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+present invention relates to an epoxy resin coating conposition, and in

S part«d cular to such a conposition conprising a curing agent conprising a
trimer fatty triam ne and/or higher 1oligoneric am ne. Background 10

Coati ngs based on epoxy resins are inportant industrial products. The

| argest vol une of these prodCoating Conyrasitien t he protecti on 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 conHidid efilhvehtiony resin coatings 15 provide a conbi nati on of
corrosion resistance, water resistance, abrasion resistance and sol vent
resi stance. Mbst epoxy resin coatings designed for ambient application

enpl oys pol yfl'Hélptdseﬁﬁhverﬁﬁm redstea $o & epoxyrresig caatingt congiostion, aridone or in sone
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curing agenPgmﬁ‘?l@r@ssé' 88&9?8P§'f‘%’f g‘g}%grﬁﬁlqﬁg?ﬁ%eq%gqeﬁ?{ﬁ@s&?ﬁcéﬁﬁa% ﬁ’% am ne

di ami nes sugtamise amd/eehigieneligorasfic@minesophor one  di ami ne, pol yet her

di am nes, and pol yam des (usually the reaction products of dinmer fatty
acids (such as PRIPCL 1017 and PRI POL 1048 (trade marks, ex Unigema)) and
pol yam nes)BaIk@ouaae described in WR. Ashcroft, Curing Agents 25 for
Epoxy Resins, in B. Ellis (ed.), Chem stry and Technol ogy of Epoxy Resins,
Bl ackl® Acadenic and Professional, London, 1993, pp. 37-71. However, there

are ? nurLrbeCoatlfng@rblabé@aﬁ epﬁmgsm arb w%drtaﬂmhau‘uétr:m pmmmsf (M@ largesiur i ng
agents. Low ecyl ar wei I a or. exa are .o t vol ati | d 30
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nave hi gh’ vPEBBSORING RIS PEREERERER ot e adtei e St o
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requi r enent é) reduce.solvent levels in coatings, UQ 51017 0 4 MAY 2005
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 fow 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. Ashcrofi, Curing Agents

25 for Epoxy 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 flexibitity.

Polyamides, on the other hand, can have relatively low reactivity, particularly at
femperatures close to zero, and also generally have high viscosity which means that
they must be used with organic solvents. For both environmental and safety

- 35 reasons there is a general requirement to reduce solvent levels in coatings,
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2 i.ncl udigg ;3pEXy coatings. Thus, there is a need for inproved | o4 MAY 2003
viscosity curing agents for epoxy resins. Restrictions on the use of
solvents may require that |ow nol ecul ar wei ght epoxy resins be used in

pl ace of the preferred, higher nolecyl ar weight epoxy resins irrespective
of the viscosity of the curing agent enployed. The use of |ow nol ecul ar

wei ght  epoxyciidifig Bpoty oa8AGE STRURStHEFY isOnddder iniprovul Iowaiscogity clifing, t here
is a need for curing agents that reduce the drying tinme of epoxy coatings,
parti cul arI%gef‘F?d(QéeP?g?‘Xéﬂ“%n | i quid epoxy resins. 10 For good protection of
substrates, such as concrete and netal, it is necessary that the coating
mai ntai n good adhesion to the substrate, particul ar under t

condi t i ons.ReAkigtigns AR KR YI9R SPEniganaYy tpau GME%% %\Iaﬁgg'%ﬁgp%ere is
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af or ement i gRed BhR§lLieEpoxyResMescor di ngly, the present invention provides a
coating conposition conprising an epoxy resin and a curing agent
conpri®sing in the range from 14 to 20% by weight of tetraner fatty
E et rami nes @g@gga tghﬂ%g;&hgﬂ @_{]Bstﬁaﬁsz 5?&0@6&%&31?;&&6 oigtalpit ist rre'cﬁﬁat?f tﬁa}j y ]
riam ne, an .to 60% wWei .0 i mer i gm.one, . a ased on the
total 30 wdhgmpating ’F%’f‘?aéfhé?oq%&le?‘of‘é? ﬂ%ﬁ%@&g}inéa'ﬂf’@ﬁr Fundel Wehers, trimer
and di mer f@nHition&"WHAE epoREEItingdgdriteallyiave goad adhesidi) ¢thera@isestiltizon al so
provi des an epa

