WO 03/ 054092 PCT/ EP02/ 14561 Coating Conposition Field of Invention 5 The
present invention relates to an epoxy resin coating conposition, and in
parti cul awotoa/os4eeh a conposition conprising a curing agentPCr@mpprissng a
trimer fatty triamne and/or higher oligoneric am ne. Background 10
Coati ngs based on epoxy resins are inportant industrial products. The

| argest vol unme of these productGoatingGardpésitionhe protection and decoration
of large metal or concrete structures such as bridges, ships, industrial
tanks, etc., where application of the coating nmust be perforned under
anbi ent condi tAieldsof lhyentionr esi n coati ngs 15 provi de a conbi nati on of
corrosion resistance, water resistance, abrasion resistance and sol vent
resi stance. Mbst epoxy resin coatings designed for ambient application
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cases in conbination with other 20 curing agents.” Several classes of amine
curing agent s PRFISUIRE &ysuchrmeanmnositio compesing iaryrindagent cemprising adiirger fatty

di am nes such tasmirBtANM: BldBeddi p}n@ﬁ almypphorone di am ne, pol yet her

di am nes, and pol yam des Pusua y t%e reaction products of dimer fatty

acids (such as PRIPCL 1017 and PRI POL 1048 (trade marks, ex Unigema)) and

pol yam nes). -%%Y( thtﬁuflescri bed in WR Ashcroft, Curing Agents for Epoxy

25 Resins, in B 2oy (ed.), Chem stry and Technol ogy of Epoxy Resins,

Bl acki e 10Academ ¢ and Professional, London, 1993, pp. 37-71. However, there

are a nunber eﬁgrob{)ems associ ated with existing epoxy resin curing
B3

agents. Low no 3R YHRPOYY ERSNSELe frBporiank ipgpstrialRiodiictss niedpegest e and

30 sonetines tvalinta ofaheseTruductsielused ForaRe BiACYoh B BedtAtidMbLr ity Hidgiopnt
flexibility. Polyam des, on the other hand, can have relatively | ow
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sol vents. For both éanvél’ r grsment al gﬁg ugg et yﬁyv%cggﬁsgr%& %%%E?g%“i@%m 2
15 provide a combination of corrosion resistance, water resistance, abrasion resistance

and solvent resistance.

Most epoxy resin coatings designed for ambient application employ polyfunctional
amines as the curing agent, either alone or in some cases in combination with other

20 curing agents. Several classes of amine curing agents are used commercially,
including low molecular weight diamines such as metaxylene diamine, isophorone
diamine, polyether diamines, and polyamides (usually the reaction products of dimer
fatty acids (such as PRIPOL 1017 and PRIPOL 1048 (trade marks, ex Unigema))
and polyamines). They are described in W.R. Ashcroft, Curing Agents for Epoxy

25 Resins, in B. Ellis (ed.), Chemistry and Technology of Epoxy Resins, Blackie
Academic and Professional, London, 1993, pp. 37-71.

However, there are a number of problems associated with existing epoxy resin
curing agents. Low molecular weight diamines for example are often volatile and

30 sometimes toxic, and may result in an epoxy resin having insufficient flexibility.

Polyamides, on the other hand, can have relatively low reactivity, particularly at
temperatures close to zero, and also generally have high viscosity which means that

they must be used with organic solvents. For both environmental and safety



reasons there is a general requirenent to reduce solvent levels in
coatings, including epoxy coatings. Thus, there is a need for inproved |ow
Vi scosi t ywousiosg92 agents for epoxy resins. 5 Restrictions Pan/RPo14s6E Of
solvents may require that |ow nol ecul ar2 wei ght epoxy resins be used in
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15 for improved adhesion, particularly on substrates such as cold-rolled steel (CRS).

Finally, there is a need for curing agents that can lead to epoxy coating
compositions with greater corrosion resistance, leading to coatings with longer life in
service.

20

Summary of the Invention

We have now surprisingly discovered an epoxy resin coating composition which

reduces or substantially overcomes at least one of the aforementioned problems.
25

Accordingly, the present invention provides a coating composition comprising an

epoxy resin and a curing agent comprising at least one trimer fatty triamine and/or
~ higher oligomeric amine.

30 The invention also provides an epoxy resin cured with a trimer fatty triamine and/or
higher oligomeric amine.

The invention further provides the use of a trimer fatty triamine and/or higher

oligomeric amine to cure an epoxy resin.



formed froma coating conposition conprising an epoxy resin and a curing
agent conprising at least one trinmer fatty triam ne and/or higher
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still further |
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(Marcel Dekker, 1988). Exanples include those epoxides disclosed in US
5, 599, 855 colunn 5 line 6 to 25 colum 6, line 20. The preferred pol yepoxy

conpounds ar e THeaningiby §I|Iﬂmhh@rt;5‘r6ﬁ|§eé)5 mefHoRIR Biiking cddiifg El?ﬁg
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and the epoxy 996!P<5'F'§e (i Bglvmﬂs'egéﬁév gcisdsiunderaressre i pietece w@ctiqn@gtwe
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upon the digl yéc?lﬁdyl et her %C'Ggﬁg%?q’ﬁr%%%d@%ﬂ%‘ %ﬁgabg ﬁ%gcul ar
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bi sphenol - r I_functional tly less. than
di f 3nct i onal gé(cegﬁs%g atq %ﬁ.@%g@g AL prg%tbga; '%8[3%@ rf%boe%feéﬁ‘t
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viscosity of V\(P 03/ 054092 PCT/ EPO2/ 14561 4
oligomeric amine

20 The epoxy resin is a polyepoxy compound containing more than one 1,2-epoxy
groups per molecule. Such epoxides are well known in the epoxy coating art and
are described in Y. Tanaka, "Synthesis and Characteristics of Epoxides”, in C. A.
May, ed., Epoxy Resins Chemistry and Technology (Marcel Dekker, 1988).
Examples include those epoxides disclosed in US 5,599,855 column 5, line 6 to

25 column 6, line 20. The preferred polyepoxy compounds are the diglycidyl ethers of
bisphenol-A, the advanced diglycidyl ethers of bisphenol-A, the diglycidy! ethers of
bisphenol-F, and the epoxy novolac resins.

