PCT/ US95/ 0914¥enol, p-ethykphengl onirverapyirrRhansbgmx (nPropyiphanol R PP ons,

such as the nonogl yci dyl ether of o-cresol, mcresol, p-cresol,
o- et hyl - phencphennlebhybpropyl-phenohrmﬂsbprqp\é-mndnqhhpﬂsnpropyl-phenol o-(n-
0- (n-propyl)-phenol, m(n-propyl)-phenol, p-(n-propyl)- phenol ,

0-i sopr @yl - ayphefiol &ﬁnhww-@mnal p-m-bﬁﬁgli-ﬁhhhonhm buﬁﬂ(—ﬁhenoﬁ p-
butyl) - phenol F buty -p henol (n-butyl)-phenol, m(t-butyl)-phenol,

(%%Wii -bhBR&IN2 #d%nﬁﬂ% Bﬁkﬁﬁll *Jog?ﬂ%thy? Sﬁ flb éheﬂ'}qthWﬁrﬁhyl-

p-
3- et hyl - 5- et n pro

2 T4 o P ER4 rspromy-phenol, or @iy eplfibigiac" © ' ©

conmponent are greater than total epoxide 10 equi val ents of sai d
aromati ¢ gl ycidyl Ene&atios@fthedranctants ene selegtad sp that the primapy aminec
diol. This neans that, on average, less than all of the primary

am ne groups evidiValbatsanethbedmineseomptmentaaimeg'eatere.thangtm‘ap epoxide
havi ng - - a reactive secondary am ne hydrogen, albeit |ess reactive
than a @i margquivalents of said aromatic glycidyl ether and said diglycidyl ether of an
aromatic diol. This means that, on average, less than all of the primary
amine groups will be converted to secondary amines (i.e. a group still having
a reactive secondary amine hydrogen, albeit less reactive than a primary
amine hydrogen). The ratio of total primary amine equivalents of the amine
15 component to the total e_pbxide equivalents of said epoxy component will
- preferably be from abaut'1;5:1 to 50:1, preferably from about 3:1 to about ‘
20:1, more preferably from about 6:1 to about 15:1.
- While not wishing to exclude any other components Unneceésarily, it
is noted that the use of volatile acids to salt the curing agent are not needed
- 20 in the curing agent and so should be excluded. Further, it is believed that
| ~the selection of components is so important to the 'performanée' of the curing
agent that other components which would affect the essential attributes of

the curing agent, or cured epoxy resins prepared therefrom, should be

excluded. The skilled artisan will, with the aid of the following description,



am ne hy The ratio of total pti mary am ne equival e am ne
%@%@ﬂ%@ . . \ ggi idbsbdlS

o the total epoxide equivalents of said epOXy component
WI|| preferably be fromabout 1.5:1 to 50:1, preferably from about
3:1 to about 20:1, nore preferably fromabout 6:1 to about 15: 1.

Wi le not w saﬂyewdsﬁmmma hér & mmombananﬂﬁcawubhm drhount

IS noted that t use of volatile aC|ds to salt the curing agent are not

per  oved.  napvll etdLE Y AARE e Ak g BBHh L i SSSRAR APl T 1 °

performance of the curi hat ot-her co nents whi ch woul d
affect the essent ﬁ-HP fat'ﬁ?q'bme&umf's gVF"“ lly majintained; at HBBEWF? t?ﬁ“"@[ﬁtHEPsepoxy
resins prepared therefrom should be excl uded. The skilled artisan

will, with tHderingdthef raaesionol Smhrlgmrwamrpm avgid degradative side reactions
7 WO 96/ 04328

PCT/ US98/ 091hich can affecb@hﬁhbpehﬁarﬂb@t(%r §i by excessive colpefdrnsatic) dfonmnent
in a partlcul ar anount |1 affect the attributes of the curing

agent in an plcal temperatures th-gi@vme@&}ﬁdﬁﬁtdﬁéﬁ tiring the

typically maintail neg at rmde ate tenperatures uring the réaction.