P o 0o el Bl SRR R g 1 1"

ol i gojger s, Zﬁzsgp 35% by weight of trimer fatty triamne, and 50 to 60% by
wei ght of LSQ 1017

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 in the range from 14 to 20% by weight of
tetramer fatty tetramines and higher oligomers, 25 to 35% by weight of trimer fatty
triamine, and 50 to 60% by weight of dimer faity diamine, all based on the total

30 weight of tetramer fatty tetramines and higher oligomers, trimer and dimer fatty

amines present in the curing agent.

The invention also provides an epoxy resin cured with a curing agent comprising in
the range from 14 to 20% by weight of tetramer fatty tetramines and higher
35 oligomers, 25 to 35% by weight of trimer fatty triamine, and 50 to 60% by weight of



- 3 04 MAUQ@AB 1di ner fatty diamne, all based on the total weight gof pay 2008
. tetramer fatty tetramnes and higher oligoners, triner and dimer fatty

. amnes present in the curing agent. The invention further provides the use
of a curing agent conprising in the gange 5 from 14 to 20% by wei ght of
tetramer fatty tetram nes and higher oligonmers, 25 to 35% by wei ght of
trimer fat tdimir fattyidizeningrall B8ed on dt/iotal weight bf tebramer fadly tetsarnipes andini ne, al |

based on the total weig f ] |gher

ol i goners, r\?'9'? 'gg'ﬁarsd{}'ﬁée? apé?ﬁ@ggjrgnﬁ%é@%e%e&sr%ltnﬁmgﬂgﬁgﬁ%? rgg agent to
cuLe an epoxy resin. 10 The invention further provides a concrete
substrate ated wit ' ' é%gl | onposi tion
conpri si ngcg'?]e '8?5%&&9“:}%@% pﬁg}@égﬁﬁ%y%ﬁé?@ggﬁ] Oh%érﬁgﬂiﬁn iiﬂﬁﬁ% E%g(réange from
14 g o) 528% biyormeldgt 0% byt vediglatrof tetfamenfattetetraminessandridghen oligamers) 2ytners, 25
to 35% by Lght of trj lag FE6h I ght of
di mer fatt\;/\g%"lgg*iv% ,hagf%zas%é}t}éﬁhﬁ?é%%g glt vvef’g&t&egqrﬁg g?@?ﬁe@%\gt '? y

tﬁt ram nes dianiine, ghbased dngbebotal, waightrof tetecamierdativetetramineg aadihigherpr esent in
the curing agent, .an i), '.'%na_!s resi | er,

di fferent f?'wﬁﬂeﬁ% trﬂplgrré.'rd Q'ngfe??@%c"ﬁ%'{'u ona?%%ﬁ%ﬁﬁ?ﬁgé]ﬁgé}?}t? Pg'}elégo The

i nvention fepddeesipr ovi des a steel substrate coated with (i) a primer |ayer
formag froma coating conposition conprising an epoxy resin and a curing

agent’™ conprising in the range from 14 to 20% by wei ght of tetranmer fatty
t et ram nes Tmsinvéntiphdurthar ippoidessy caBrete sgbstsatsy coatedywith §) aprimesfayeat t y

triam ne, d 5 60%,. ' L. anlne, d h
Lot al vl grienBe (RS spEbgin SomBhdFR el Bho EuREhaE cuflny apaRer DT T
alng gl ner f@dmprismlg indhe yangs éntn 14tat 205 by weight obigtramer taliy tetramingsabdidi t i onal
al kyd resin_. ret e ' ' . ' | i1
further pr g@)ﬁ’éﬂgﬁa&ﬁsﬁng@%?%a%ﬁ’%g&g%gg‘t“%ﬁé ctgrrﬁ;ﬂs%i’ th ﬁ%%@ﬁ%g%ﬁfsi ng (i)
pol ymer i si ngeibjht dfydiraer fdtty diaohine, pil based en the tplabweigbt of tefsamer falty i xt ure 30