Epoxy resins are available in a range of viscosities. The most commonly employed
30 epoxy resins are those based upon the diglycidy! ether of bisphenol-A (DGEBA),
and higher molecular weight oligomers prepared by the advancement of DGEBA
with additional bisphenol-A. Epoxy resins are generally difunctional or slightly less
than difunctional, and can be characterized By their epoxy equivalent weight (EEW).

Thus, bisphenol-A derived epoxy resin with an EEW of 180 g has a viscosity of



about 8500 nPa.s. Slightly increasing the EEWto 190 g increases the
viscosity to about 12,000 nPa.s. At an EEW of about 300 g, epoxy resins
parti al | yworoposabti ze at a fairly rapid rate to a sem - seCTdiPoamscabove an
EEW of about 400 g they are solids, and thus their viscosities cannot be
measured at roomtenperature. 5 In the fornulation of coatings, it is
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but yl phenol and ot her al kyl phenols, butanol, 2-ethylhexanol, and C8 to Cl4

al cohol s. The fa%%larr%s:%pe@(ewsm Unfortypatelynthe; m%W’éﬁ?QfﬁYQf bedidsry have an
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steel, the epdepieve gisnilale apelicatioryviseosidy.an EEWin the range from 450 to
550 g, nore preferably 470 to 530 g, particularly 490 to 510 g, and
especially 30 about 500 g. For coating onto concrete, the epoxy resins

pr ef er abldy havio l&du@h&iviscbﬁtg ofamj‘enfcomposmm ttbe 2pdikygesinonay qwmbeif edbwigh 184

Bg / ggg 082 gg}%& é'gclnoef%nc(t)lona]ﬂ epo%de a?ﬁis duchion Jnl sc%gl yurtnay or g(amV\%
enable the level of pigment in a formulation to be increased whilst 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,

20 propylene oxide, butylene oxide, and the glycidyl ethers of phenol, the cresols, tert-
butylphenol and other alkyl phenols, butanol, 2-ethylhexanol, and C8 to C14
alcohols.

The epoxy resins used in the present invention preferably have an EEW in the range
25 from 160 to 4000 g, more preferably 170 to 900 g, particularly 180 to 700 g, and
especially 184 to 500 g.

For coating onto steel, the epoxy resins preferably have an EEW in the range from
450 to 550 g, more preferably 470 to 530 g, particularly 490 to 510 g, and especially

30 about 500 g. For coating onto concrete, the epoxy resins preferably have an EEW
in the range from 180 to 250 g, more preferably 184 to 200 g, particularly 188 to
195 g, and especially about 190 g.



The trimer fatty triam ne curing agent used in the present invention is
preferably formed fromthe corresponding trinmer fatty acid. The terns
trimer fawoyw3msiod2and dinmer fatty acid are well known in tPlog/Emot/i45and ref er
to 5 the trinmerisation/dinerisation prepducts of nono- or pol yunsaturated
fatty acids and/or esters thereof. They are described T.E. Breuer, D ner
Aci ds', in J.|The times tttyitiamice dunng dienk ustdhinitie presgmtlioeatiomisqirefehbiy cal

Technol ogy, 3, .Vol. 8, pp. 223-237. They are
prepared by po Hﬁrﬁ%drﬁr%rwﬁ'l‘e ¥%{ﬁs§’°%n%£ﬂm%i ai“‘[!?ressu and then renoving
nost of the unreacted fatty acid starting 10 rraterlals by distillation. The
final product ysually contains nong fatty acid, nostly diner fatty
aci ds, and trlﬂtertef %/rV’eéé%sacﬁﬁﬂf‘r@@m?rfﬂt@Wé e well kgewe i ’E‘eﬁét end refgfitgs.
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fatty acids. The ratio of diner fatty acids to FI’IITEI’ S can be
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cor r espotdi ng materials bl afistiifationi d‘hamdalq:wbdllfwaéuaﬂiy dBritaing sbiheafibrid faity aéigndar d
chem cal 20 rreth rt, for exanple by reacting with ammonia

Kk
fol l owed by HYE¥ @d’gﬁg‘?f\,\@}ﬁa‘”%’ ad‘QéE’F‘Pb@HY ?ﬁdEP“%?,QIBQGIQ)Sler ohligemeria Pt gent

used in the prmtmewamahoﬁmaﬁafoah%eleeda?éd With r/érm%% |év%istéhﬁé au’ﬁ‘QPeH?fattgor
trimer) content ofﬂ_ﬁreater than 5% nore preferably in the range from to