Such tenperatures av0|d Shd ap. af f ect
Che appear antaActiery rengp ET3BRLE SRy T BBRGE BRI°Cy raferaly o fhdls 7,
product. Typi C%| tenperat ures that wi || be ngintained during the

reaction. ran§0°G 3 about HAP2Ey for @ot"a‘soﬁt'ffﬂﬂ?felt?]@""@rﬂ'ﬁem!ﬁ@ﬂ r®m
about 60[err]C to about 100[err]C, for a time sufficient to bring

t he reacti oncompletion, typicalippabouhd minuytesctd 4\haursutLdwer tamperatures hnayr s. ‘
Lower tenperatures may 10 be enpl oyed at the expense of increasing the

(ra i?fhhgoo;;ggﬁ eﬁ‘)lﬁlo&%ra;écﬂt tlﬁgaeb)lc%endsggcr)fggﬁrb'éﬁlhg thb T8aétion tithé.y THecRSaRtioho
medium is also typically treated to exclude oxygen to a practlcable degree,
~ e.g. by blanketing and/or sparging the reaction zone with an inert gas, e.g.
dry nitrogen.
Tl'te curing agent is used for curing an epoxy resin having more than
15 one terminal epoxide group. Epoxy resins are described by L.V. McAdams, ' '
"Epoxy Resins", E ngylglo'gggi.a of Polymer Science and Engineering, vol. 6,
pp. 322-382 (John W_iley & Sons, Iné. N.Y, N.Y.,-198_6) the disclosure of |
which is incorporated herein by reference. Examples of epoxy resins include
liquid or 'soltd, resins based on epichlo_rbhydrin and bisphenol-A, phenoxy
20 resiaé, epoxy resin esters, epoxy phenol npvola_c resins, .epoxy cresol
-novolac resins, glycidyl ester resins, cycloaliphatic resins, and epoxidized
oils. In preferred embodiments, the epoxy resin is essantially free of

compounds in which an aromatic, e.g. benzenoid, substituent is covalently

bonded to an amine nitrogen. Thus, in the preferred compositions of this



e.g. by blanketing and/ or spar gi ng”the reaction zone with an inert gas,
e. g y '&onggitrogen. : The curing agent PETOREE0914p
.L£uring an epoxy resin having nore:than 15 one term nal epoxi dg group.
Epoxy resins are described by L.V. MAdans, ' "Epoxy Resins",

5355 S O Wt B 8 s B f g T ooy

[ is i i,n b f ., EX | es, epoxy,resins i nclude
'Tauid or sol FEPPEATRISTEESAr Seech i Gresmla sommRatOns ReAe Khe durii) |
20 I ns, in esters, epoxy phenol novolac resins, epoxy creso
-novol ;?Ir 22. Rgﬂgﬁvéquﬂdlh%i@hﬁwg @8, wely o5 eRoxynaviolag eesing., Thedihydric
epoxi di zed oils. In preferred enbodi nents, the epoxy resin is

essential |y fpbenols employed to prepardtherepuXycresins arefurther desgribdu iz BNS d,
substituent is covalently bonded to an amine nitrogen. Thus, in the

preferre8 conpati Noo#,24%6,1485 It is particularly preferred to employ those glycidyl
8 ' WO 96/ 04328

PCT/ US95/ 091428”%%’%%3)?5&“%“@ tﬂﬂvdﬁé %g‘iog Fsgbéﬁbgéb*_gr’n ne resins shoul d

not be enpl oy use in the curable

conpositions inclu the glycj dyl . . ,pol yethers of dihydric phenols
as rr\E)vel | as epoxy n%ﬁl%"%ﬂ%&wsﬂ? Hﬁ'f'\h‘?‘f@ gr.esent in therrurisigscempositian o
prepare the epoxy resins are further described in US. - Pat_. No.
4,246, 148. |t 1§ Brefarably sufficienptefashiexe substaptielly tstoichiarhetricigquivalence
pol yethers wherein the di hydric phenol is bisphenol-A. o The
amount of epowjttr thei reactive amino PydrstEns' on the eAd'ddppedosieXéy-ahfife adduct.

is preferably sufficient to achieve substantially stoichionetric
equi val ¢0ce . In general, it is preferred to employ the epoxy resin in an amount sufficient
to achieve an epoxy to reactive amine hydrogen equivalent weight ratio of
from about 0.5:1.0 to about 1.5:1.0, and, preferably, from about 0.8:1.0 to
about 1.2:1.0.
| The epoxy resiﬁ and curing agent composition can be used in any of
15 - avariety of applications as disclos_ed in "Epoxy Resins" at pages 370-380.
- Such applications include the use of the composition in laminating, filament
winding, pultruéion-, casting, or molding. For example, in filament winding,
the composition is used as a binder for the production of filament-wound,
glass-reinforced struétures, e.g. chemicél-resistant pibe.
20 ) The following examples will serve to further illustrate the invention,
- but should not be construed to limit the invention;_ uﬁless expressly set forth

in the appended claims. All parts, percentages, and ratios are by weight

unless otherwise indicated in context.



with the reactive am no hydrogens on the end capped epoxy-am t. 10
I n ggneraWOQGZOﬁzﬁ preferred to enploy the epoxyplroe5| npl nya gﬂﬁ?ﬁg’gl"g
sufficient to achi eve an epoxy to reactive am ne hydrogen

equi val ent wei ght ratio of fromabout 0.5:1.0 to about 1.5:1.0,

and, preferably, fromabout 0.8:1.0 to ‘about 1.2:1.0.