- conpri sing no.f at i ] j Lo il
acid, (ii) 'S SH\VEPtaut"ﬁé’?giiegP@}g‘éé}%’n@h{éﬁﬁgﬁ%i@? §iRgs pRisohlih B clrtly ¥
produced i nadent, dnd (iran additional epoty (ésin poatingilayerdiffereaistora the BAMeéhe ani nes

produced i | i it esin, with the proviso that at |east one
of the am Elggeri, ép@n@ﬁk%&%ﬁﬁ@ef“ amne or a higher oligoneric am ne.

20 . The invention further provides a steel substrate coated with (i) a primer layer formed
from a coating composition comprising an epoxy resin and a curing agent
comprising in the range from 14 to 20% by weight of tetramer fatty tetramines and
higher oligomers, 25 to 35% by weight of trimer fatty triamine, and 50 to 60% by
weight of dimer fatty diamine, all based on the total weight of tetramer fatty

25 tetramines and higher oligomers, trimer and dimer fatty amines present in the curing
agent, and (i) an additional alkyd resin or polyurethane resin coating layer.

The invention still further provides a method of making a coating composition
comprising (i) polymerising fatty acids under pressure to produce a reaction mixture

30 comprising mono fatty acid and/or dimer faity acid and/or trimer fatty acid, (ii)
converting at least one of the acids in the reaction mixture produced in (i) to an
amine, and (ifi) 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 frimer fatty triamine or a
higher oligomeric amine.

35
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-~ containing nore than one 1, 2-epoxy groups per nolecule. Such epoxides °
. wel | known in the epoxy coating art and are described in Y. Tanaka,

© "Synthesis and Characteristics of Epexides", in C. A My, ed., Epoxy

Resins Chem stry and Technol ogy (Marcel Dekker, 1988). 5 Exanples include

t hose epoxiThesepdixg edsirsisch palydpBxp caragoubdcontdining m®re thanene tdepexyl um 6,

line 20. The preferred pol yepoxy c f
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resins are &4 % B'Bﬁ%%@‘sﬁ&hym ﬁmgé%wrttl sp heno -A (%(%EEX)
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E(é\b/l\l/ v?l igg mq:r:ghbl-k E%dva‘r&edﬁfyl;&;dybéthglsmﬁbiwhemm theidiglyeidy e\ﬂw$ Afwith an
o] as Sit 8500 nPa.s. Slightly i [ th

EEWto 190 tﬂsnhﬁe?@% 20815 g °6’8'%??é%'" about 12, 000 "Pa. 5. AL an EEWof

about 300 g, epoxy resins partlally crystallize at a fairly rapid rate to

o o o R AR AR o8k sl HIFHoR Sraibiigampid hue
f olr glétftg |r ) \rﬁep:mﬁy cemtsloarg sr;o:Seltbased ipenytherdiglycidyd ether agbaMEmbAéﬁﬁEBﬁ) hi gher
(known 1 n Vs FARQ A Sheld pldord bropapSe py e cifnécmiitof Sefee 000 2
dr ?2125 : gfl |with stizlitiopablsispHiencbAy Epgxyt iesips afe gmraﬂ)adiiungtiorﬁtmﬁligh&iﬁés hi gher
o moe « Wi R S e Sl gl S e B eESp] oL
hi gh 1;5i ﬁlcoﬁﬂ-ltug, bu‘éphdrml-hlc?lneed epmiyaesih wrthwmﬁﬁW of 180 g hag i viscopiboefi res t he
o ol OB a3 S{ERly bfisBigng oW Enarealtd sllRcaig oot on
resin may thbomibm boechPars.t At an BBV ofabouf 30fogicpony tasinsaiartinghy xrystallizeiat s
reduction i nfaYr‘ySr(égl ral?é to aYSen];l%ohd and above an EEW of about 400 g they are solids,
and thus their viscosities cannot be measured at room temperature.
20
in the formulation of coatings, it is frequently advantageous to employ higher
molecular weight epoxy resins, such as those with an EEW of 450 to 500 g (known
in the industry as '1 type' resins). High molecular weight resins dramaticalty
decrease the drying time of the coating. Furthermore, higher molecular weight-
26 epoxy resins yield more flexible and impact resistant coatings than do lower
molecular weight epoxy resins. Unfortunately, the high viscosity of the higher
molecular weight epoxy resins requires the use of high levels of solvent in order to

