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resin or solid resin. The comercially inportant solid epoxy resins have an

IECHNICAL FIELD

The present invention relates to polyamine hardeners for curing epoxy based

coating compositions.

BACKGROUND OF THE INVENTION

Coatings based on a combination of epoxy resins and amine hardéners which
react to form a crosslinked film have enjoyed widespread use for decades. Because of
the combination of properties achievable, they have developed strong harket positions
in those applications where a high degree of resistance to water, chemical reagents, or
corrosive environments is required.

A good introduction to the general chemistry of epbxy resins is available in
H. Lee and K. Neville, Handbook of Epoxy Resins (1967 McGraw-Hill Inc.).
Commercially available epoxy resins useful in coatings are frequently referred to as
either liquid resin or solid resin. The commercially important solid epoxy resins have an
epoxy equivalent weight (EEW) greater than about 450. Although much higher EEW
epoxy resins are available, the resins employed in amine cured coatings generally have
an equivalent weight less than about 1000. At higher equivalent weights the resulting
crosslink density is too low to give the desired properties. The commercially important
liquid epoxy resitis have an EEW of less than about 250, and more frequently less than
about 200. Thougﬁ much slower to dry th_an solid epoxies, they resuit in films with very
high crosslink densities, and find ufiﬁty where very chemically resistant coatings are

required. Of course, they also require less solvent for application in traditional solvent




epoxy equival ent wei ght (EEW greater than about 450. Al though much hi gher
EEW. epQxy resins are available, the resins enployed in am ne cured
coat'ings general ly have an equivalent weight |ess than about 1000. At

hi gher equival ent weights the resulting crosslink density i:s too lowto
give the desired properties. The commergsally inportant |iquid epoxy
resins have an EEWof -1 ess than about 250, and nore frequently |ess than
about 200. Though much slower to dry than solid epoxies, they result in
filme with very high crosslink densities, and find utility where very
chemi cal bgme éyrimsdationsc Jaerenigsisar eclaseqgiepoxy resdhs soruetiaes tdieryeditosas require
| ess solvent for application in traditional solvent
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res

t he healt ssoclated wth chemni cal  exposure have resulted in an
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Terta r?)atenlalcsuppliers to develop products that have lower volatile organic content (VOC).
One purpose of the solvents in coatings is to allow the normally viscous materials which
comprise the coating formulation to be applied in a manner that results in a continuous
thin film that will harden or cure with the required appearance and physical properties.
As higher solids formulations containing less solvent have been developed, there has
been a tendency to adopt lower viscosity epoxy resins (i.e. liquid epoxy resins) and
lower viscosity curing agents, both of which are usually of a lower molecular weight than
their predecessors. As one consequence, thgre is a general tendency of high and 100%
solids epoxy formulations to dry or become tack free at a much slower rate than low -
solids epoxy coatings, since many more chemical reactions must take place before the
binder reaches the viscosity necessary to feel tack free.

Because the resin components are of much lower molecular weight and there is
less solvent present in high solids and 100% sdids coatings, it is clear that the
concentration of reactive groups in the composition is much higher than it would be in a
low solids coaﬁng. The_ rate df reaction of the components will be governed by a rate
law, which in the case of an epoxy/amine system, includes the concentration of both of
the reactive groups. Thus as the concentrations increase, the rate of reaction increases.
Since the reactions increase molecular weight, the viscosity also increases. The net

result is that the pot life, in other words the time during which the coating composition is



conprise the coating fornulation to be applied in a manner that results in
a dgntiquous thin filmthat will harden or cure with the required
appedr ance and physical properties. As higher solids formulations
containing | ess solvent have been devel oped, there has been a tendency to
adopt | ower viscosity epoxy resins (i.e3-liquid epoxy resins) and | ower
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nol ecul ar weight, the viscosity also increases. The net result is that the
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"3 possible to reach the point where the amine vapors arising from the coating create a

hazard for workers and other people exposed during the application process.

One way to increase the solids level while maintaining acceptable viscosity of an

amine cured epoxy formulation is to include a non-reactive plasticizer of low volatility,

such as benzyl alcohol, an alkyl phenol, or a phthalate ester, in the formulation.

However, these species can have a negative effect on some final performance -

properties of the coaﬁng, such as water resistance, glass transition temperature, and

hardness. Also, because they can leach out of the fiim, especially when the film is

immersed in water or an organic solvent, they are sometimes unsuitable for many

applications, such as coatings that come in contact with food, potable water, or

pharmaceuticals. '

Another way 10 increase the solids level while maintaining acceptable viscosity of

an amine cured epoxy formulation is to include an epoxy diluent such as cresyl glycidyt

ether or butyl glycidyl ether or the like. This approach also has drawbacks. Dry times

are extended and, because the monoglycidyl ethérs are chain terminators, mechanical

and chemical resistance properties of the cured network are generally reduced. There

are also concern; gbout the toxicity of these materials, and many of them have high

levels of bound chloride that make them unsuitable for some purposes.

JP 61143421 discloses the combination of compounds of the following Formulas

| and 1| along with some conventional curing agents and epoxy resins as well as a BF,-



of | ow’enough viscosity to be applied to the substrate, is nuch shorter for
hidp sol.i;ds coatings than for |ow solids coatings of the sane type.

Am nés used as curing agents for epoxy resins tend to be corrosive and
irritating toward the eyes, skin, and respiratory tract. Normally this
does not create a major problemfor theg-.applicator as |ong as precautions
are taken to avoid contact with the curing agent. However, both viscosity
and vapor pressure are dependent on nolecular weight and in the attenpt to
reduce the viscosity of an epoxy/am ne coating binder it i.s possible to
reach t hemipgicomplfie inaidarzeie anunea seostaraton forisedsithe resimematibaior agmpesite e a
hazard for workers and ot her peopl e exposed during the application process.
One way M8tefialsi ease the solids |evel while nmintaining acceptable viscosity
of an am ne cured epoxy formulation is to include a non-reactive

pl asticizer of low volatility, such as benzyl alcohol, an al kyl phenol, or
a phthalate ester, in the forrmy atiRyn. However, these species can have a
negative effect on some final lperfdymance pPRwsperties of the coating, such
as water resistance, glass 10X t enper at @ and hardness. Al so,
because they can | each out 8f thi film espeB¥al Iy when the filmis

I mrersed in water or an organi c Xolvent, they are sonetines unsuitable for
many applications, such as coatings that cone in contact with food,

pot abl e water, or pharmaceuti cals. Anotgger way to increase the
solids level while maintaining acceptable viscosity of an am ne cured
epoxy fornulation is to include an epoxy diluent such as cresyl glycidyl
ether or butyl glycidyl ether or the li-ke. This approach al so has

dr awbac keherBrX/istannaxygen atom, sulfur atom, or an =N-R; group; R,, Ry, R;, R,, R; and R,,

which may be the same or different, are hydrogen atoms, C, to C,, saturated or
unsaturated aliphatic groups, alicyclic groups, aromatic groups, or heterocyclic groups,
or R,, R,, R,, R,, Rs, and R; are heterocyclic residues t_ogether with nitrogen atoms
bonding with them. Among the extensive laundry list of compounds as corresponding to
Formula | are ammonia, methylamine, propylamine, aniline, N-aminopropyimorpholine,
and many others whose structures do pot correspoﬁd to Formula .

JP 61143420-A and JP 61143419-A (abstracts) appear to be closely related to
JP61143421.

JP 63215716 A2 (abstract) discloses a combination of epoxy resins,
muitifunctional (rheth)acrylates, and an amine corresponding to X,(CH,).X, where
X,=NH,, 4-piperidinyi; X,=NH,, C, ; monoalkylamino, 4-piperidinyl, morpholino, and
n=3-9. Molded products with improved impact resistance are allegedly obtained.