The epoxy resin and curing agent conposition can be used in any of 15 a

vari ety of applications as disclosed in, . Resi ns" at pages 370-380.
Such applications include the use of ﬂ@'@@ﬂéés. tion in | am %ati ng,

filament ) w ndi ng, pultrusion, casting, or nolding. For exanple, in
filament Wi nExample 1 t he conposition is used as a binder for the
production of fil anent-wound, gl ass-reinforced structures, e.g.

cheni cal -resi st ant Apdutihg agént was prepareditsy thalging ito & reagtoe S@partssky ve
to further illustrate the |nvent|on but shoul d not be construed to

limt the i nv\ﬁgidsl'ﬂnof H%ﬁftﬁgrﬁ “th‘{%i rf Q-dlammocyélahéiaﬁlélWDNMd

claims. Al par percenta are by wei ght unl ess

h
gt erw e | nd*%%s dv«'terig Reof ﬁexamethylenedlamme (HMDA) (thus approximately 1.4

PCT/ US95/ 09140

Exanple 1  total primary aming |W"{aﬂj%'hﬁs)w§§dp1%meﬂ’%9mcﬂgr‘ﬁPW ta- o, this
reactor 90 parts by wei ght of a m xture of 80% by wei ght

1, 2- di ami nocymixtoee awes( Sl6@Hty, addéd 10 i pywavaight off ackispbengl Eneesinni ne

(HI\/DA) (thus approximately 1.4
{commercially available as EpAlloy 8230) with mlxlng and under dry nitrogen ‘

gas.' The bisphenol F resin was added at a rat_e sufficiently slow to keep the

10 - exotherm of the reaction from raising the temperature in the reactor above

;120°C.' The mixture was then held for.one hour at 120°C. The resultihg

product had a .viscosity of about 20 cps (Thermosel at 25°C) and was stable

'aé a Iiduid at least overnight. The mixture exhibited a gel time with DER 331

of 33.7 minutes. When _32.4 parts by weight of the resulting mixture was

15  reacted with 167.6 parts by weight of the diglycidyl ether of bisphenol A

(DER 331 from Dow Chemical) and cured at 150°C, the resulting cured

product exhibited a Tg by differential scanhing calorimetry of greater than

150°C.

- Comp: rative Exampl _
20 The procedure of Example 1 was repeated, with the exception that the
mixture of 80% by weight 1,2-diaminocyclohexane (DACH), 19% by weight

- of hexamethylenediarhine (HMDA) (thus approxifnately 1.4 to_t_al primary

10



"t ot al [ e equi val ents) “and 1 % by wei ght of wate |

m xture vvﬁ gw added 10 parts by wei ght of a bisphenol M@Pﬁwl%
s(comercially available as EpAlloy 8230) with m xi ng and under dry nitrogen
gas. The bi sphenol F resin was added at a rate sufficiently slow to keep

the 10 .  exghfife %vaﬂdgfs)r %f\gtw% %ﬁ)@l’iﬁbﬁ%ﬂaﬁ -sfrﬁﬁme&&wwss%m?e

r eact or above ure was then d for one hour at

(Thormosel at T28rapmRgehsiohasane ;i WaSlufnd bR, T, Severs

overnlght The mxture exhibited a gel tine with DER 331

mi nut es.  \When cBystallization oyerRighfiat ‘gﬂ‘eﬂ"h@&@sﬂ?fttﬁnﬁy nwveightcofithe 'ﬁ“ﬁmg
reacted with 167.6 parts by weight of the diglycidyl ether of bisphenol A
(DER 331 fr omnilmturehwas rebgteshwithull 68. 2 pattssy aveight of ltbe rdiglycidyl @ther ofi
product exhibited a Tg by differential scanning calorinetry of greater than

150[err] & bisphenol KO(IDER” 381 \frorfPDOW! Chemical) and cured at TG0/ tecrhixtaref

Exanpl e 1 was repeate with the exception that the m xture of 80%

b ht 1 X 0

h)éx\gerr{e? hyl ene | am ne?%@ gﬁ?%s&@@gggl rraﬁél@w&ﬁifg@gd B‘Foldr!r"e?rt ;/q xhibited
10 VO 96/

PCT/ US95/ 09148 g5y differgntialscanning calarimetry of gregten than 1R0P°G: water was

repl aced with 99% pure _1 , 2-di am nocycl ohexane. The resulting
m xture exhibited severe : crystallization overnight. Wen 28.6
parts by weight of the resulting

Example 2
The procedure of Example 1 was repeated with the exception that the
10 diglycidyl ether of bisphenol A (DER 331 from Dow Chemical) was
substituted for the bisphenol F resin. The resulting product was a stable

liquid at least overnight.