90% 25 partiif%arng r&e qfélww‘@ttmmd%t@ﬁ@r@eaﬂaﬁy agids gan a@wmd g mgidlifying n
Cor di mop) " cory S MOEpinE LTS Snfif ireclrtafite) 30y Redhsfely Tt ke 67 01 "0
to 90% Parti cafihmay bQGSOﬂQSeCY(D%Ubahadtlalla'wei:ﬁoahIfmnsmetpmocﬂm%'rbgtumemghg

Furt her, the f S %% .
preferably i n ilg%r{gﬁqg% o fﬁ{;‘@%ﬁ%“g% § "’iﬁf’kﬁ"t’ y3 '?'6%5%) tﬂﬁﬁp%&y acid
especial ly 2. &n&nlmesmitbycmh@‘ﬂe ahpmemtofpﬁbdqcenmommndmg afmemehe. Al l
of the above % i.ght. val yes_ar t he tot aI wei ght of trimer,
di mer and mond ?faﬁitﬁaé"'ﬁ? 8@@89“9%?9%@ gq}%%“'ﬁﬁ@?ﬂy be grogugegSmyythe
PCT/ EPO2/ 1456 Icorresponding trimer fatty acid and optional dimer fatty acid by standard chemical

20 methods known in the art, for example by reacting with ammonia followed by

hydrogenation, as described in EP-530696-A.

The curing agent used in the present invention preferably has a trimer fatty triamine
(or trimer) content of greater than 5%, more preferably in the range from 10 to 90%,

25 particularly 30 to 70%, and especially 40 to 50% by weight. In addition, particularly
preferred curing agents have a dimer fatty diamine (or dimer) content of less than
95%, more preferably in the range from 10 to 90%, particularly 30 to 70%, and
especially 50 to 60% by weight. Further, the curing agent preferably comprises less
than 10%, more preferably in the range from 1 to 6%, particularly 2 to 4%, and

30 especially 2.5 to 3.5% by weight of mono fatty monoamine (or monomer). All of the
above % by weight values are based on the total weight of trimer, dimer and

monomer amine present in the curing agent.



6 Preferred trimer fatty triamnes are trinmers of ClO to C30, nore
preferably Cl2 to C24, particularly Cl4 to C22, and especially C18 al kyl
chai ns. TWog3/opreferred triner fatty triamnes contain i eCriEpoz/a4sge from
30 to 90, nore preferably 36 to 72, pargicularly 42 to 66, and especially
54 carbon atons. The nol ecul ar wei ght (weight average) of 5 the triner

fatty triani nePreferretefiraemiatty triamitdseare airgers fof Gt T, hivrd pRoferaBl @,go%g[) i’ibl y
ui tabl e

790 to 910, partjcularly 810 tq 890, and especially 830 to 870.
trimer fatty t%"éq‘r'rarﬁ@éatp&];pra@g@rs%?ﬂ'i}'y@ev?'W&W'P&#W% PERfRITethirimer fatty
equi val ents  afiamines cbiitaliih Uedah@idin e 08 Abrebrelefatily b6lto 13, RaKRLENRCT O
linolenic acid, palmtoleic 10 acid, and elaidic acid, and p rtlcuf rly of
ol ei ¢ acid. THE /66naRd especially b4 sarope atoms, Hiegpolseularansighidweigbhavenage) of
trimerisation QG ; ; : f [ ] r tned in
t he hydr gl ysi stH%f natfﬁtpg‘lfnawa}? sfygflegé%%’l?gr?g]grgﬁé%?&gﬁ? F%g/ée(? nﬁ? ,ppés?%r%b&an
oil, olive 0i190 tp &6 gemsticutsirly, 8100 890 smd @spedialyr880ttalslr0.0i | . Hydr ogenat ed,
for exanple by wusing a nickel catalyst, trinmer fatty acids may al so be
enpl oyed to produce the 15 corresponding trimer fattty triam nes.

Sinilarly, theSutabledrimer ittyertaniinds are rerdiabEdefived %mg@r@blaynndﬁéduwbrﬁg om
the dinerisatipon Q[Odgﬁ%iis of the ma]t,eri als nmentioned in the above

par agr aph, and'hing rirperisatien produgts et Pleicacidolinpleis agidglinalfsiicadid. drRERiIlIRIG C12 to

C24, parfoi cul aidid/ ahd éldidic 561, andBArtdiaRs BESER!doH. G sy tatty himifes HRYS. the
dimer fatty diam nes preferably contain in the range from 20 to 60, nore
preferably 24 3% bggderygdfiopthg timeration prpgucts o thesneatusatey fatty@cigamixtunes

atoms. The mol e inthé Aol Y€ bEUtAY BEAGR o] e.gpgfr%ﬁgw%rg@? LgodLamnne s

preferably in the range from nmore pr
particul arly digeoi.gapasged gilccottopsaedaiillapd 380oit dHyERdgenated| for eramplaibydi ment
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(hereinafter bot eferre 0 "as oli“gofneri ng
productitdn of domesparidirng trimenfatthetriaminesr fatty acid and/or diner fatty acid
and/or nono fatty acid. Such oligomeric am nes can al so be used as a
curing agent for 30 epoxy resins according to the present invention, either

al one (by i solSimilay, theooptiohs! diraei fagy diammidse pretéldblly delivddréh g 1N
conbi nati on W}fﬁ% trimer fatty triamnes and/or dinmer fatty di am nes and/or
mono fatty norfdBRRTSAIGN Pgductsiof srerteralg merdignegd ia the above paragraph, and are

preferably dimers of C,, to C,,, more preferably C,, to C,,, particularly C,,to C,,, and

20 especially C,; alkyl chains. Thus, the dimer fatty diamines preferably contain in the
range from 20 to 60, more preferably 24 to 48, particularly 28 to 44, and especially
36 carbon atoms. The molecular weight (weight average) of the dimer fatty diamine
is preferably in the range from 450 to 690, more preferably 500 to 640, particularly
530 to 610, and especially 550 to 590.