Kroupa, J. et al, Chem. Prum. (1976), 26(9), 477-&(5, discloses that the hardening
time, conversion‘;into gel, and apparent activation energy of an epoxy resin during
crosslinking with H,N(CH,).NRR' strongly depends on'size_':_'and mobility of R and R'.
Shown are compounds in which R=H, R'=Ph; R=H, H'=is§-:_Pr; R=H, R'=iso-Bu; R=H,
R'=PhCH,; R=H, R'=2-methyibenzyl; R=H, Fl'=3-aminopr6p‘yl; R=R'=Me; R=R'=Et; and
R=R'=Bu.



are extended and, because the nonoglycidyl ethers are chain term nators,
mec¢hani cal and chemical resistance properties of the cured network are
genefally reduced. There are also concerns about the toxicity of these
materials, and nmany of them have high |I|evels of bound chloride that nake
then1unsuitab|e for sone purposes. JP 61143421 di scl oses the

conbi nati on of .conpounds of the foll owidg-Fornmulas | and 11 along with
some conventional curing agents and epoxy resins as well as a BF3-

-4 - am ne conpl ex, imdazole, or urea accel erator, for use as the resin
matri x for co osite materials: [err] [err] I

where X i s anJBX4PgER6QQ dinslosas apgxy sasing cused with ﬁNP'R[Ué? 9] argmdgzolﬂ[ err],

i 11 or enferigtie d BEERIZD sk A s Plepblshediaine derbabue B8 NEHIREL thr ot oo
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het er ocy fhibi&2418 Shd NEN-etAL NEprophhdbisthine W ntk&dEnd cured.
C. W. Jennings, J. Adhes. (1972), 4(1), 25-38 discloses bisphenol A diglycidy!
ether, diethylaminopropylamine, an aromatic amines miiture, a polyamide curing agent,
a nylon epoxy, polysiloxane and a silicone adhesive we‘i'e tested on aluminum and

stainless steel joints.

ARY O \"i
The present invention provides an amine hardener composition for curing epoxy
resin coating compositions comprising (A) 5 to 75 wt% of a diamine which possesses a
vapor pressure less than about 133 Pascals (<~1 torr) at 20°C, contains both a primary

amine and a tertiary amine and corresponds to either of the following structures:

Rl\ : CH\Z
N—(CHp)n—NH, X N—(CHpp—NH,

/ !

Ry H,

where R, and R, are independent_ly' C, to G, alkyt; X is f¢fH_2-CH2-, -CH,-CH,-CH,-, or
-CH,-O-CH,-; and n is 2-6, (B) 5 to 95 wt% of an epoxy curmg agent whicﬁ isa
polyamide, an amidoamine, a Mannich base or a .Cycloaliit_ihatic amine; and (C) frém Oto
50 wt% of other active hydrogen containing di- or polyarﬁines. For the purposes of this
speciﬁcation anc; thg appended claims, the vapor pressure for a compound is that value

calculated using the extended Antoine equation.



bonding with them Anong the extensive laundry list of conpounds as
correspqQiding to Fornula | are anmoni a, nethyl am ne, propylanmine, aniline,
N- anf nopr opyl nor phol i ne, and many ot hers whose structures do not
correspond to Formula 1. ' JP 61143420- A and JP 61143419-A
(abstracts) appear to be closely related to JP61143421. JP
63215716 A2 (abstract) discloses a conbtf@ation of epoxy resins,

mul tifunctional (meth)acrylates, and an am ne corresponding to
Xerr](CHerr])[err] X err] where Xerr]=NHerr], 4-piperi-dinyl;

X[err]=NH err err noal kyl am no, 4-piperidiny|l, norpholing, and
AT v ded]ﬁnq(ﬁ&ﬂa%bq%ﬁntiq%wwtwmgﬁgr@rfsséwéeprgfeéa%!vneg&j| y
obt ai ned. . Kroupa, J. et al, Chem, Prum (1976), 26(9), 477-80,
di scl oseSoldmcurable RPN EomRgsiton fampRging Ineariie et nge P?maﬁ&ﬂz%w el
activati Ak of an epoxy resin during crosslinking with

H err] N( %ﬁ["elf rﬁrsﬁferr] NRR strongly depends on size and nobility of R and

R Siso B Roy i RPOR el Sy hventio 14 slbeitarbaigiiihn direl o
oo b0 G Sl i hardener composiion S an P M ¢ of an
i m dazol e The amine hardener compositions, or curing agents, for epoxy resins can be

used without the need to include external plasticizers or epoxy diluents in the formulation

and will give an improved balance of cure speed and pot life when used in ﬁigh solids

and 100% solids coatings without significantly increasing the concentration of corrosive

amine vapors in the workplace relative to conventional curing agents in widespread use.

T D DI U THE INVENTI
Component A of the amine hardener composition which is presentat 5 to 75
wt%, preferably 25 to 70 wt%, is a diamine which possesses a vapor pressure less than
about 133 Pa at 20°C, preferably <100 Pa; and most préferably <50 Pa, contains both a

primary and tertiary amine and corresponds to either of the structures:

Ry, /~CH,
/N —(CHy)n—NH; X /N"'T(CHz)n"Nﬂz
Ry H2

where R, and R, are independently C, to C, .alkyl, preferably C, to C,, Xis CH,-CH,,
CH,-CH,-CH,, or CH,-O-CH,, and n is 2-8, preferably 2-3. Specific examples of suitable
diamines include N,N-dibutylethylenediamine, 3-dibutylam'_inopropylamine, 1-(2-amino-
ethyl)pyrrolidine, 1-(3-aminopropyl)pyrrolidine, 1-(3-aminépropyl)piperidiné, N-amino-
ethylmorpholine, and N-aminopropylmorpholine. The préferred amine is N-aminopropyl- .-

morpholine.



derivative (I, R=C8-20 alkyl; n(4) and a propyl enedi ami ne derivative

RR’L\'I(CI—|[,érr])[err] NH err] (Il, R=R =Cl1-4 alkyl, Ph). Specifically, Epikote
828 fesin, 1-(2-am noethyl)-2-pentadecyl-2- imdazole and
N. N-di et hyl -1, 3- pr opanedi am ne were m xed and cur ed. C W

Jenni ngs, J. Adhes. (1972), 4(1), 25-387di scloses bisphenol A diglycidyl
et her, diethyl am nopropyl am ne, an aromatic am nes m xture, a pol yam de
curing agent, a nylon epoxy, polysiloxane and a silicone adhesive were
tested on alum numand stainless steel joints. -

SUMVARY OF THEompomemt Big used at 5 to 95 withy preégrablyRiclet 0w %prand eedPdesd ani ne
har dener conposition for, curing epoxy resin coating conpositions

conpr i si $RPXY Aring agentyvRighis 5 polyamides anamidramingsd Manpich Qi’_sevﬁ'b%r pressure
e R oA A Sk ARG, ™
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which is a polyam an am doam n nni c ase or a cycloaliphatic

am ne; g The pf)l?@ﬁﬂ&sté?e typfaly Halb b9 icBRderfild & SolMRAIBNEPolgaRIngl Ni ng di - or

pol yam nes. For the purposes of this” specification and the appended

cl ai ms, édpRcialipalpolelinsenecarhing sacngsraiemvlénbﬁiamm, tricthylénetetramine,
tetraethylenepentamine, or pentaethylenehexamine with a dimerized fatty acid, and the
amidoamines are made by condensing the same polyethylene amines with a fatty acid.
Sometimes mixtures of dimer acids and fatty acids are employed. The polyamides and
amidoamines are sometimes further modified, such as for example by adduction with
epoxy resin or a glycidyl ether or some other epoxide containing species.

The Mannich bases are condensates of phenol qf an alkyl phenol, formaldehyde,
-and a di- or polyamine, such as the above polyethylene amines.

The cycloaliphatic curing agents are a class of cu'ri;ng agents based on diamines
and polyamines containing cycloaliphatic rings. Examples include meta-xylylene
diamine, the various isomers of diaminocyclohexane, isophorone diamine, 3,3'-dimethyl-
4,4‘-diamfnodicyclohexyl methane, 4,4‘-diaminodicy¢loh_e;<yl methane, 2,4'-diamino-
dicyclohexyl methane, and the mixture of methylene bndged poly(cyclohexylaromatic)-

amines (MBPCAA) described in US 5,280,091. These ¢ jloaliphatic amines may ailso

be modified in a number of ways, including adduction with:-epoxy resin or a glycidy! ether
or some other epoxide containing species, or by preparh;i__':g;a Mannich base. The
cycloaliphatic curing agents may also include plasticize and accelerators for the amine

epoxy reaction.