Example 3
" A curing agent was prepared by chnrging-to a reactor 82,5 parts by
15 - weight of a mixture of 80% by weight 1,2-diaminocyclohexane (DACH),
19% By weight of nexamethylenediamine (HMDA), and 1% by weight of
‘water and 1.0 pans'by weight of toluene. To this mixture was slowly added
~17.5 parfs by wnight of the diglycidyl ether of bisphennl A (DER 331 from
Dow Chemical) with mixing and under dry nitrogen gas. The DER 331 was
20 added at a rate sufficiently slow to keep the exotherm of the reaction from

" raising the temperature in the reactor above 756°C. The mixture was then

11



m xture \Aﬁi reacted with 168.7 parts by weight of the digl yggﬁ% ther of
STV ¢ he

5 bi sp 2% DER 331 from Dow Chem cal) and.cured at 1

m xture exhibited a gel tine of 59.8 minutes. The resulting cured
product exhi bited a Tg by differential scanning calori mstry of '

greater than g ﬂ){&r{vbg?hgurs at 7| °C. {m%n Fha?s tlplen hpated t% i yC| ure

of Exanple 1 was repea e excep

m .Dow m cal

forthe b sop i ﬁtﬁ#@?ﬁ?rg’%ﬁ@e?@gwm wea&%"e\%ﬁ%d T fprobi

liquid at |east overm

sub%t i t u .
ure was

curlng agent

was prepared ﬂyertmrgaﬁgd ttg h4586ctq)dﬂse @‘fpmhssawa"vls" thewiager apd the

m xture of 80% by wei ght 1, 2-di am nocycl ohexane (DACH),

19% by

wei ght of hexprassuyé ewadimeed(tWMovenduhsﬁnﬁplIy\eilgllremaining water \aader
and 10 parts by weight of toluene. To this m xture was slowy added

17.5 pargs bYtdiﬁéﬁH“ TRE reS\itidg @'rd&m@bﬁa@a Wco%&yfafsaﬂwads B

'?hé?tﬁoéélom

Dow Chem cal) with m xing and under dry nitrogen gas. The DER 331 was

added at 2 248 ES whisehinitel 8ol ok Siuh BE XSG B2 it seawamafrom

rai sing the tenpera
WD 96/ 04328

ure 1n

mx ure was t he

PCT/ US95/ 091 4fnixture of 22 parts af the proguct pgr bundredsparts of DER 331 wag.cureden

heated to 11 5[err] C and water distilled fromthe

m xture and was

col | ected. That 1&QPC fonrld minutes, the resultmg cured product exhibited a Tg by

differential scanning calorimetry of greater than 155°C. When a mixture of

10 20 parts of the product per hundred parts of DER 331 was cured at 150°C

for 15 minutes, the resulting cured product exhibited a Tg by differential

scanning calorimetry of greatei' than 150°C. -

Example 4

A curing agent was prepared by charging to a reactor 80 parts by

15 weight of a mixture of 80% by weight 1,2-diaminocyclohexane (DACH),

19% by weight of h'examethylenediahine (HMDA), and 1% by weight of

. water and 8 parts by weight of heptane. To this mixture was slowly added

20 parts by weight of the diglycidyl ether Qf bisphenol A

(DER 331 from

_Dow Chemical) with mixing and under dry nitrogen gas. The DER 331 was

20 - added at a rate _suff_icienﬂy slow to keep the exotherm of the reaction from

raising the temperafure in the reactor above 75°C. The mi

xture was then

held for two hours at 756°C. The mixture was then heated to 105°C and

. water distilled from the mixture was collected. The pressure was lowered

12

q



“then i ncreased to 145[err]C to drive off substanti al | y all and

t he sture was | owered to renove substantially g«ﬁﬁ%ﬁo

‘wat er and 5 tol uene. The resulting product had a viscosity of about
56.5 cps (Thernosel at 25[err]C) and exhibited a gel tinme with DER