25
In one embodiment of the present invention, tetramer fatty tetraamines and higher
oligomers (hereinafter both referred to as oligomeric amines) are formed during
production of the amine from the trimer fatty acid and/or dimer fatty acid and/or
mono fatty acid. Such oligomeric amines can also be used as a curing agent for
30 epoxy resins according to the present invention, either alone (by isolating from the

amine reaction product mixture) or in combination with trimer fatty triamines and/or
dimer fatty diamines and/or mono fatty monoamines. The oligomeric amines are
preferably oligomers, containing 4 or more units, of C, to Cs,, more preferably C,, to

C.., particularly C,,to C,,, and especially C,, alkyl chains. The molecular weight



preferably oligoners, containing 4 or nore units, of &0 to C30, nore
preferably Cl2 to C24, particularly Ct4 to C22, and especially d,, alkyl
chai ns. TWe mwbseul ar wei ght WO 03/ 054092 PCT/ EP02/ 14561 PCT(RPO2/a561
average) of the oligoneric amine is suittably greater than 1,000, preferably
in the range from1,200 to 1,800, nore preferably 1,300 to 1, 700,

particul arly iweiglt average) 6bbe mmnermmnahsl suntﬁbltgr@aeatt@r tﬂ:ar55©005pr$féﬁatﬂylfnl ng

Soo more. pr ot ARy Bt b2l G o RN Ay oo oo RANBARRCT DY I 14 1o

20% by wei ght1,600, arhd gspeelallg 1400 6e$,550hen the ol i gomeric anmine is present
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reacting a preaAiculafy40%o Yo%, Wédbﬁcné%ﬁm td%d%' bV%ﬁHh‘t'nﬁﬁ bﬂﬂ@lab?\%)%ybf esins

or difunctional epoxy resins (havi n?a excess am™he hydrogen pritor to
m xi ng al | of Weight valdgg arerRased 6@81&1‘@ | wgigiht of Cﬁlgam@brimmw andedimecamive! | known
to those skil bedehfinth€cdmgident. @Nd is generally referred to as adduction.
Particul arly useful epoxy resins for adduction include the diglyci dyI

et hers 3O blsphenol A, the advanced diglycidyl ethers of bisphenol-A the

6 o191 5 e ORISR BN SRy

resins at stoichiometeric ratios of amine hydrogen to epoxy groups, suitably in the
molar ratio range from 0.25 to 4:1, preferably 0.5 to 2:1, more preferably 0.8 to 1.2:1,
particularly 0.9 to 1.1:1, and especially about 1:1.

20
The compatibility of the epoxy resin coating composition may be improved by
reacting a proportion of the curing agent with monofunctional epoxy resins or
difunctional epoxy resins (having excess of amine hydrogen), prior to mixing all of
the reactants tdgether. This is a common practice well known to those skilled in the

25 art, and is generally referred to as adduction. Particularly useful epoxy resins for
adduction include the diglycidy! ethers of bisphenol-A, the advanced diglycidyl
ethers of bisphenol-A, the diglycidyl ethers of bisphenol-F, styrene oxide,
cyclohexene oxide, and the glycidyl ethers of phenol and other alkyl phenols.

30 An advantage of a coating composition according to the present invention is that
relatively low viscosities can be achieved at relatively high solids content (combined
amount of epoxy resin and curing agent), ie at low solvent content. Thus, a coating
composition having a viscosity of 40 mPa.s at 23°C can be achieved which has a

solids content of greater than 35%, more preferably in the range from 40 to 70%,



30 An advantage of a coating conposition according to the present invention
Is that relatively |Iow viscosities can be achieved at relatively high

sol i ds cowDants4oepnbi ned anount of epoxy resin and curi n@cageor/)456i e at

| ow sol vent content. Thus, a coating cgnposition having a viscosity of 40
mPa.s at 23C can be achi eved which has a solids content of greater than
35% nore pref partitilgry 46 torG0%, and @spedatly B0 tb G5706¢ wdiGhiHs084A¥E total weight

PCT/ EPO2/ 14561 ftﬁ gartiCﬁJI ar‘g{. .4? to 60% and especially 50 to 55% by

wei ght based off TR&ECTEPY '°’1Ae"éﬂ?'y' 8f°°??ﬂ§%%?ﬁﬁ§§'i iNgMing & viacPsify §f 40dnRa &t i ng
conposi ti on hast 283CxamibeceRleled whick Basi®8oRenttdondtofiass an 8s%, el Whi ch
has a solvent content of |ess than 65% nore preferably in the range from

30 to 60% par PreIRRlY fithgsangs feam30 1,60% sparticuanyAte 56%. Bndespesalivbdnt

based on g he tg4%!byWelighibaSéd 65"@3@&599&9/&' A'the J&gﬁ?&@ﬁh' e cBIRPS! ti on

suitably has a solids content value in % by wel ased on t ot al

wei ght of the eWnpRstion syitakly hag @ aelisis content valee in % bysveight basedeor thertial s at
23C of the cogti | Ldon, f hy. ar.eat er .t han 4 e