Component C is optionally present in the amine "—;f_r"'jdener composition at 0 to 50

wi%, preferably 5 to 20 wt%, and includes diamines andgiiélyamines containing three or

more active hydrogens. Examples include polyethylene émines (ethylenediamine,




cal cul ated using the extended Antoine equati on. _

-6 :} . Anot her embodi nent of the invention is a 90-100@6solld§,
prefe?ably 100% solids, curable epoxy conposition conprising the am ne

har dener conposition and an epoxy resin. Still another embodi nment
of the invention is a substrate coated with a cured epoxy conposition
conprising the am ne hardener conpositiof-and an epoxy resin. The
am ne hardener conpositions, or curing agents, for epoxy resins can be

used without the need to include external plasticizers or epoxy diluents in

176 wheriotygeui@hertmfneto B eiine A feiber — °
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har dener conposition whi'ch is present at to pre y 25 to 70
W% is defametiaminet)8Si5-1tNA-S66haéxahaBRMING, SEmdtpl-t $SsentdidiandiRgut 133 Pa

at 20[err]C, preferably <100 Pa, and nost preferably <50 Pa, contains both
a bis-(3-aminopropyl)amine, N,N"-bis-(3-aminopropyl)-1,2-ethanediamine, N-(3-amino-
propyl)-1,2-ethanediamine, 1,2-diaminocyclohexane, 1,3—diaminocyclohexane, '
1.4-dfaminocyclohexane, aminoethylpiperazine, and thé poly(alkylene oxide) diamines
and triamines (such as for example Jeffamine D-230, Jeffamine D-400, Jeffamine D-
2000, Jeffamine D-4000, Jeffamine T-403, Jeffamine EDR-148, Jeffamine EDR-1 92,
Jeffamine C-346, Jeffamine ED-600, Jeffamine ED-900, and Jeffamine ED-2001).
Preferred are the poly(alkylene oxide) diamines and tria_imines, most preferably
Jeffamine D230.

Hardener compositions according to this invention are useful in applications
requiring a relatively thin film of cured epoxy resin, such as coatings, adhesives, and civil
engineering applications such as floor coatings. The lat_ter are usually amine and epoxy
formulations that are frequently filled _with sand, stone, éilica, and the like. '

Thus the invention also provides coatings (25 to.5000 microns) of cured epoxy
compositions comprising the amine hardener and an epoxy resin on substrates such as
wood, metal, concrete, plastic and glass.

The hardener compositions can be combined wiih epoxy resin at a level of 0.5 to
1.5 of the "normal"” use level, ahd preferably from 0.85 to 1.15 of the normal use level.
For any component, the "normal” use level is usually the amount required to achieve a
stoichiometric balance of epoxy groups and amine_ hydr;géns in the formulation. It can

be calculated in parts per hundred resin (phr) using the -;foll'owing equation:

100 « AHEW
EEW



primary and tertiary am ne and corresponds to either of the structures:
[erT] where Rlerr] and Rlerr] are independently CJerr] to (Jerr] alkyl,
preférably Clerr] to err], Xis CHerr]-CHerr],
CHerr]-CHerr]-CHerr], or CHerr]-O-CHerr], and nis 2-6, preferably
2-3. Specific exanples of suitable diamnes include
N, N-di butyl et hyl enedi am ne, 3-di butyl am nopropyl am ne, 1-(2-am no-
et hyl) pyrrolidine, 1-(3-am nopropyl)pyrrolidine,
1- (3-am nopropyl ) pi peridine, N-amno- ethylnor phoi i ne, and
N-am' nopr opyl rmrphol ine. The preferred am ne i s N-am nopropyl- norpholine.
onent B is used at to 95 W% preferably, 25 to 70
% andwbere ‘BéEW 'SQIR)W'“@JWﬂFR?eagﬂHWaWﬁFWR'QF‘SOfdhﬁéW%ﬁnad'é'E isedoani ne,
a Manni ch base, a q¥lg 'OE Ehatlc am ne, or. a conbi Batlon of .the above.
Pr eferab‘FRP"éfcﬁﬁ!}Uﬁ wgighiolipe e ﬂ%‘@é?‘ﬁ%@%’?e %P'IS‘@IWSM OWRYR SYeA%r abl y an
am doam ne. four, types ha e beenl (Esfe 88 % coat i tf? t nunber
of years 'QW& Ewrées\/@dlp T JYRBSYN ?ﬂ-eg(fm' ygogen contdits. Tnstead
use level is given as a_general guide for formulating with:standard bisphenol A epoxy,
which is the amount expressed as phr which has been .fd_und empirically to gi\ie
generally optimum properties.
For a curing agent composed of a mixture of amines, as in the present case, the
use level is the sum of the weight fraction of the individual components (W) of the curing

agent times their use levels (L):
Use Level = WaeLa + WbOLb + ...

The hardener composition is combined with an epoxy resin which is a polyepoxy
compound containing about 2 or more 1,2-epoxy groups per molecule. Such epoxides |
are described in Y. Tanaka, "Synthesis and Characteristfas of Epoxides®, in C. A. May,
ed., Epoxy Resing Chemistry and Technology (Marcel Dg.kker 1988). Examples include
epoxides of polyunsaturated organic compounds, oligomers of epihalohydrins, glycidy!
derivatives of hydantoin and hydantoin derivatives, egcidS/l ethers of polyvalent alcohols,
glycidyl derivatives of triazines, and glycidyl ethers of dihidric phenols. Epoxides of
polyunsaturated organic compounds include divinyl benzéne, cyclohexadiene, cyclo-
octadiene, dicyclopentadiene, cyclododecadiene, cyclod@?ecatriene, isoprene,
1,5-hexadiene, butadlene polybutadiene, polyisoprene, and the like. Glycidyl ethers of
polyvaient alcohols include glycidyl ethers of neopentyl, ethylene propylene, and
butylene glycol, trimethylolpropane, 2-ethyl-1 ,3—hexaned:ql. 2,2-diethyl-1,3-propanediol,
2-butyl-2-ethyl-1 ,3-propahediol, 1,6-hexanediol, 1,4-buta€ediol, 1,3-propanediol,

1,5-pentanediol; 1,8-octanediol, 1,10-decanediol, 1,12-doj§ecanediol, 1,2-cyclohexane-




art. The polyanides are typically made by condensing a pol yal kyl ene

pol yam ne, especially a polyethylene am ne such as diethyl enetriam ne,
trlethyfenetetranlne t etraet hyl enepent am ne, or pentaet hyl enehexam ne
with a dinmerized fatty acid, and the am doam nes are nade by condensing
t he sane polyethylene amnes with a fatty acid. Sonetinmes m xtures of
dinmer acids and fatty acids are enployeq The pol yam des and am doani nes
are sonetines further nodified, such as Psr exanpl e by adduction with
epoxy resin_or a glycidyl ether or some ot her epoxide containing species.
The Manni ch bases are condensates of phenol or an al kyl phenol,

formal debfley 4- oFél ékaﬂb ioPH @ﬁlc}’éh@ké‘ﬁe difteBhndE g g)asnﬁbéav&fo@gievﬁ% hRRE

am nes. e cyc oallp tic curing agents are a c uring

agents .baﬁe%amedla?wﬁ%thagaf palmand a@wa;aﬂta&soﬁb@&reueb@kwew rings.
Exanpl es include nmeta-xylylene dianine, the various isoners of

di am noc yeluleakagiycidybethesrad pelydihgiena glycdl, Bolyphopplehy lglycol, polybutylene
4, 4" -di am nodi cycl ohexyl met hane, 4, 4'-di am nodi cycl ohexyl nethane,

2, 4' - di aglyool; thedvaripu$ ohmdymelrsenf Iemyaneampylbne,rammm&emﬂ oxide,pdlynimytbr i dged
poI y(cycl ohexyl aromat i c am nes (MBPCAA) described in US 5,280,091. These
cycl oal i pleabolcpolimiiybalcabgl, andsibe lise. oelglyridy denvatives inaiudeotrigiysidyl i ncl udi ng

adduction with epoxy resin or a glycidyl ether or some other epoxide
cont ai ni FGC¥YBEREs " or by pr eparl ng a Manni ch base. The cycloaliphatic

O e Byl oS G AR el Prfcb R

i s nos SRR RSl N8 m Ll re MofenBRE F§ 398 Yafbehl, Gl g1 1 ne1 Ues
Exanpl es dfeldiie ga@we:#awlmmw&mmtmﬁ@amm ne,

A

R2

Glycidyl ethers of polyhydric phenols include the g-lycidyl ethers of dihydric
phenoils, inclu&ing .resor'cinol, hydroquinone, bis-(4-hydroxy-3,5-difluorophenyl)-methane,
1,1 -bis-(4-hydroxyphenyl)¥ethane, 2,2-bis-(4-hydroxy-3-methylphenyl)-propane, 2.2-bis—
(4-hydroxy-3,5-dichlorophenyl) propane, 2,2-bis-(4-hydroxyphenyl)-propane (more
commonly known as bisphenol A}, and bis-(4-hydroxyphehyl)—methane (more commonly
known as bisphenol F, and which may contain varying arﬁounts of 2-hydroxyphenyi
isomers), and the like. Also useful are the advanced dihydric phenols of the following

structure:



8 - ~-diethylenetriamne, triethylenetetram ne, pentaethyl enehexam ne and
the like), 1,2-propylenedianne, 1,3-propylenediam ne, 1,4-butanediam ne,
1, 5=pent anedi ani ne, 1, 5- hexanedi ani ne, 1, 3- pent anedi ani ne,