achieve a suitable application viscosity.

30 To reduce the viscosily of a given composition, the epoxy resin may be modified
with a portion of monofunctional epoxide. This reduction in viscosity may, for
example, 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,

35 ethylene oxide, propylene oxide, butylene oxide, and the glycidyl ethers of phenol,



. exanpl e, @oedberthe | evel of pignent in a fornulation to be increasd MaY 2605
~whilst still allowng easy application, or to allow the use of a higher
~nmol ecul ar wei ght epoxy resin. Exanples of useful nonoepoxides include

- styrene oxi de, cycl ohexene oxi de, 35sethyl ene oxide, propyl ene oxide,

butyl ene oxide, and the glycidyl ethers of phenol, UQ 51017 0 4 MAY 2006 5
t he cresol sthetcpsdold) tricbutipheniol and othieh atkylgiHenbls pindandl s2-ethythexranal, and

2- et hyhexanéh gng Cg to Cl4 al cohols. The epoxy resins used in the

present i nveRt9 544 BIc8R¥Panl y have an EEWin the 5 range from 160 to 4000 g,
nore preferably 170 to 900 g, particularly 180 to 700 g, and especially

184 to 500 g. For coatin nto steel.,. t i f tahly have an
£ i n the TomEeweae ke SisSGneinishiod PipbEaUS of ERYO e

parti gul ar | jang@frolp160110 4900 g thoes preferablyy 70 6o 86D g} pBDOarly Ffrtodltd. ng ont o
concrete, the, e OXé rf[\g‘llg)s q&referably have an EEW in the range from 180 to
250 g, nor 2 esrecally §849PPI 200 g, "particularly 188 to 195 g, and
especially -about 190 g. The fatty am ne curing agent used in the present

i nvention i referably formed 15 from th r( HeloPi) |.ds. The
terms tri rre'?o'{‘oco??{'ﬂyg gl&tp&tegﬂdﬁ%ppr%y *’Pﬁ‘f‘?!}"ea(%’gﬂ@%%g%ﬁ%%&'ﬁa'%h&? ﬁé'lnart, and
refer to tiso fors508y, intarb iprsiéreiblys7iotattB0m, particulatys4% torfilifag, and especially

pol yunsat ur at e tty. acids_and/or t pbed T. E.
B cuclh, - b it 200 s For Fortie A erciS, i 2pori ey prefEb e s W

Encycl opedi i thé rdeige fioba  sOcd800d, ogore phéfirably 184 twi200\g, padicul¥dy 188 093, Vol .
8, pp. 223- . They ar.e pre by polynerizing fatty acids under
pressure, aﬁ%@i@qg&gﬁﬂ@*%oﬁgﬁéjgf the unreacted fatty acid starting
materials by distillation. The final product usually contains sone nono
fatty aci tly diner fatty acj. Al . t | sone

hi gher or gT'i‘%Fﬁ"?%”rmﬁgf"g% 4 s'ﬁ%@rgg%@lﬂﬁlﬂ{gg'ﬁ?g %r%%f&?:{m@rr{ﬁge pr epar ed
Wi th 4ar i ougomaneteraponding fatiyfdoidsent fatty acids. The ratio of diner fatty
acids to trinmer fatty acids can be varied, by nodifying the processing