2 o'y 1 o RGOSR o BRSO s AR B e
especi al |y 12 caating compositior] @referablg by gregtercthan demorOgrbiengbl\ bIhe Fdrige Fidm

according to t esent.invention has a. viscosity.in the range from40 to
50 nPa.s at 23%?0 g@d’%‘f‘%’l‘a&y&ﬁIt?/b(ﬁe?snlaa?sg‘a‘l:'?'g's"sz @&ﬁt%ﬁ?' in the range from 35
to 70% more preferably 45 to 65% and particularly 50 to 60% by wei ght

based on the tpotal wei%ht f the conposition. 15 A particular advantage is
that the above"df56f 8 PFEETedrRAIAg 6PMReTIQRsaceArfing o\ tae presentrinvention has ae

achi eved for afis@Rfyih thesanhelirnm BOtso FPY/d & JPe Jrﬁlrtgé’fefe{et)il}gﬁa%@sélﬂs 500 g.

20 The above preferred solids and sol vent ranges are re nt to coating
conposi tions SMIteM irthetrange frem Bbdo §0%nmore piiefgrably 4pite6Etet andparticuldrly Shi ch

are normal l'y i g Bl Yei ' | ! i ude chal k, and
clay, and sui taﬁ%ﬁlp}lgﬁgﬁ?g&%ﬁﬁnﬁﬁ%%@ﬁ lﬁogrﬂaecﬁ(éﬁofggﬁ'i um di oxi de and
iron oxite. If the coating conposition does -contain significant anounts of
fillers and/or,pi 5. 1o 30% 25 ight ip total based
on t he vl gt SP°FIRERE By Ripe T ARBLR 280 Brore thusss Hraefds and'sonent

content can be achieved for an epoxy resin having an EEW in the range from 450 to

500 g.

20 The above preferred solids and solvent ranges are relevant to coating compositions
which contain little or no filler or pigment material, which are normally inorganic
materials. Suitable fillers include chalk, and clay, and suitable pigments include
carbon black, titanium dioxide and iron oxide. If the coating composition does
contain significant amounts of fillers and/or pigments, for example 25 to 30% by

25 weight in total based on the weight of the coating composition, then additional

solvent will normally have to be added to achieve the desired viscosity.

In some circumstances it may be advantageous to incorporate so-called
accelerators in coating compositions according to the present invention. Such

30 accelerators are described in H. Lee and K. Neville, Handbook of Epoxy Resins,
McGraw-Hill, New York, 1967. Suitable accelerators include various organic acids,
alcohols, phenols, tertiary amines, hydroxylamines, and the like. Particularly useful
accelerators include benzyl alcohol, phenol, alkyl substituted phenols such as

nonylphenol, octylphenol, t-butylphenol, cresol and the like, bisphenol-A, salicylic



solvent will normally have to be added to achieve the desired viscosity. In
some circunstances it may be advantageous to incorporate so-called

accel er atwopasiopognat i ng conpositions according to the pre®PEmEPORVASAL | ON.
Such 30 accelerators are described in ¢ Lee and K Neville, Hanplbook of
Epoxy Resins, McGawH Il, New York, 1967. Suitable accelerators include
various or gani @Citb.ciimsthyiamilmﬁﬁih)dphqmeb(stimetrgraTrmmmetammaol Bydlr oxyl am nes,

R N i e S T e
t - but yl phenol , 1@%@$tdssa>lasled orethel tel whightdTemObpdy résth | 44l hére LR/ A RAVRR2
PCT/ EPO2/ 14561 di met hyl am nonet hyl phenol ,

bi s(di et hyl ar‘r?ﬂ?ﬁ?gtf'ﬂ I5)/°phenol and tris(dinet hyI am nonet hyl ) phenol .

Normal | y,5 such accel erators are used at |levels of 10% or |ess based on the
total weight of the epoxy resin, and nore usually at |levels of less than
5% 5 Plasti ciZ@piciapsy mah fsothe ineRBerBRdARte CoRting CartRasitiogs obipesesentns of

the present |ﬂV§ﬂfoh°ﬁ'hlsT§'Pérg?@laﬁkﬂﬁééfﬁﬁer &qslt% whH %tﬂe%b%%i?eea?f\&vﬂer g in the

h
absence of such a plastic ass transitiont & aTg, of -
t he conpositi owlasﬂqmr fthe glas$ ;ransabonetenhsertamgeam)loente doenpesitioh Yigaificlrafyor e t he

d f tQ e certain re |rerrents such as
Sl vent “and. oresola BECERAE o edRfle SRide Ciqhure hrebRE Mstesantinaeda.
Such pl atti ci zesrirareguirehéntk Bostnas soltemoacd alkémlbﬁldeslﬁtahwancﬁfehsﬂeaéﬁéngﬁar e

F..Cad d_C. J. How "Pl astici zers' in J.
oot 1z " edias DR AT aY AR S U IEIE: are Wl KomBia ot Sty artaend Ed.