1, 6- hexanedi am ne, 3,3,5-trinmethyl-1,6- hexanedi am ne,

3,5,5-tri met hyl - 1, 6- hexanedi ami ne, 2-mathyl -1, 5- pent anedi am ne,

bi s- (3-am nopropyl yam ne, N, N -bis-(3-am nopropyl )-1, 2- et hanedi am ne
N-(3-am no- propyl)-1,2-ethanedi am ne, 1, 2-di am nocycl ohexane,

1, 3-di am nocycl ohexane, 1, 4-di am nocycl ohexane, ami noet hyl pi perazi ne, and
t he pol whateky isareun&gedeandcﬁ isra divalenthydracarbom rné@al(@laccmhwcrmenek sugh e
Jeffam ne D230, Jeffam ne D400, Jeffamine D- 2000, Jeffam ne D- 4000,

Jef f am ﬁ%thﬁq!bﬂd"cmah ligtedmabryve. Such materials afe prepared by polymerizingi ne C- 346,

£ bl Bk O R RS

i n appl fj'@ytcidghgl_{%e?%ﬁﬁ? rdciwgp ?N/ QP M"ﬁ%(‘ﬂ‘% A’*’ﬁdeé‘a‘ @b resin,

such as m%?eachie”tﬂé ﬁ‘ﬂ-*lﬂ%' ig i wnté‘&ﬂ {ﬁb étenél&%ké“ﬁ@ il 8%4. anpigh s
m ne and epoxy P

fl oor coatings. er are ornmu |ons t hat

are fregﬁ'ﬁ’ﬁ&tleﬁz dw sﬁa% e§§iﬁg1ofﬁ lsﬁb{hé‘ééss atwiel h ber U Thus
5000

t he i nvention SO providés coatings (25 to crons cure epoxy
in this mventnon are polymers with an average value of n between 0 and about 7,

preferably between 0 and 3. Also useful in this invention are the epoxy novolac resins,
which are the glycidyl ethers of novolac resins. Novolac resins are the reaction product
of a mono or dialdéhyde, most usuaily formaldehyde, with a mono or polyphenolic
material. Examples of monophenolic materials which may be utilized include phenol, the
cresols, p-tert-butylphenol, nonylphenol, octylphenol, other alkyl and phenyl substituted
phenols, and the like. Polyphenolic materials include the various diphenois inciuding
bisphenol-A and the like. Aldehydes which are utilized for the novolac include _
formaldehyde, glyoxal, and the higher aldehydes up to about C4. The novolacs typically
are complex mixtures with different degrees of hydroxyl functionality. -‘For the purposes
of this invention useful functionalities range from about 2 to about 4.

The preferred polyepoxy compounds are the diglycidyl ethers of bisphenol-A, the
advanced diglycidyl ethers of bisphenol-A, the diglycidyl ethers of bisphenol-F, and the
epoxy novolac resins. Particularly preferred is the diglycidyl ether of bisphenol-A.

Although the amine hardeners of this invention allow the formulation of very high
or even 100% solids systems without the need to incorporate monofunctional epoxy
diluents, the resin may be modified with a portion of monofunctional epoxide. In this way
viscosity is furthe: reduced, which may be advantageous in certain cases, such as for
example to increase the level of pigment in a formulation while still allowing easy
application, or to allow the use of a higher molecular weight epoxy resin. Examples of

useful monoepoxides include styrene oxide, cyclohexene oxide, ethylene oxide,



conposi tions conprising the am ne hardener and an epoxy resin on substrates
such as'. wood, netal, concrete, plastic and gl ass. The har dener
conpositions can be conbined with epoxy resin at a level of- 0.5 to 1.5 of
the "normal"” use level, and preferably fromO0.85 to 1.15 of the normal use
| evel . For any conponent, the "normal" use |evel is usually the anount
required to achieve a stoichionetric bdRance of epoxy groups and am ne
hydrogens in the fornmulation. It can be calculated in parts per hundred
resin (phr) using the follow ng equation: [err]

23 e A A o R e e Wi e W el 21
C0enC s, RNl R B B R0 gL BT SR R RS, ST 1S,
Lor, 90Tl 21 Rl BB oA SERlr oo ol WECRY
opt I nmum R RRES fwdbmponents, one of which contains the epoxy resin, and the other the
hardener, or curing agent. It will sometimes be advantageous to include one or more
organic solvents in one or both components of the coating. The solvents are employed
to, for example, reduce the viscosity of the individual or combined components, to
reduce the surface tension of the formulation, to aid in film formation, and to increase pot
life. Useful solvents are the lower molecular weigﬁt glycol ethers such as ethylene glycol
monopropyl ether, ethylene glycol monobutyl ether, ethylene glycol monoethyl ether,
propylene glycol monomethyl ether, propylene glycol monoethyl ether, diethylene glycol
monobutyl ether, and the like, the aromatic solvents such as toluene and xylene and
aromatic solvent blends such as Aromatic 100 solvent, ketones such as methyl ethyl
ketone, methyl isobutyl ketone, and methyl amyl ketone, esters such as butyl acetate,
and alcohols such as isopl;opyl alcohol, butanol, and 2-ethythexanol. If ester solvents
are employed, they shouid ﬁormally be incorporated in the epoxy side of the formulaﬁon'
to prevent reaction with the curing agent during storage.

It may also be advantageous to include plasticizers such as benzyl alcohol,
phenol, tert-butylphenol, nonylphenol, octylphenol, dibuyl ;phthalate. benzyl 2-ethylhexyl
phthalate, butyl benzyi phthalate, 2-ethylhexyl diphenyl ph@sphate, isodecy! diphenyl
phosphate and the like in one or both of the components. With the phosphate and
phthalate esters it will usually be advahtagéous to include them with the epoxy
component in ocder to avoid reaction with the harderier @r_i‘ng storage. Plasticizers
reduce the glass transition temperature of the compositi'_'g'_)n.:__ and therefore allow the amine
and epoxide to a[:hieve a highet degree of reaction tharf ﬁ\;ibht otherwise be possible.

Their use is particularly advantageous in combination wi_t_h cycloaliphatic curing agents.



+or a -curing agent conposed of a m xture of amnes, as in the present case,
the use level is the sumof the weight fraction of the individual
conponents (W of the curing agent tines their use levels (L):

Use Level = W . La + W . Lb + The hardener conposition is
conmbined with an epoxy resin which is a polyepoxy conpound contai ning
about 2 or nore 1, 2-epoxy groups per nojgcul e. Such epoxi des are described
in Y. Tanaka, "Synthesis and Characteristics of Epoxides", in C. A My,
ed., Epoxy Resins Chem stry and Technol ogy (Marcel Dekker-1988). Exanples

I ncl ude epoxides of pol yunsaturated organi c conpounds, oligoners of

epi hal ohydr i nagcefgratorsiior thedepaxy aminve wasfiorhmdy be @mpleyed in yhafarmulation.
derivatives, glycidyl ethers of polyval ent al cohols, l.yci dyl derivatives
of tri azisafdl acgalgrajorpare el known o tpselskiljert indhe ad aod includsagdidesuabras

pol yunsat ur at ed_ organi c congounds i ncl ude di vi nyl 'benzene, cycl ohexadi ene,

cycl o- Sieyigiasich vanpusRhengisnyalinus sarboxylia agidss xariqusswonieaeidsadridcat r i ene,
i soprene, .. 1, 5- hexadi ene, . but adi ene, pol ybutadi ene, . polyi soprene, and the
ke Crtpiiall SmiteA sugh 5 sy BmincRRbR R u s & R PRTeOe: hor s of
neopent yl E’H}é'l ene, propylene, and butylene glycol, trinethylol propane,
2-eth |__aldc§_ ©Xanedi ol , 2, 2-di et hyl - 1, 3- pr opanedi ol ,

2-but yl - 2- -1 2 - i - i . .
29U otk B oy TRl o AR ey
1, 12- dodg{AangrieRts may Be Gitin@hRS I epoxy resin, the hardener, or both. They may also

be incorporated with the use of a pigment grinding aid or pigment dispersant, which may

be used in combination with the epoxy resin or the hardener, or may be used alone.
The use of pigment dispersants is well known to those skilled in the art of coating
- formulation.
Other additives may aiso be included in the coatings formulation. Such additives
include defoamers, surfactants, slip and mar aids, rheology modifiers, flow aids,

adhesion promoters, light and heat stabilizers, corrosion inhibitors, and the like.