331 of "52.6 whNgm ve\@'l‘.ﬂi%tﬁntlally all remdiﬁﬁhbevﬁte?%naaﬁ Staple. t ThePreiiiting Per

hundred parts of DER 331 was cur at 150[err]C for 15 m nut es t he

cai ori Q?ri”ﬁggﬁét??*é% ﬁﬁs@é"zﬁﬁ%’béﬂzﬂhermﬁ bfi355¢) o,
of the product er hundr e R 331 was cured at 1 50[err]C

for 15 minut &9 lt‘i'l'@er‘é’ 8?%?%6!"2&5?5 Qutes. exhi bited a Tg by differenti al
scanning calorinmetry of greater than 1 50[err]C. Exanpl e 4

A curing agent was prepared by charging to a react or 80 parts by 15

wei ght of a mxture of 80% by weight 1, 2-di am nocycl ohexane (DACH),

19% by wei ghtExaimplex@ et hyl enedi am ne (HI\/DA) and 1 % by wei ght of
water and 8 parts by weight of heptane. To this mxture was sl oWy added

20 partg by wei ghtoRé Humired gia\‘fé g Iw Wirofcﬁ'netﬂﬁﬂiéﬁ\ﬂ'etﬁe( DE'BI rfdlql“

Dow Chem cal) with m xing and undef dry nitrogen gas. The DER 3

ai'sing the (PRbEAL ST PIWECREmICHY Sk, pufor Y 10 pols B ;&E@@‘tw&? I Liﬂ"

hel d for two hours at_75[err] C.. The m xture was then heat ed 105[ err
and wBbure7is80% by weight 1 -diamingeyclahexans § Bb 15{% wvsslani

was | owered
96/ 04328 of hexamethylenediamine: (HMDA), and 1% by welglﬁ’beLmsél()Ql'ﬂbe

resulting cured product exhibited a Tg by differential scanning calorimetry of

10 67.99°C.

Example 6 |
One hundred parts by weight of the diglycidyl ether of bisphenol A
{DER 331 from Dow Chgmical) was cured with 13 parts by weight of a
mixture of 80% by weight 1,2-diaminocyciohexane (DACH), 19% by weight
15 of hexamethylenediamine (HMDA). and 1% by weight of water. The
resulting cured prodﬁét-bxhibited a Tg by differeritial scanning calorimetry of

108.96°C.

Example 7
One hundred parts by weight of the diglycidyl ether of bisphenol A
20 (DER 331 from Dow Chemical) was cured with 15 parts by weight of a

mixture of 80% by weight 1,2—diami_nocyclohexane {DACH), 19% by weight'

13



to renov tially all remaining water and heptane. leS%Mi g
pr oduct ﬁ‘XéL&gﬁéﬂ%‘gcosMy of about 71 cps (Thernosel at 25[elr}r anc}w

exhi bi ted ~a gel tinme with DER 331 of 48 m nutes. Example = -

5 5 One hundred parts by weight of the diglycidyl ether of

bi sphenol A of hexamefiylerediahiAg CTHHR19%VB Weigtt of tWaldt. PaTHe by
wei ght of a m Xt ure of 80% by wel ght 1 , 2- d| am nocycl ohexane

(DACH), 19% ?é?ﬁﬁqﬂghred product %&h{ﬁ%ﬁ@ Q“@ﬁ fer éi%céﬁ“ﬁﬁ daﬁﬂ\f%fv/ 2

wei ght of wa resultirng cr ct ex

differenti al %%a%qg&? calorinetry of 10 67.99[err]C. Exarrpl e
6 1 undred parts by weight of the diglycidyl ether of

bi sphenol A (DER 331 from Dow Chemical) was cured with 13 parts by
wei ght of a m xture of 80% by wei ght 1 , 2-di am nocycl ohexane
(DACH), 19% by weight 15 of hexanet hyl enedi am ne (HVDA), and 1% by

wei ght of watExample® resul ting cured product exhibited a Tg by

di fferent i al scanning calorinmetry of 108.96[err] C

- Exanpl One h%dgh3 PEH%QS@@V??H of IQMe %l%!dy‘l’feth&eofi bispHendy |A

et her o?’; blspHenoI Chem cal) was cured with 15

L 5 e g Sl s W o by e of

13 mixture of 80% by weight 1,2-diaminocyclohexane (DACH),_ 19% by weight
of hexamethylenediamine (HMDA), and. 1% by weight of water. The ‘
resulting cured product exhibited a Tg by differential scanning calorimetry of

10 156.48°C. The gel time of a 200 gram mass of ;che'_curable composition

was 37.8 minutes.

Example 9
| One hundred parts by weight of the diglycidyl ether of bisphenol A
(DER 331 from Dow Chemical) was cured with 18 parts by weight of a
15 mixture of 80% by weight 1,2-diaminocycloh'exang-(DACH), 19% by weight
of hexamethylenediamine (HMDA), and 1% by weight of water. The
resulting cured product exhibited a Tg by differential scanning calorir__netry of

162.77°C.