Wl ey, New Yore db8&fbed iVO.F. Cé@o%a‘h%nd%’@?%%k Wéénbiﬁé'rlsa JI 1. W&cHbitz, ed.,

plasticizers |nclude benzyl alc 15 non eno various esters of

pht hal i ¢ aci d. Kt @?'@“%F'S@?q'%ﬁz@ﬂ%m?@d' eéaniQQmﬂth Bd.bWilendevp¥erkt €896, n

the same packagd. 8 gpl25&POKYPAGELIENY Gl tha?er 'SR Ad3nbine curing
agent. Protective or decorative Goatings prepared Iroma eorposttion

accordi ntf t o tenyiRhepelearthyarions estersoof p(t\t;hallbeuﬁofr e leatee dlagtiditerawoulde vari ety

t of coati.n
ormi'at i on, i Ty B8 eByroBared W8 sflh £aBaass S POty Brinie FiEhe: oi ng
agents, rheol o@@ctlmrdmth thescurubmagmn.ropes, flow and | eveling

Protective or decorative coatings prepared from a composition according to the

20 present invention can be formulated with a wide variety of ingredients well known to
those skilled in the art of coating formulation, including solvents, fillers, pigments,
pigment dispersing agents, rheology modifiers, thixotropes, flow and leveling
aids, defoamers, etc. Mixtures of solvents will frequently be chosen so as to give the
best evaporation rate profile for the system whilst maintaining solubility of the binder

25 components. Suitable solvents include aromatics, aliphatics, esters, ketones,
ethers, alcohols, glycols, glycol ethers, and the like. Particularly useful in the
formulation are ketones, such as acetone, methyl ethyl ketone, methyl isoamyl
ketone, methyl propyl ketone, methyl amyl ketone, diacetone alcohol and the like,
which can be used to improve pot life with little or no sacrifice in drying speed. If

30 ester solvents are included in the formulation, it is usually necessary to formulate

them in the package containing the epoxy resin, so as to minimize their reaction with
the curing agent.



ai ds, defoamers, etc. Mxtures of solvents will frequently be chosen so as
to give the best evaporation rate profile for the system whil st

mai nt ai niwg :sob4b2 | ity of the binder 25 conponents. Suit @aira&prepiasent s

i nclude aromatics, aliphatics, esters, kgtones, ethers, alcohols, glycols,
gl ycol ethers, and the like. Particularly useful in the fornulation are
ket ones, such @eatingetompesitions bithe ptesght ikedrtior camBé Rppliddyamy nunteet ene,

met hyl propyl {ég@g‘)neé .ma't h6| arryl keitbo&f, di.acet one al cohol and the |ike,
whi ch can be uSSYMIES REPA0SSHEY: bristh rller pantiftcansy the fkes SNymerose i n dryi ng
speed. |f 30 esubstratslaresiitabhy for gpitatiacbricBatiye offﬂ{imbé\%tioﬂr\}vithicg}ro'e? usual l'y
necessary to forpulate themin the package containing the ep xfresi n, so

as to nini m zeSHTRSEPIeRARNUANORS ifival undaesteagyin fg arheblch snbstiates Bubele, but
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applied by any nunber of tec ues 1 ncludin rol’l'er’,” “pai nt
mtt, and the ¢QMeEEteNunerous substrates are suitable for application of
coatings of this invention with proper surface preparation, as is well
understood in the art. Such substrates include, but 5 are not limted to,
many types of Tiet edating@ompositiansl are phrtiellady suitiblenfonuss ass piakd caating 6ANCT et e.
The coati ng corr@}o?i{ionshare artical Fr‘y suitable for use as a priner
coating on subSPIAEESUEN AR CYLTE R Steg! A freferned coaling pppvareead layshia by or

over coat 10 ayer used dretop bPa preér ecﬁlath?ﬂby@ff aécdPdihg®S the prédendinbéidh cB5elofitd!d to
the present inyention coated onto. |2 concrete, is an epoxy coatlng |ayer,

di fferent frontt9pRCISe.I2AN PR COa ¥eragifforent tspmithe prirger lyarepreferalily h as
stone chips; agshirsin JcH i e resin
coati ng | ayer o o e P TR AR ST 51
anbi ent t enper RRIHrethang frfimepating yembout 0 to about 50C, with tenperatures
of 10 to 40C being preferred. If desired, these coatings can also be force
cured at tenperatures up to 100C or greater. 20 The invention is

i lustrat®ed byCo#tingsof thisinwentioocah beappliegl andacgpddest. ambixang@ihpsratures ranging

Stoi chiomet 1 cqafuBhey &fabBFBRE W lomdfEL % GoR bR iRy Srafeid. ROSNT S
desired, these coatings can also be force cured at temperatures up to 100°C or
greater.

20 The invention is illustrated by the following non-limiting examples.

Examples

Stoichiometric amounts of commercially available polyamide curing agents

25 (Comparative Examples A and B), and a curing agent composition (derived from a
60/40% by weight dimer/trimer fatty acid mixture obtained from oleic acid feedstock)
(Example C) comprising 29% by weight of trimer fatty triamine, 54% by weight of
dimer fatty diamine, and 17% by weight of oligomeric amine (molecular weight (weight
average) of 1,500 (determined by high temperature gas chromatography using an

30 Agilent 6890, Ultimetal Simdist column (length 5 m, i.d 0.53 mm, Df = 0.17 Hm) at an
oven temperature of 60°C (hold 1 min), rate 1:30°C/min>150°C, rate 2:12°C/min>
380°C (hold 10 minutes))), and EPIKOTE 1001 (bisphenol-A type epoxy resin (ex,
Resolution)) having an EEW of 480 g (measured according to ASTM D 1652-67) were
mixed together. The EPIKOTE 1001 was diluted with solvent (Component 1) prior to