Examples 1-14 |

The coatings of Tables 1 and 2 were prepared by hand mixing the ingredients
indicated.. After allowing the mixtures to induct for 15 min, the clear films were applied to
polished 7.6 x 15.2 cm cold rolled steel panels (Q Panel Co.) and to 7.6 x 15.2 cm grit
blasted hot rolled steel with a 2 mil profile (Custom Lab Specialties Co.). Thin film set
times were measured at the indicateg temperatures using a B-K recorder {(Paul N.
Gardner Co.) and taken as the time at which the needle was lifted off the surface of the
glass substrate. Gel times were measured on 150 g total mass of epoxy resin and
curing agents using"a Tecam gelé'tibn timer model GT-4 (Paul N. Gardner Co.) which

operates at 10 strokes per minute.



- 10 -~ diol, 1, 4-cycl ohexanediol, 1,4-cycl ohexane di nethanol, glycerin,
sorbitol,, pentaerythritol, and the like. dycidyl ethers of polyneric

pol yval ent al cohols are also suitable and include the glycidyl ethers of -
pol yet hyl ene gl ycol, polypropyl ene glycol, polybutylene glycol, the

vari ous copolymers of ethylene, propylene, and butyl ene oxide, polyvinyl

al cohol, polyallyl alcohol, and the like. The glycidyl derivatives include
triglycidyl isocyanurate. The glycidyl derivatives of hydantoin and
hydant oi n derivatives include strutdifds” shown bel ow wher.e Rl and R2 are
a|ky| Ghainsof 1 to 4 ia sinale

t et r angtE4gNRIBe _or pent 8 9 g ydddy|! ethers

of ol ol.g dihydric inhendl s,
i ncPud? pde ARM o oi nol 43 7 —
bi s- ( 4-}haselamineDes0g 35 12
1, 1- bi J—teAngarmide 2426y 1 &0, 40 1100 |95
2, 2-bi 5 ; is ) 5{6
(4- hydrs o8 T b8 \ #ﬁw 1 : jopane
(nore R 985 |19bs PIE30! ?—-3#38 hane
(nore JEEYE ¥6°C (Hr) | 26 | 18.25 | 24.5 13.75 |
TFST @ 25°C (Hr.) _ E 14 | 11.75
Gel Time (Min,) 377 1209 | 433 240 | 202 | 193
Peak Exotherm (°C) 134 172 |39 |84 |96 |36 157 192 |34 |36

1 N-aminopropyimorpholine.

2 Amine terminated polypropylene oxide, mol. Wt. = 230, Huntsman Corp.

3 Amidoamine curing agent, recommended use level 49 phr, Air Products and
Chemicals Inc. :

4 Tertiary amine catalyst (tris-(dimethylaminomethyl)-phenol), Air Products and
Chemicals, Inc. :

5 Epon 828, EEW = 190, Shell Chemical Co.

The resuits of Examples 4 and 5 compared to Examples 9 a;\d 10 indicate that
by combining an amidoamine curing agent with a primary-tel-ftiary diamine of the current
invention, formulations with epoxy resin were obtained that had an excellent balance of
low viscosity, fast cure speed and long gel time compared to the use of an amidoamine
curing agent without the primary-tertiary diamine. As the leVél of primary-tertiary
diamine was increased, dry time and viscosity were both reduced. Dry time was
enhanced with the addition of a tertiary amine catalyst, whilefétil! maintaining a long gel
time. The dry speeds were much faster than were obtained _é._t’sing an altemnative,
tetrafunctional diamine curing agent (Jeffamine D230, Exarhél_es 1 and 3). However, by
combining .small amounts of Jeffamine D230 (Example 8), a %unher improvement in gel
time was achieved, while maintaining a fast thin film set txme in this way the flow and

appearance propé&rties of the coating were also enhanced.




-known as bi sphenol F, and which may contain varying anmounts of

2--hydr oxyphenyl isoners), and the |like. Al so useful are the advanced

di hydric phenols of the following structure: - [err] wher e
nis an integer, and Ris a dival ent hydrocarbon radical of a dihydric
phenol, such as the dihydric phenols |isted above. Such materials are
prepared by polynerizing mxtures of the di hydric phenol and

epi chl orohydrin, or by advancing a m xt.umse of the diglycidyl ether of the
di hydri c phenol and the dihydric phenol. Wiile in any given nolecule the
value of nis an integer, the materials are invariably m xtures which can
be <characterized by an average val ugapfe® which is not necessarily a whol e
nunber. Useful in this invention are polyners with an average val ue of n

between 0 an{ EBeiment Plelerap]y getwqen UJandis. A SO yperdl in this
i nvention ar ¢ nBPCaMp OV ac T eSS, Wi ¢ are tng grycrayl ethers of
novol ac resi 1Sq, ABWO! aC T eS| TS7a3E e JZEFC LI O FHdU @f a jrono or
di al dehyde, HOSIARSHEaAY [ O TEAIRHTYUE, J¥ 4 1T & TTH{165 OT | poiqgghenpl i c
% Ancamine K545 4.75 4.75 4.75 4.75

Hardener (g) 43.8 47.6 515 55.4

Epoxy Resin? (g) 100 100 100 100

Mix Viscosity (cP) 682 1781 4663 14340

TFST @ 25°C (Hr.) . 7.75 7.5 7.75 6

GelTime(Min) | 145 193 : 225 170

Peak Exotherm (°C) . 129 67 56 45

1 N-aminopropylmorpholine.

2 Polyamide curing agent, use level 52.6 phr, Air Products and Chemicals Inc.

3 Tertiary amine catalyst (tris-(dimethylaminomethyl)-phenol), Air Products and
Chemicals, Inc.

4 Epon 828, EEW = 190, Shell Chemical Co.

Examples 11 - 14 show that incorporation of APM greatly reduced the mix
viscosity of a polyamide and epoxy resin mixture. At levels of 25% and 50% APM. gel

time was extended with only a modest increase in thin film set time.



-mat eri.al . Exanpl es of nonophenolic materials which may be utilized include
phenol ,- the cresols, p-tert-butyl phenol, nonyl phenol, octyl phenol, other
al kyl and phenyl substituted phenols, and the |ike. Polyphenolic materials
i ncl ude the various diphenols including bisphenol-A and the Ilike.

Al dehydes which are utilized for the novol ac include

gl yoxal ,

are conplex mxtures with different degrees of hydroxyl
t he purposes

f or mal dehyde,
and the higher al dehydes up toighout C4. The novol acs typically
functionality. For

of this invention useful functionalities range from about 2

to about 4. The preferred pofrgeslpdxy conpounds are the diglycidyl
et hers of bisphenol-A the advanced di %I ycCi dyI et hers of bi sphenol A, the
di glycid Anhtg1enol - F € ol ad
Pa?tiycul gtin)?fr ?reefcneﬂryed I's the di 5??@?5% et Wp%?,%ﬂge%ﬁsﬂ&ssm
Al thougl the ami ne hardeners of fhis inventigjcgbhouuis) 920-¢! (Pasahisynf Of
veryf hi Q\II,Njﬂi t }\ﬁe as—s SIS sNR! Tpul L BHsTIEEUTTT T NCOT POt e .
nonof unggioh tsT—th - ion o
nmonof und '!y:t '?[di &%‘L—! 8 _'7 3_' S SH--y— i ch
may be nﬁ-’ Wfﬁﬁ,v JDOPTQP)(QWHQLH & Al s . e t he
| evel of|Ndi-Lipulylefhylege . ' i on,
or to all i t i ropyt iﬂhtagan\(\} desin.. Exanplies of
useful n Dpwirdlidine st yrlen CGHI4NR ~y;J.035ﬁpnp gxide _ethyl ene
oxi de, |1-(3-Aminopropyl)pyrrolidine C7H16N2 106 -12-

1-(2-Aminoethyl)piperidine C7H16N2 67.6

1-(3-Aminopropyl)piperidine C8H18N2 246

N-Aminoethyimorpholine C6H14N20 45.6

N-Aminopropylmorpholine C6H16N20 24.2 7.98°

* Lenga, R. E., et al, "The Sigma-Aldrich Library of Regulatory and Safety Data", Vol 1,
p 327.

® Material Safety Data Sheet for Aminopropyimorpholine, Huntsman Corp., 1 July 1994.

Table 3 gives the calculated values of the vapor pressure in Pascals at 20°C for
a number of primary-tertiary diamines, and compares thefn to the literature values where
available. The vapor pressure calculations were based on the extended Antoine
equation [1,2] and were carried out inside Apsen Plus simulation software. When the
parameters for this equation were unavailable, as for some of the compounds, an
estimation was used. Riedel [3,4] correlated the vapor pressure behavior of pure
components to their corresponding critical temperatures, critical pressures, and normal
boiling temperatures. Based on this relationship, the Aspen Plus software predicted
vapor pressure-temperature curves that can be regressed to yield parameters for the
extended Antoine equation.