Example 10
20 . One hundred parts by weigﬁt of the diglycidyl ether of bisphenol A

(DER 331.from Dow Chemical) was cured with 20 parts by weight of a

14



WD 96/ 043 9140
of hexamﬁﬁ{ﬁ‘@ﬁ% amne (HVDA), and 1 % by wei ght of water. %%%8
.resulting cured product exhibited a Tg by dlfferentlal scanning cal orinetry
of 139.01ferr] C. Exampl e 8 One hundred
parts by wei gmxtaie bh80% sﬁﬁ iaht 1eziaﬁ‘ém%cgb|%%§&% (ES\ACH), 19% Wﬁﬁe@%

from Dow Chem cal) was cur arts by weil gh

L e e 8 W .

resul ting cured product exh| bi ted by differential scanning calorinetry
of 10 GfeﬁBF'@Br?'-Ee d-praduel ex hlhlsefgﬁ f& bwlfgﬁr&m'nla%rsanwns ﬁe%smam@
conpositi on was 37.8 m nutes. Exanpl e 9 One

hundred parts137.2&1@ht of the diglycidyl ether of bisphenol A ( DER
331 from Dow Chem cal) was cured with 18 parts by weight of a 15

m xture of 80% by .wei ght 1 ,2-di am nocycl ohexane (DACH), 19% by wei ght

of hexanet hyl enedi am ne (HVDA), and 1 % by wei ght of water. The

resul ting cured product exhibited a Tg by differential ‘'scanning calorinetry
of 152. 77[err] C. Example 10 20 One hundred
parts by weight of the diglycidyl ether of bisphenol A

15



(15)ER 331 Chemi cal ) was CuTFd—vw—t-hﬁfr—pal%s——by wei gﬁtmg;,s@guo
WO

PCT/ US95/ 09140 m xt ure of SO%I!ulmmEHleMHU am nocycl ohexane
(DACH), 19% by wei ght of hexanekhy wallisne«( HVDA) , and 1 % by
wei ght of vﬂm“- @I‘@LMMFDqgulti ng cured product exhibited a Tg by
differentidl scanning cal orirnetry of 137.72[err] C

1. A method of curing an epqu_resin comprising mixing an epoxy resin with
a curing agent selected from the group consisting of (i) a mixture consisting
essentially of 1,2-diaminocjcl§hexane_fa;nd an aliphatic polyamine and (ii} the
reaction product of reacta.nts cpnsistiné essentially of an amine component.
consisting eésentially of 1,2fdia'm:inocYcléhexane and an éliphatic polyamine and
an epoxide component having an epoxy fﬁhctionality greater than one, provided
that the ratio of prin’iary aminé équivaleﬁf# pf said amine component to the total

eboxide equivalents of said epoxide compé:nent are greater than one, wherein the '

aliphatic polyamine contains at least two unhinde(ed primar_y amine groups.

2. A method of claim 1 wherein thé }nolar ratio of 1,2-diaminocyclohexane

to aliphatic polyamfne is fron‘g':about 1:1 to about 16:1.

3. A method of cléim 1 v_vh_eféin -t_he molar ratio of 1,2-diaminocyclohexane

to aliphatic polyamine is from about 2.5:1 to about 6:1.

4, A method of claim 1 \)vherein the molar ratio of 1,2-diaminocyclohexane

to aliphatic polyamine is from about 3:1 to about 5:1.

-

5. A method of claim 1 wherein said aliphatic polyamine is a member selected

from the group consisting of lower alkylene diamines having from 2 to 8 carbon

atoms.

16



PCT/ usg\é\%g%&’gﬁg%g VHAT 1S cu”“ﬂﬂ mmnﬁu "ILI IH!!JthA met hod SICCUVYIRG 4An

_epoxy resin conprising mXxing ah a curing agent
sel ected fromthe group consi'sting of (i)-a mxture consisting

essential | g, of é(}hﬁﬂ‘é\‘oélﬁﬁh o W8P EaidalipHatiNBo nﬂﬁﬂé"ﬁe&ﬁm’ﬁ‘tﬂyf#g@

t he reaction pro uct of reactants consisting essentially of an a
conmponent sisting essentially of 1 ,2-diam nocycl ohexane and an
~aliphatic Sb?'ﬁ%‘ne and ~ an epoxide corrponent havi ng an epoxy
functionality greater than one, provided that the ratio of primary am ne -
equi val ents of said am ne conponent to the total epoxi de equival ents of
sai d epoxi de conponent are greater than one, wherein the al i phatic

pol yam ne dont aifnsnethadeaf claino 1uwhereioreaid muring agent iscagnbdpes consisting
A nmethod of claim1 wherein the nolar ratio of 1 ,2-di am nocycl ohexane

to aliphat ieesmﬁall?rﬂfrm,z-diaﬁ'limwbhﬁxaﬁ'ehﬁd)amhnphatiﬁpdlyamine i a molarmatieod
of claim1l wherein the nolar ratio of 1 ,2-diam nocycl ohexane to

al i phatic pgly2misfinotytloRBXkanetd afiphatic polyaRie of frbm about 3:1 to about 5:1.