25 (Conparative Exanples A and B), and a curing agent conposition (derived
froma 60/40% by weight diner/trinmer fatty acid m xture obtained from

ol ei ¢ aciwofiepsi®dnck) (Exanple C) conprising 29% by wei gieCcTafPor/iid4saer fatty
triam ne, 54% by wei ght of diner fattyjdi am ne, and 17% by wei ght of

ol i goneric am ne (nol ecul ar wei ght (weight average) of 1,500 (determ ned
by hi gh t enpembdngrvathothe catingoagent.g Thg tigcasity Botha mixidre’\§hd rRstucéBRQ0-44 t i net al
Si mdi st col urmpél ength 5 r’raﬁ# §LCO.53 %@@ = 0.17 pm at an oven

t enperature. of' 6@%[“8?&"? £3°C 93 Bropkhigleviscormaten By adding the resgred n>  380C
(hol'd 10 mi nu&ment bf a 8olermtmIdHATdF al8tPdo (viR) ARSRAHIIx et REtGRBOXY resin (ex,
Resol ution)) having an EEWof 480 g (neasured according to ASTM D 1652-67)
were m xed together. The EPI KOTE 1001 was diluted with solvent (Conponent
1) prior §0 WrHdpsrh992 PCT/ EP02/ 14561 11 mixing with the curing agent.
The viscosity o € mxture was reduced to 40-50 nPa.s, as neasured at
23C on a Brookfield visconeter, by addi ng thRantshynveigdt anount of a sol vent

bl end of a 50/ - m xt ure.,,o0 Conponent 1 Parts by
wei ght EPI KOT%‘*'MEVMQ%%%W%%A@ 1ooe‘>%9| ene 51 Methyl isobutyl
ket one (M BK) Xyle® 10 Exanpl e Curing agent Parts Parts by no. by Weight
Formul ated cl egt er i | vent Viscosity Solids Pot |life (nPa.s
at 230 (% (d@?@ﬂ&%‘\%#\éﬁﬁg%I%S-type 44 5034% 37 3 ( Conpar pol yam de
(TO%in ®wtive) xylene) B Versam de 125-type 54 37.5 50 46 3 (Conpar

pol yam de

Example Curing agent Parts Parts by
no. by Weight Formulated clear laquer
Weight solvent
Viscosity Solids Pot life
(mPa.s at 23°C) (%) (days)
A Versamide 115-type 44 50 - 45 37 3
(Compar polyamide (70% in
ative) xylene)
B Versamide 125-type 54 375 50 46 3
(Compar polyamide '
ative)
Cc Trimer fatty 42 - 42 53 >3
triamine/Oligomeric amine

The films were coated onto glass and metal by using a Meyer bar, dried overnight at
15 23°C, 50% relative humidity, and the following tests performed;

(i) hardness (according to ASTM D 4366),

(ii) gloss (according to ASTM D 523),

(iii) indirect impact (ASTM D 2794), and

(iv) drying time (using a drying recorder from Byk-Gardner).
20



alive) C Trinmer fatty 42 - 42 53 >3 triamne/digoneric amne The filns
were coated onto glass and netal by using a Meyer bar, dried overnight at
15 23C, 50%msebabi ve hum dity, and the follow ng tests perCarepezi1456i )
hardness (according to ASTM D 4366), (4d) gl oss (according to ASTM D 523),
(iii) indirect inpact (ASTM D 2794), and (iv) drying tinme (using a drying
recorder frorfix@yde- Gardner). 20 WO 03150b¥@&2h g¥isd/ EPQ 2750 éhbwet on rdetal Exanpl e 150
pm wet on gl asse.150 pm wet on netlal no. Konig hardress d oss Koni g | npact
(s) 2001600 Tardmess (T Tect) [(@RFeatd )65 (Hoseirstsdn de
115-type 89 123/124 96 >200 (Conp) pq%)yam de %G?%I r;la@/i 5‘ 3@ Ver sam de
125-type 74| 78/ 100 |145 >200 (Conp) polyam de rime st 5" 168/ 145 160
>200 trianine/didoneric anine |Exanple nol ‘¥f5rHYy e((:sbrdnt‘K"TB" m wet
(hours) Stage @ Stdge VE-8'9fa5PeSt age 8 St afe 2712 Ver S&ni de>2.99_5-type )
3'h-4 5-6 78 |( Copgypmidgef8einijde (70% i n|xyl ene)

xylene)
B Versamide 125-type 74 78/100 145 >200
(Comp) polyamide
c Trimer fatty 99 168/145 160 >200
triamine/Oligomeric
amine
Example no. Drying recorder 76 um wet
(hours)
Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
A Versamide 115-type % 3%4 56 7-8 >12
(Comp) polyamide (70% in
xylene)
B Versamide 125-type ¥e-1 4 6-7 8%-9 >12
(Comp) polyamide
Cc Trimer fatty Ya 12 2%-3 5 10-11
triamine/Oligomeric amine '
5 Stage 0: leveling, Stage 1: basic trace, Stage 2: film building, Stage 3: Surface trace, Stage 4: Dry

The above examples illustrate the improved properties of a coating composition
according to the present invention.
10