(1] Antoine, C., C.R., Vol 107, 681,836 (1888)

[2] Harlacher and Braun, Ind. E'ng. Chem. Processé Des. Dev., Vol 9, 479 (1970)




-propyl.ene oxi de, butyl ene oxide, and the glycidyl ethers of phenol, the
cresols, tert- Dbutyl phenol and other al kyl phenols, butanol,

2- et hyl-hexanol and the |ike. Normal |y, coating conpositions
according to the present invention will consist of at |east two
conponents, one of which contains the epoxy resin, and the other the
hardener, or curing agent. It wll sonetinmes be advantageous to include one

or nore organic solvents in one or both_conponents of the coating. The
solvents are enployed to, for exanplef17éduce the viscosity of the

i ndi vi dual or conbi ned conponents, to reduce the surface tension of the
formulation, to aid in filmformation, and to increase pot life. Useful
solvents are . . r I ers such as ethyl ene

gl ycol mnoptdggﬂ%'géf[ﬁéweﬂf% e%ﬂgﬂ{égﬁ {bS% I ether, ethylene glycol
nonoet hyl et heg, r I cpl h I h

monoet hyl eth IJ R?f?etﬁﬁ?;l er?éuég‘ t)%c"gM = n@EEt F/I Eg%h?r;e Pmﬁgﬁﬂﬁ?}%%%%ﬂh
aromati ¢ sol vent gig&ids Bra EditohURBGrai-tilk b2 gparss-18y omat i ¢ sol vent bl ends
such as Aromatic ?00 sol vent, ketones such as nethyl ethyl ketone, nethyl
i sobutyl ketone, and net hyl anyl ket one, esters such as butyl acetate, and
al cohol's such as isopropyl alcohol, butanol, and 2-ethyl hexanol. If ester
solvents are enployed, they should nornally be incorporated in the epoxy
side of the fornul ati ord ENV & LIS [HiAb ARRUNCART®N uri ng agent during
st or age. It may also be advant ageous to incl ude pl asticizers such
as benzyl al cdhepresephieMentiontpseyidesaming ner aeRResiiansdor cusingyapo¥nol |

di butyl phthal ate, benzyl 2-ethyl hexyl phthalate butyl benzyl phthalate,
2-eththE¥WI ‘ﬁﬁ%nyl phosphat e, isodecyl diphenyl phosphate and the |ike
in one or both of the conmponents. Wth the phosphate and




phthalate esters it will usually be gdvan:
epoxy ¢tonponent in order to avoid ='-
storage. Plasticizers reduce the gl a
conposition and therefore allow the a ' 'dpdkli de to achieve a hi gher
degree of reaction than m ght otherw se be p055| ble. Their use is

particul arly advant ageous in conbinati emgwi th cycl oal i phatic curing agents.
- 13 - Accel erators for the epoxy am ne reaction may be enpl oyed
in the formulation. Useful accelerators are well known to those skilled in
the art and include acids such as salicylic acid, various phenols, various
carboxylic acids, various sulfonic zﬁwﬁ/ﬁand tertiary am nes such as
tris-(dinethylam nonet hyl)-phenol which is the preferred accelerator.

The coat!ﬁ'@'"? -ornul ation may al so include pignments and m xtures of pignents.
The pignents may be ground into the epoxy resin, the hardener, or both.

They may also be incorporated with the use of a pigment gri nd| ng aid or

pi gnent ~ di sperkafft aming haideras coppositienf qrﬁumqw@%n bﬂﬁ@‘ﬁ"@ﬁ@gépoxy resin
or the hardener, or _)/ be used al one. The use of pignment dispersants is
wel | kno®pmpusing (Y¢S 5% etia digmingwhich pessasses pNgpPoripyesawre lesgithan about

tenperature of the -

g TR

133 Pascals at 20°C, contains both a primary amine and a tertiary amine and

corresponds to either of the structures | and ll:

Rl\ CH\z
N—(CH,)n—NH, X  N—(CHpn—NH,

/ /

Ry H,

where R, and R, are mdependently C,-C, alkyl; X is -CH,-CH,-, -CH,-CH,-CH,-, or -CH -
O-CH2 ;and nis 2-6, (B) 5 to 95% of a polyamide, amldoamme Mannich base or
cycloaliphatic amine curing agent; and (C) 0 to 50% of other active hydrogen containing

diamines or polyamines.

2. The amine hardener composition of Claim 1 in which compohent Aisa

compound which corresponds to structure ll.

3. The amine hardener composition of Claim 1 in which component A is
selected from N,N-dibutylethylenediamine, 3-dibutylaminopropylamine, 1-(2-amino-
ethyl)pyrrolidine, ~1'-(S-aminopropyl)pyrrolidine, 1-(3-aminopropyl)piperidine, N-amino-

ethylmorpholine, and N-aminopropyimorpholine.




This Sheet Hag Beéii Replaced. -
O her .additives may al so be included _ S forrrul ul'm I!H%“ll”““l
additives include defoaners, surfz_acthgqu[mi_[l ﬁ mer
nodifiers, flow aids, adhesi on priono v ] 1d heat stabl lizers,
corrosion inhibitors, and the |ike.

Exanpl es 1-14 The coatings of Tables 1 and 2 were prepared by hand
m xing the ingredients indicated. Afteri9allowi ng the mi xtures to induct

for 15 min, the clear filnms were applied to polished 7.6 x 15.2 cmcold
rolled steel panels (Q Panel Co.) and to 7.6 x 15.2 cmgrit blasted hot
rolled steel with a 2 ml| profile (Custom Lab ecialties Co.%1 Thin film
set tines vver"e F%éﬁ‘!’!ﬁf‘aéf’e'iﬂéc’mﬁ&?'@%ﬁ‘ QBC'PMJ? whicheemponsRf Alss- K recor der
(Paul N. nd taken as the tinme at which the needle was lifted

aropyl q{éhal
of f the Q‘Lﬁ'F'&BBmBV"? “%Pass substrate. Gel times were measured on 150 g

total mass of epoxy resin and curing agents using a Tecam gel ation tiner
nodel GI-4 (Paul N. Gardner Co.) which operates at 10 strokes per mnute.

-2 14- 2 5 Tl%e am:r%e hardene_; compogmon of %lalm T?lb%ﬁmﬁ caﬁﬁ@ﬁp%?\ 1S Q,Tei\m 1

35 atzstog@wt%gso 11.88 39.38 43

6. The amine hardener composition of Claim 1 in which component B is present

at 25 to 70 wt%.

7. The amine hardener composition of Claim 1 in which component C is present

at 5 to 20 wt%.

8. The amine hardener composition of Claim 1 in which R, and R, are

independently C,-C, alkyl.

9. The amine hardener composition of Claim 1 in which n = 2-3.

10. The amine hardener composition of Claim 1 in which component A has

vapor pressure <~100 Pascals at 20°C.

11. The amine hardener composition of Claim 1 in which component B is an
amidoamine or a polyamide.
12. An amine hardener composition for curing epoxy resin based coatings

comprising (A) 25 to 70% of a diamine which possesses a vapor pressure less than




% Jef fam ne D230[err] 35 5 his Shect Has Been Replaggd 3. 11|“ﬂm '- Hm
2426[ ert] 60 60 40 40 40“",mmm "l 40 ~LONRIRR BB UAIRCEA TR e
K54ferr] 5 5 5 5 s IS s S - *  ®5 Har'dener
55.3 47.1 57  44.4 42 52.7 46.6 46.6. 49 | 51.6 Epoxy Resin[err]

(g) 100 100 100 100 100 100 .. 100 100 100 M x Viscosity

(cP) 986 998 531 550 535 541 602 501 3428 3821 TFST @ 16C
(Hr.) 26 18.25 24.5 14.5 18 24.25 18.5 13.75 TFST @25[err]C
(Hr.) about 100 Pascals at 20°C, contains both a primary amine anda tertiadamine hhd75 Cel
Time (Mn.) 377 209 433 165 207 371 232 240 292 193
Peak ExolcBrespdridens bitherdt the stducturesPand B4 96 36 57 92 34

36 [err] N-am nopropyl nor phol i ne. [err] Am ne term nated

pol ypr opyl ene oxide, nmol. W. = 230, Huntsman Corp. [err] Am doam ne

curing agent, recorhgglded use |evel 49 phrg @Hs Products and
Chem cal s Inc. [ u@ﬁ{)}bﬁﬁ? ;im ne cegtal y\ﬁL‘(CHHn—NHz