conditions and/or the unsaturated acid feedstock. The triner fatty acid
may be i sol Bhetbring timdsay biidlahy dimerdattpacid Breowelt knowsriodos artrandrefes,  usi ng

rimer 30 £ b Tieraetaaa epidhpgudE btk Rl R BelaEHECS D1
cor r espondi agd/onestere sherdbie Tholy aes désuribgd TE. Breusr, 'Birdeoptidsiiall.ldi ner fatty
di am 2%e nayKPoescI[i)vK/i?zdéﬁS,dKirk-Othmer Encyclopedia of Chemical Technology, 4th Ed.,
Wiley, New York, 1993, Vol. 8, pp. 223-237. They are prepared by polymerizing
fatty acids under pressure, and then removing most of the unreacted fatty acid
starting materials by distillation. The final product usually contains some mono fatty
acid, mostly dimer fatty acids, and trimer fatty acids and some higher or oligomeric
25 fatty acids. The resultant product can be prepared with various levels of the
different fatty acids. The ratio of dimer fatty acids to trimer fatty acids can be varied,
by modifying the processing conditions and/or the unsaturated acid feedstock. The
trimer fatty acid may be isolated in substantially pure form from the product mixture,
using purification techniques known in the art, or alternatively a mixture of trimer
30 fatty acid and dimer fatty acid may be employed to produce the corresponding
amines. The trimer fatty triamine and optional dimer fatty diamine may be produced
from the corresponding trimer fatty acid and optional dimer fatty acid by standard
chemical methods known in the art, for example by reacting with ammonia followed
by hydrogenation, as described in EP-530696-A.

35



- fromthe g@mspegponding trimer fatty acid and optional diner fatty gcadiayyz00s
.standard chem cal nethods known in the art, for exanple by reacting with
. ammoni a followed by hydrogenation, as described in EP-530696-A. 35 6 The
© curing agent used in the present invgntion preferably has a triner fatty
triamne (or triner) content of greater than 5% nore preferably in the
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particul ar |4t O es | a .chains. Thus, erred -
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36I to |72, %fo?%f/ul()ﬁwbigﬂgﬁalde% 4re based farmmheetstakwie?@htyftﬁmecaﬁmemm oms. The
nol ecul ar wei wei average) . of t triner fatty triamne is
pref elfabl y WWQWQ"HH%BWWBW%&FWQ%P{?W% preferably 790 to 910,
{)a_rtlpul arly 810 ]Eo 830, and especially 830 to 870. Suitable trinmer fatty

riam nes e_prefera erived from (i r m ne egui t 0 of) th
trimerisati dﬁfeﬁrpgawgp%#aﬁy?r@nap%s %{gitﬂr,"eﬁ(sl ﬁéﬁ%ﬁ’ceﬁbﬁngfe ﬁﬁ%@éﬁ?@ﬁgc&% ) the
ltoa! m to:c elt fpa@@tidthlymﬁitoﬂtﬁ,i aﬁdo?speeiguy @ cilkyherainsu | Busyprefermiddiimenfaity.  The

rimer fatty triamnes . al s e rdved fr t r.L3er| | duct
of the unsé'W@Fé&o?ﬁﬂ'%ﬁ?geﬁ'f’%#@séoomoé? Rgegéﬁaﬁﬁ'taﬁetbﬁgdé%ﬁé/dslél@ 81[ oEHers
nat urgl df afulm tamf ?hd( aspeg;i@y lsafcafc?anfdtcfm&r'lrh)é molecsiay lveight (wdightaverage)pi | ,
rapeseed oil_, cottonseed oil .and_tall .ojl. dro t f 25 exanple b
usi ng a ni cfdne e tt!"amed%PfeF%[F{"y "é@ﬁedgf%@mgﬁg@ tﬁgsg’rfﬁ‘#rgyed ?Orrp =
produce t hepréRr4LAsPIND I, pantioEiary 810 toy890| andespexialipBad kediQy, the di ner
fatty diamines are preferably derived fromthe dinerisation products of

the materials nmentioned in the above paragraph, and are preferably 30
di mers of QitabR thimer fatl teanpines areairbierdblpdérive@2m (iaatd arihaehyivagdiso C22,