15



B Versam de 125-type '/.-1 4 6-7 8Y2-9 >12 (Conp) polyamde C Triner fatty
'/2 1-2 2'/z-3 5 10-11 triamne/digoneric amne 5 Stage 0: |eveling,
Stage 1: wedBos40pace, Stage 2: filmbuilding, Stage 3: SurCamrori#ee, Stage
4. Dry The above exanples illustrate ttge inproved properties of a coating
conposition according to the present invention. 10 15 WO 03/054092
PCT/ EP02/ 14561CLAMS CLAIMS 1. A coating conposition comprising an epoxy
resin and a curing agent conprising at |least one triner fatty triam ne
and/ or higher oligoneric amne. 5 2. A conposition according to claim1
wherei n the epbxyA cealing chanpositior pamprisingian pdxg mésinvand bicufing bient compasihg om
160 to 4000 g. A CO si.tlan according.to either. one of clains 1 and 2
wherei n the tr?tfrreearStPrg yer{%{yﬁf'f'@fﬂer?é‘%(oég'égthﬁF&nge&Faﬁl’ﬂ?'to C30 al kyl
chains. & A conposition according to any one of the preceding clains
wherein the oligpneric amne is an oligoner, conprising 4 or nore units,
of X0 to C30 4l KyPOmpesiigneacceiding toglaing rein dhe BRAYMEFIAHas 8n gR9XYone of
the preceding ejuNaignt WeRhEinthd Rhgh Yok 850 BUMI0D gaddi ti onal I'y conprises a
dimer fatty diamne. 6. A conposition according to any one of the preceding
clainms wherein the curing 20 agent conprises in the range from30 to 70%
by wei ght of t4i : =Ty : 9 i pmer fatt
di am ne, and 13't gﬁ %8/'? gé/élt\/}%enlt%%Wé@%ﬁgeﬁﬁ}etojgﬁ%rﬁ%é‘%ﬂg%Eu/heg?lmf eaglglfrﬁqjityt he
total welQht offiaminerisa trirdémefIC atodCgalkpiabiainani ne present in the curing
agent. 25 7. A conposition according to any one of clainms 1 to 5 wherein
the curing agent

4. A composition according to any one of the preceding claims wherein the

oligomeric amine is an oligomer, comprising 4 or more units, of C,, to Cy, alkyl
chains.

15
5. A composition according to any one of the preceding claims wherein the curing

agent additionally comprises a dimer fatty diamine.

6. A composition according to any one of the preceding claims wherein the curing
20 agent comprises in the range from 30 to 70% by weight of trimer fatty triamine, 30 to
70% by weight dimer fatty diamine, and 1 to 6% by weight of mono fatty monoamine

all based on the total weight of trimer, dimer and monomer amine present in the

1

curing agent.

25 7. A composition according to any one of claims 1 to 5 wherein the curing agent
comprises in the range from 5 to 35% by weight of oligomeric amine, 15 to 55% by
weight of trimer fatty triamine, and 25 to 80% by weight of dimer fatty diamine, all
based on the total weight of oligomeric, trimer, and dimer amine present in the
curing agent.

30

8. An epoxy resin cured with a trimer fatty triamine and/or higher oligomeric amine.

9. The use of a trimer fatty triamine and/or higher oligomeric amine to cure an

epoxy resin.



conprises in the range from5 to 35% by wei ght of oligoneric amne, 15 to
55% by weight of triner fatty triamne, and 25 to 80% by wei ght of diner
fatty di awomejsabt based on the total weight of oligoneripcr/EPoz/mss] and

di mer am ne present in the curing agenig 30 8. An epoxy resin cured with a
trimer fatty triam ne and/or higher oligoneric amne. 9. The use of a
trimer fatty triam ne and/or higher oligoneric amne to cure an epoxy

resin. WO 03/ 0540 456 crefe supstrate coated with
(i) a priner I@yé{?g?#gt/ Eﬁpg{r 50%8‘$¥Ahé9a88%6@?’?5 OAMeHHBMAF"%n epoxy
resin and a cuompsitigecdmerising asep&y&bgh%a&fa dURRg abémtreéhpfr@ihélét lehtaomene
and/ or hi gher Q| :e?%gerl an additional epox resin

coating |ayer, " P’é’l‘ﬁm‘f’?éﬁgff)ﬁg'gb?ﬁ %?mﬁwemmeoﬁw dihan P?d'g@?ﬁbﬁp@i)’ng
filler. sll. AeSiheehtirgiBpér éfff@re@'nt)ﬁérﬁq’hé"brﬁrh‘er(Ié))er‘?'opgfo'ng@)l'J n?PfErn ffﬂ?%rmad froma

coating conposition conprising an epoxy resin an
conprising at least one trinmer fatty triam ne and/or hi gher oI i goneric

ami e, and (1141 o0 09R! oBloNinT B8 imdl ot Y B! BaB pe! 1 coating

| ayer. 12. A net ho a coa Ion -conprr si ngg( i)
pol ymeri sing fmg@SItlamCdmpusld@an ppegsesis and apuuudglagera coameiting At lkeastianee

aci 8, (11 congmef e vlfhfi 28R flgnd TBheAt ey Do nbbnal loed fl ur o

producedid n (i9r polyussthare nesin cdating kayér) m xi ng at | east one of the am nes
produced in (ii) with an epoxy resin, with the proviso that at |east one
of the amnes is a trinmer fatty triamne or a higher oligoneric amne. 20

25 30 12. A method of making a coating composition comprising (i) polymerising fatty
acids under pressure to produce a reaction mixture comprising mono fatty acid
and/or dimer fatty acid and/or trimer fatty acid, (i) converting at least one of the

15 acids in the reaction mixture produced in (i) to an amine, and (iii) mixing at least one
of the amines produced in (ii) with an epoxy resin, with the proviso that at least one

of the amines is a trimer fatty triamine or a higher oligomeric amine.

20

25

30