8. A method of claim 1 wherein said curing agent is the reaction product of
reactants consisting essentially of an amine component consisting essentially of
1,2-diaminocyclohexane and an aliphatic polyamine and an epoxide component

having an epoxy functionality greater than one.

9. A method of claim 8 wherein said epoxide component consists of a
diglycidyl ether of an aromatic diol having an average degree of oligomerization

of less than about 1.5.

10. A method of claim 8 wherein the ratio of molar equivalents of primary
amine groups of said amine component to. molar equivalents of epoxide groups

is frorm about 1.5:1 to 50:1.
1t. A method of claim 8 wherein the ratio of molar equivalents bf primary

amine groups of said amine component to molar equivalents of epoxide groups

is from about 3:1 to about 20:1.

17



4. A method of claim1 wherej C ratjo of 1, 2- di gpi exane
to ali phéypé"’mam ne is frojiﬂﬂ'@ﬂ"jmmmnmput 5:1. wg%%@‘?r@t hod
of claim1l wherein said aliph cPOL Y cpn N a menber sel ected from
t he group consisting of |ower alkylene diam nes having from2 to 8 carbon

at ons. im 8§ i io oflfhol féritd Cprim
ACT Uses/ 03220 A method gf claim 8 whergin the ratie of folar elfivd ohat o mary

et o1 SaPEIRG ErApe o te: i ERrRBpent fe rdoter stuRRIdI Y eig toups
f

, 2-di am nocycl ohexane and an aliphatic polyamne in a nolar ratio o]

1, 2- di ani niscfrempbeut 8:1 o Bbwtak9:d. pol yami ne of from about 3:1 to about
5:1. 8. A nethod of claim1 wherein said curing agent is the reaction
product of reactants consisting essentially of an ami ne conponent

consi sting essentially of 1, 2- di am nocycl ohexane and an aliphatic

pol yani ne 33d ap fethdd!6f ERIFASB WHerein saith alithatic pulpamirieiscd irontbertselaptedt er
t han one. 9. A nmet hod of clai'm 8 wherein sald epoxi de conponent

e o PO b e R Byt b s 217 e

degree of ron n.about

atoms.

14. A method of claim 8 threin the molar ratio of 1;2-diaminocyclohexane ‘

to aliphatic polyamine is from about 1:1:to about 16:1.

15. A method of claim 8 wherein the molar ratio of 1,2-diaminocyclohexane

to aliphatic polyamine is frorh-ébout 2.5:1 to about 6:1. -

16. A method of claim 8 wherein the molar ratio of 1,2-diaminocyclohexane

to aliphatic polyamine is from about 3:1 to about 5:1.

17. An epoxy cdring' ag'e.m': comprising the react’ibn product of reactants
consisting essentially of:

an amine component iﬁonsisting essenfially of 1 ,2?diaminocyclohexane and
an aliphatic polyamine whéreih the'alﬁphatic polyamine contains at least two |
-unhindered primary émine groups, and

an epoxide component having an epoxy functionality greater than one,

“provided that the ratio of primary amine equivalents of said amine component to

18



#10. A method of claim8 wher ej | ar equi val i mary
ani ne gr oM, ¢ am ne co "mnﬁll nIIHﬂlH I@gw val ent s o?efggggfoag‘{ogroups
1S fromabout 1.5:1t X. A nethed of claim8 wherein the
“ratio of molar equi vaI ents of pri rrary am ne groups of said am ne

gggﬁg’”ggt 1t thEYo B e%%%d’é‘h&ﬂmléﬁtsed?%i@%p%&f&épéompdn%n} 8 B ater tﬁ'aﬁ drfs.