(tris-(dinmethylam nopeth enot), Air Kroducts an Chem cal s,

| nc. [err] EporRe828, EEW= 190, Shell Hpcal Co. The results
of Exanples 4 and 5 conpared to Exanples 9 and 10 indicate that by

conbi ni ng an am doam ne ,curing agent with a pri mahy-terti ary diam ne of the
current invention, fornulations with epoxy resin were obtained that had an
excel l ent bal ance of |ow viscosity, fast cure speed and |long gel tine
conpared to the use of an am doam ne curing agent w thout the

primary- et Rl ¥nd R Ard Ridefndently C9C; laligf; XOE1-CRLCH, ‘%%Hg—bﬂ;dﬁﬂ%ﬁl@%ﬁs
increased, dry time“and viscosity were both redaced. Dry ti'me was enhanced

Wi th t he rd#,; iand nab 23, (BY 25 B J0% 0F APolyaimide; aimidodmihe, Mandith basewei ni ng a
long gel tinme. The dry speeds were nuch faster than were obtained using an
al t er nat icyelpaliphatic aminecturingaigedt; and (@) 8 to 508 ofigther aétivef Hyargen dohgining
Exanples 1 and 3). However, by conbining small anmounts of Jeffam ne D230

( Exanpl e digmines dupelyaminespr ovenent in gel tine was achi eved, while
maintaining a fast thin filmset tine. In this way the flow and appearance
properties of the coating were al so enhanced.

13. The amine hardener composition of Claim 12 in which component A is a

compound which corresponds to structure Ii.

14. The amine hardener composition of Claim 12 in which component A is
selected from N,N-dibutylethylenediamine, 3-dibutylaminopropylamine, 1-(2-amino-
ethyl)pyrrolidine, 1-(3-aminopropyl)pyrrolidine, 1-(3-aminopropyl)piperidine, N-amino-

ethylmorpholine,' and N-aminopropylmorpholine.

15. The amine hardener composition of Claim 12 in which component A is

N-aminopropyimorpholine.

-

16. The amine hardener composition of Claim 12 in which component C is

present at § to 20 wt%.

17. The amine hardener composition of Claim 12 in which n = 2-3.




This Sheet Has Been Réj _laced -

i am o TS 2 WM

0 *» "  9%Anc. 350A[err] oy 71,25 % f |
% Ancam ne K543 4.75 4.75 4. 75 4.75
Har dener (g) 43. 8 47.6 51.5 55.4 Epoxy
Resin[err](9) 100 100 %Q 100 M x Viscosity
(chP) 682 1781 4663 14340 TFST @25[err]C (Hr.)
7.75 7.5 7.75 6 Gel Time (Mn.) - 145
193 225 170 Peak Exotherm ([err]C) 129 67
56 45 [err] N-am nopropyl nor phol i ne. [err] Pol yam de
curing agent, use level 52.6 phr, Air Products and Chem.cals Inc. [err]
Tertiary ani nascmlamhe hhfdefied SHnAFssh AICRARENY Whidh @Rfionent halr oduct s
and Chem cal s, Inc. [err] Epon 828, EEW = 190, Shell Chem cal
Co. vapor prémwkeso Pascalslat zohow that incorporation of APMgreatly

reduced the mx viscosity of a polyam de and epoxy resin mxture. At
| evel s of 25% and 50% APM gel tinme was extended with only a nodest
i ncrease in then Thelamise haitdener. composition of Claim 12 in which component B is an

amidoamine or a polyamide.

20. The amine hardener composition of Claim 12 in which component B is an

amidoamine.

21. An amine hardener composition for curing epoxy resin based coatings
comprising (A) 25 to 70% of a diamine which possesses a vapor pressure less than
about 50 Pascals at 20°C, contains both a primary amine and a tertiary amine and
corresponds to structure il

CH,

X ;N—'(CHz)n—NHz
Hy

where X is -CH,-CH,-, -CH,-CH,-CH,-, or -CH,-O-CH,-; and n is 2 or 3, (B) 25 to 70% of
a polyamide or amidoamine, Mannich base or cycloaliphatic amine curing agent; and (C)

5 to 20% of otheractive hydrogen containing diamines or polyamines.

22. The amine hardener composition of Claim 21 in which component B is an

amidoamine or a polyamide.




;:clf;ml‘a‘, Cal cul at ed Tﬁiﬂet@iﬁiim W| e s Pri ma1 “IM1|"||'M“W| m‘

Vapoer Pressure Vapor Pressu ;_,--:cal S) 20[err] C(cPasca s)

N, N- Di et hyl et hyl enedi ani ne FLONZ -8 P 543

3- Di et hyl ami nopr opyl ami ne . CTH1I8N2 182

3- Di net hyl am nopr opyl am ne C5H14N2 942

665[err] N, N-Di butyl et hyl enedi ami ne  -2£10H24N2 6. 81

3- Di but yl am nopr opyl am ne C11H26N2 2.33 1

-(2- Am noet hyl ) pyrrolidi ne CoH14N2 256 1

- (3- Ami nopr opy23.p¥he ainir meerderigfldoinpobifion of Clainlk @6 in Which component Bisan

- (2- Am noet hyl ) pi peri di ne C71H1I6N2 67.6

1- ( 3- Am nampidopgiineni peri di ne C8H18N2 24. 6 N-Am noet hyl nor phol i ne
C6H14N20 45.6 N- Am nopr opyl nor phol i ne C6H16N20 24.2

7.98[err] [err] Lenga, R E., et al, "The Sigma-Aldrich Library of

Regul atory and Safety Data", Vol 1, p"327. [err] Mterial Safety Data
Sheet for Am nopropyl norpholine, Huntsman Corp., 1 July 1994. -

Tabl e 3 gi ves 2heAxarabié apexy coaiposition toinprsing p@olyepedde Fesin andParCamhmeat
20[err]C for a nunber of primary-tertiary diam nes, and conpares themto

t he |it erbarderencampositishof €laimviai | abl e. The vapor pressure cal cul ations
wer e based on the extended Antoine equation [1,2] and were carried out

i nside Apsen Plus sinulation software. Wen the paraneters for this
equation were unavail able, as for sone of the conpounds, an estimtion was

used. Riedel [3%-4f W@W%P&?’%’d’%ﬁ’@s@a‘bﬁﬁ’mﬁﬂﬁ%BPQ'YSB%‘W msipang the:amine

hardener composition of Claim 12.

26. A curable epoxy composition comprisihg a polyepoxide resin and the amine

hardener compaosition of Claim 21.

27. A substrate containing a 25-5000 micron coéting of a cured epoxy

composition of Claim 24.

28. A substrate containing a 25-5000 micron coating of a cured epoxy

composition of Claim 25.

29. A substrate containing a 25-5000 micron coating of a cured epoxy

cofnposition of Claim 26.




conponents to their corresponding critical tenperatures, critical

pressures, and normal boiling tenperatures. Based on this relationship,
t he**Aspén Pl us software predicted vapor pressure-tenperature curves that
can be regressed to yield paraneters for the extended Antoine equation.

[1] Antoine, C., C R, Vol 107, 681,836 (1888) [ 2] Harl acher and
Braun, Ind. Eng. Chem Process Des. Dev., Vol 9, 479 (1970)

- 17 - " [3] Reidel, L.; GEMAMGL Tech., Vol 26, p. 83 (1954).
[4] Reid, R C., Prausnitz, J. M, Poling, B. E., Eds. The Properties of
Gases and Liquids, 3rd Edition, McGawH I, 1977, pp.186-187.

STATEMENT OF | NDUSTRI A'erGOHP_P L%ré %OXY CUATITI\EES R esEnt I nvention provides
ami ne hardener conposithonss {wirFUE R SPPXYI AN Bf ). SYst ens.

An amine hardener composition for curing epoxy resin based coatings and
related products comprising (A) from 5 to 75% of a diamine which possesses a vapor
pressure less than about 133 Pascals at 20°C, contains both a primary and a tertiary

amine and corresponds to either of the structures:

Rl\ CH‘Z
N-—(CHy)n—NH,; X N—(CHp)n—NH;
/ /
R; ' H, -

where R, and R, are independently C,-C, alkyl; X is <CH,-CH,-, -CH,-CH,-CH,-, or -CH,-
O-CH,-; and n is 2-6, (B) from 5 to 95% of a polyamide, amidoamine, Mannich base or
cycloaliphatic amine curing agent; and (C) from O to 50% of other active hydrogen
containing diamines or polyamines. Coatings based on the composition can be
formulated at up to 100% solids, and have an excellent combination of pot life and dry

speed.