22ﬁt ag%ﬁp?ﬁlcﬁ‘i]tlg% tl%gris%ltiléx lpré:&%{sno%'ole]_chgcs«id, Illng eicdrj\cri?irlin&g}li%%ci ' %ﬂ&ﬁicpr eferably
acid, and elaidic acid, and particularly of oleic acid. The trimer fatty triamines may
also be derived from the trimerisation products of the unsaturated fatty acid
mixtures obtained in the hydrolysis of natural fats and oils, e.g. of sunflower oil,
soybean oil, olive oil, rapeseed oil, cottonseed ofl and tall oil. Hydrogenated, for
25  example by using a nickel catalyst, trimer fatty acids may also be employed to

produce the corresponding trimer fattty triamines.

Similarly, the dimer fatty diamines are preferably derived from the dimerisation
products of the materials mentioned in the above paragraph, and are preferably

30 dimers of Cyo to Cgp, more preferably Cq, to Cay, particularly Cisto Co, and
especially Cyg alkyl chains. Thus, the dimer faity diamines preferably contain in the
range from 20 to 60, more preferably 24 {o 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, particularty

35 530 to 610, and especially 550 to 590.




- range frouoe®ighd 60, nore preferably 24 to 48, particularly 28 to Atfl n@ﬁdsz
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. dinmer fatty diamine is preferably in the range from450 to 690, nore

“ preferably 500 to 640, particularly 735 530 to 610, and especially 550 to
590. UQ 51017 7 In the enbodi nent of the present invention, tetramer fatty
tetraam nes and higher oligoners (hereinafter both referred to as
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of the ol i giattgtriamihes ayd dinen attyi dlamines aatloy mgne fatlyrmaeraamings00the pr ef er abl y
in the range.from 00 8 re. L ool
particul arl 'gf,mfﬁ'ﬁ%?@ T’"égf),%reaé\)rgfeéésm;%g'%ﬁ‘%%og%ﬁ?%d' %?&ggguqlhséggg?"i ng
agent sui t afol G coanerprefesatilylCi.do 2R phsticularly 4 to 24, and aspecidliytGy atky
tetragm nes_ar j | i ; T t ' . friamne is in
the ange §EHf %4 501sBynERSEh T ue/oHe afatiRior e dibEfio ftly amle &1 OF 7
is in the suitably greatar then 1000 ptelisrablyiingtie.rangd frarh 11208 tadBOY, Moy wei ght
val ues are ba t ' el EGiTe f { &jﬂfgi and
hi gher ol g@rﬁgﬁgbﬁ? r3|0h:§1g§9?%3| I'IY*Xr@'&rIg'lﬂ‘}a?hmcrjloe{c“p‘E’ésén dienb%%ael&guél ng Qg@m . 20
The curing agent used in the present invention is normally fornulated with
epoxy resi . Stoj chj eric . ' ' epoxy groups,
suitably i nﬁ%gﬁm\%ﬁdgﬁp#@{;?% croz}anﬁ)é'ég# lr‘%gq @‘@@%‘wwe&g@%é?a ly 0.5 to 2:1,
nor e & ef ertelrbgmihe8 and highePoligonpas.t The ot  tdmerdfaity riaminaisdn &wpeci al | y
about 1:1. 25 The c P 1 f | ] can ition may
be i npr ovea’ag'ge r']r é"a%@?\%d(@bk%e}éggﬁngﬁﬁ%g J:')'t% Eét %@ﬁ%&g%@%ﬁ%ﬁ '? fllrﬁ)&'%
nmonof unct i oraage épox5§0 toeB% by weightli Allntihe@bale ¥nxweightoialues (@@ baseyd @xcess of
am ne hydroge L Qr ] X t Jhj.s is a
common prac Pgéta‘/\‘g‘%ip&kor{téé\}nﬁ%égf?ﬂ{)%yag%helse (aihg'?%t% ﬁéﬁdﬁ%r&%ﬁwgﬁd d’mr
amine present in the curing agent.
20
The curing agent used in the present invention is normally formulated with epoxy
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.
25
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 together. This is a common practice well known to those skilled in the
30 art, and is generally referred to as adduction. Particularly useful epoxy resins for
' adduction include the diglycidyl ethers of bisphenol-A, the advanced diglycidyl
ethers of bisphenol-A, the diglycidy! ethers of bisphenol-F, styrene oxide,
cyclohexene oxide, and the glycidyl ethers of phenol and other alkyl phenols.