96/ 04328 PCT/ US95/ 09140 12. A met hod
of claim8 wherein the ratlo of ol ar equi val ents of primary am ne groups
of said am ne conponent to nolar equival ents of epoxide groups is from
about 6:1 to about 15:1. 13. A nethod of claim8 wherein said aliphatic
polyamine is a nmenber selected fromthe group consisting of |ower alkylene
di am nes havifg fAocurable compodition cdrapeising ah4epoxyrgesiodand &|cuirings agent
wherein the nolar ratio of 1 ,2-diam nocycl ohexane to aliphatic polyam ne

is from abOUéeléctédtffbrﬂttﬁHtgréép tonsistihg of\iN"BirAiikduld c6hsistihg e¥sentially o ,2-
nolar ratio of 1 ,2-diam nocycl ohexane
dxamlnocyclohexane and an allphatlc polyamine and {ii) the reaction product of
reactants consisiing essentially of an amine component consisting essentially of .
1,2-diaminocyclohexane and an aliphatic polyamine and an epoxide component
having an epoxy functionality greater than one, provided that the ratio of primary

amine equivalehté of said amine component to the total epoxide equivalents of

said epoxide component are greater than one.

19. A composition of claim 18 wherein the ratio of epoxide equivalents of said
epoxy resin to reactive amine hydrogen equivalents of said curing agent is from

about 0.5:1.0 to about 1.5:1 .0.

20. A composition of claim 18 wherein the ratio of epoxide equivalents of said
epoxy resin to reactive amine hydrogen equivalents of said curing agent is from

about 0.8:_1 0 to abouf 1.2:1.0.

19



to

~ Yof

pol

aljphatic polyamne is fromabout 2.5:1 to about 6: 1. fanA net hod
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o) M&ﬁﬁé QfpBiafion Number:  ACT/US9S/09140 | (81) ted States: JP,{SG) European patent (AT, BE, CH, DE,
[/ US95/ 09140 t he tot epoxi de gqui vk BS,FROIB, SBIH, ITEJXMANLCBIISBNent
b (23)rTeternstional Filing Datee July 1985 (280299 yr abl e conposition conprising an
DXy resin and a curing agent S eWromthe group consisting of
(36) Porkty Bhe®: CONsi sting essentially Off 1, 2-wih incerdbliontliséafi ypdrohexane and an
pha’i)omquOyam ng\ﬁ/mﬂkt(%-t()u.nslm rei?) on product of react ants
hsi st'ing essentially of an am ne rrronent consisting essentially of
qu%‘ﬂ w@fﬁ s?'duﬂh fﬁ pol yam ne and an epoxi de corrpone][\t
Pike, i N 04k an one, trt rati o of
am ne equi val en%dsé' of sala1f dm ne conpa%b\qﬁoﬁg JEI epoxi de

7 Q?AH Shailesh; 1704 Georges Road, Dresher, PA
‘ @d?%m MOON, Robert, M.; 44 Babylon Road, Maple

Glen, PA 19002 (US).

(74) Agent: WOOD, John, Daniel; Henkel Corporation, Suite 150,
140 Germantown Pike, Plymouth Meeting, PA 19462 (US).
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(54) Title: CURING AGENTS FOR EPOXY RESINS /
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Ameﬂxodofwmgmepoxymmcmpmmgmkhgmepoxymmwxﬂncmgagem$mwxded The cusing agent is selected
from the group consisting of (i) a mixture consisting essentially of 1,2-diaminocyclohexane and an aliphatic polyamine (preferably at a
molar ratio of 1,2-diaminocyclohexane to aliphatic polyamine of from about 1:1 to about 16:1, preferably about 2.5:1 to about 6:1 and
more preferably about 3:1 to about 5:1) and (ii) the reaction product of reactants consisting essentially of an amine component consisting

essentially of 1,2-diaminocyclohexane and an -aliphatic polyamine and an epoxide component. The epoxide component has an epoxy

functionality greater than one and is preferably a diglycidyl ether of an aromatic diol having an average degree of oligomerization of less
than about 3.5, preferably less than about 1.5, and preferably derived from an alkyl bis-phenol, ¢.g. bisphenol A. The ratio of primary
amine equivalents of said amine component to the total epoxide equivalents of said epoxide component is greater than one, i.e. the molar
equivalents of primary amine groups of said amine component are in excess of the molar equivalents of epoxide groups, e.g. a ratio of
from about 1.5:1 to 50:1, preferably from about 3:1 to about 20:1, more preferably from about 6:1 to about 15:1.
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claim 18 wherein the ratio of epoxide equival ents of said

19.

A conposi tion of
epoxy resin

to reactive am ne hydrogen equival ents of said curing agent is from
about 0.5:1.0 to about 1.5:1.0.

the ratio of epoxide equivalents of said
hydr ogen equi val ents of said curi

about 1.2:1.0.

-20. A conposition of claim 18 wherein
epoxy resin to reactive am ne
ng agent is from

.about 0.8:1.0 to
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