-18- . 1; An‘anine: hai‘ld@”ner mon’;l@ﬁ ti on fcmll "l Btml esin based t ™
coat i ngs co riging (ApaSdie. #5pagled . 20 Of a Ssesses a vapor
pressure’ Ieiss Stehramg abom"uaiaa Bapapelis..at] 20[err] C., cont ains both a primry

am ne and:aiitetdtdzary apigpe.and g@edespgnds to elthe etetl Q209
and 11: i[err] wher e Rferr] %nd Rlerr] are independently

Cerr]- C[érr] ol kytl e Kedrfe- C!j[l%_] CH2 JQ:H[err] CH err]-CHerr]-, or
-CH err] -0 C}I[daﬂlm “ane-a=fs 2ssr (B) 25 to 70 W % of an ani doam ne

(i amne” cont It Arpipe bAYHRnes donibRRiih A ctulhg Cpdkg HESid"
har dener cassd: cmmhgs comdprising (A) Oﬁptme‘hs wts% ofnacdiamineh

' i on cJiERh HodiEsses A, VAR Bﬁ&af % TofS) thay, gbote “133" 1

N, N- di but yiBasgadseaitad0®, G, dcmm;mnmbomolaylmmary amine and a

1. (5. ami noRey ﬁf.%”@%@?ﬁﬁﬁ%ﬁ BIftit'&f the structures I

N- ami nopr o@!ndo ol i ne . 4. The anine hardener conposition of claim1 in
whi ch conponent Ais Nam nopropyl rmrphol I ne.
1\ ' I
/N-—(CH-;)..—NH: |
R
/Cﬂi o
X N—(CHy)x—NH:

- where R, and R, are independently C,-Cq alkyl; X is
-CH,—CH,~. —CH,—CH,—CH,—, o0 —CH.,—{
CH,—; and n is 2-6, (B) 25 to 70 wt. % of an amidoamine
curing ageat; and (C) 5 to 50 wt. % of a poly(alkylene oxide)
diamine or triamine containing three or more active hydro-
gens.
U . 2. The amine hardener composition of claim 1 in which
- component A is a compound which corresponds to structure
18
-3. The amine hardcncr composition of claim 1 in which
component A is selected from the group consisting -of
N.N-dibutylethylenediamine, 3-dibutylaminopropylamine.
1-(2-aminocthyl)pymrolidine. 1-(3-aminopropyl)pymrolidine,
1-(3-aminopropyl)piperidine. N- -amino-cthylmorpholine,
and N- aImnopropylmorphohnc
4. The amine hardeacr composition of claim 1 in which
componcnt A is N-aminopropylmorpholine.
- | - REPLACEMENT SHEET
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- 19 - 5. The anine hardener conposition of cI F qul ,lll
corrponent *Cis present at 5 to 20 wt% 6. The am ne I o
of claim1 in which Rlerr] and R[err] are |ndependently Cerr]- err]

al kyl . 7. The am ne hardener conposition of clai mSubstitwe sheat2-1%/7/98.
The am ne hardener conposition of claim1:in which conponent A has vapor
pressure <-100 Pascals at 20[err] C 9. An am ne hardener conposition for
curing epoxy resin based coatings conprising (A 25 to 70 wt % of a diam ne
whi ch possesses a vapor pressure |ess than about 100 Pascals at 20[err] C.,
contains both a primary anine and a tertiary am ne and corresponds to
either of the structures | and II: [err] Where R err] and R err]
are independently Cerr]-Cerr] alkyl; Xis :

-CH err]-CHerr]-,-CHerr]-CHerr]-CHerr]-, or -CHerr]-0O

S. The amine hardener composition of claim 1 in which
component C is present at 5 to 20 wt. %.

6. The amine hardener composition of claim 1 in which R,
and R, are indcpcndcndy C,—C, akyl.

Z g‘hc amine hardener composmon of claun 1 in which
=L~

\,/ 8. The amine hardener composition of claim 1 in which

component A has vapor pressure <=~100 Pascals at 20° C.

9. An amine hardener composition for curing epoxy resin
based coatings comprising (A) 25 to 70 wt. % of a diamine
which possesses a vapor pressure less than about 100
Pascals at 20° C., contains both a primary amine and a
teriary amine and comesponds to either of thc strtuctures I
and II:

Ry I
N—(CHz),—NH;

w : |

CH, o . g

R:
VR
X /N—(CH;),—-NH:
N

where R, and R, are independently C,-C, alkyl: X is
—CH?_—'CHQ_ - *CHg CHZ CH: R or - CH:"—"O'—

REPLACEA:- =7 SHEET
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- 20 - CH err]-; and nis 2-6. (B) 25 to 70 w. 1/" lﬂ" t ll
curing agent and (O 5 to 50 wt. %.of a poly(al kyl ene .o

triam e containing three or nmore active hydro- gens. : 10. The am ne"
hardener conposition of claim9 in which conponentSébstitute GRBROLAG/ MBS
corresponds to structure IL 11. The am ne hardener conposition o
claim9 in which conponent Ais selected fromthe group consisting of

N, N- di but yl et hyl enedi am ne, 3-di butyl am nopr opyl am ne,

1- (2- ami noet hyl ) pyrrolidine, 1-(3-am nogPopyl)pyrrolidine,

1- (3- am nopropyl ) pi peri di ne, N-am no-ethyl norpholine, and

N- am nopr opyl nor phol i ne. 12. The am ne hardener conposition of claim9
in which .conponent A is N-am nopropyl norphol i ne. -13. The am ne hardener
conposition of claim9 in which conponent Cis present at 5to 20 wt %’
14. The am ne hardener conpoosition of claim9 in which n=2-3.

- 21 - 15. The ami ne hardener conposition of claim9 in which conponent
A has vapor ﬁ‘ssure <-50 Pascals at 20[err] C 16. An am ne- har dener

corr(;)}os:c ti Od —e-q\r,\%nd nme-L@S(BﬁQSfﬁdOC@'@ mscblooﬁranlznm.(dgma?ﬁme 70

w %ot a ATy aYRSE BREEETS 13 S0P . fys(gaﬁ:yfcgcogh e)
diamine or triamine containing thrcc or more active hydro-
gens.

19. The amine hardener composition of claim 9 ir which
‘component A is a compound which comesponds to structure
IL

11. The amine hardener composition of claim 9 in which
componcnt A is selected from the group consisting of
N .N-dibutylethylenediamine. 3-dibutylaminopropylamine,

- 1-(2-aminoecthyl)pyrrolidine, 1-(3-aminopropyl)pyrrolidine,
1-(3-aminopropyl)pipcridinc.- N-amino-ethylmorpholine,
and N-aminopropylmorpholine. o
- 12. The amine hardener compositior of claim 9 in which
component A is N-aminopropylmorpholine.

13. The amine hardener composition of claim 9 in which

component C is present at 5 to 20 wt. %.

14. The amine hardener composition of claim 9 in which
n=2-3.

REPLACEMENT SHEET
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Pascal s at 20[err] C, contains both a pri mary am ne anc”ﬂwmm]lmwlmﬂple

and oorresponds to stucture I1: Jerr]

-CH[EEI’] CH err]--CH err]-, or -CH[err]-OCH[err] and nis 2 or gB) 25
to 70 wt. %of an am doanine curing agent: and WM—

pol y(al kyl ene oxide) diarnine or triam ne containing three or nore active
hydr ogens. 17. The am ne hardener conposition of claim16 in which
conponent (A) is N-amn nopropyl nmarpholi ne. 18. The am ne hardener

conposi tion of claim 16 in which comgdnent (C) is a pol y(propyl ene oxide),

di am ne.
'15. The amine hardener composidoa of claim 9 in which
compoanent A has vapor pressure <»50 Pascals at 20° C.
16. An amine hardener composition for curing epoxy
esin basead coatings comprising (&) 25 to 70 wt % of a
diamine which possesses a vapor pressure less than about 50
Pascals at 20° C.., contains both a primary amine and a
tertiary amine and corresponds to structure I

where X is —CH,—CH,~—, —CH,—CH,—CH.—, or
—CH,—0—CH,—; and nis 2 or 3, (B) 25 to 70 wt. % of
an amidoamine curing agent; and (C) 5 to 20 wt. % of a
poly(alkylene oxide) diamine or triamine containing three or
more active hydrogens.

17. The amine hardener composition of claim 16 in which
componcnt (A) is N-a:mnopropylmorphohnc

18. The amine hardener composition of claim 16 in which
component (C) is a poly(propylene oxide) diamine.

REPLAGEMENT SHEE_'{

20 JUL 1999