. 30 art, ampisigigenerally referred to as adduction. Particularly usefgd yay 2005
-epoxy resins for adduction include the diglycidyl ethers of bisphenol-A

, the.advanced diglycidyl ethers of bisphenol-A the diglycidyl ethers of

- bi sphenol -F, styrene oxide, cyclohegene oxide, and the glycidyl ethers of
phenol and other alkyl phenols. 8 An advantage of a coating conposition
according tan édll%nﬁgeaﬁlatcohﬂmmmmsltiw dccatding telthe preskrt invantion ésctbai ti es can

be achieved at i h li.d d
resin and dEPIVRY agerisesited odf b dsieve bl BRI SoR cortdfR Rintihed Py
conpositi orarhm_wt age;a)xylresmanﬂ y;umig e@mﬁ)?m at iaw sdlSéhtamntelue ﬁluua awedtinghi ch has

301 0 705 CapORRED AV SASPEGIA0 ik B pE o O ORI AGTOC O

basedson t heligotaitemai grdaterthan B5%cooreosnefarally irSheirargd from #0doZ0%ng

has ol vRRRLRSHD 4 5 6D% 2ot eofelty 08 she. B weiLGARA IR S e VR 1

30 to 60% dratid coribawition. Bimilarys & Ypatinglcongpsitioal Haying s \tlsnosmyéﬂ)%m?an ght

based on th ot al i ght of the h L i ti
sui tabl y hefd 23 B B Ry whigE e S ()R’?/Rtbio?“\tmélI fespita '“E%an'? B otal
wei ght of tpreferapipinghé rangedfony B &d em%xmmunmmmtqnd\ﬂspeeanmma s at

or of eably S5 BriRef BT anedoe i Fabe scip R ety o ©

especi al | y cbingositidh suitabiiyphasld sd:ltdstmatenavqomemmwvmgmthaagd cnfthedetal i on

according to.t resent |nve tion from 40 to
50 nPa.s atV ezggof P&tﬂ ’?‘?é%’ ﬁ %ﬁelvxésc%g@fﬁi%enﬂ[n%ﬁgg ﬁgﬁﬁ%fetﬁ rom 35
to 70% mr&aﬁﬁ@é@ﬁﬂkﬂiﬁbﬂbrﬁfﬁaﬁﬁw greatempthan idc moea prefésdbly irothé Gandsyframi ght

Chat the abectPerknpan e g onar BRI RGN cont ont “can be

achi esed for an epoxy resin having an EEWin the range from 450 to 500 g.

25 Th b f d d |
2 e o Bl et S PP SR PP AR reBacP 2 1
are nor mal IWSdouy ipdné rangetitopn 4ALke50 MiFatsodt] 23°C) antbprsferahiy basaeblidsk, and

 ay, q HeSt
ton” oxi de.conlett ung céte e ahe 0% P BRterdg 3b.p K5k Bhd PhftedEhoBo SNE
fill ers andbeo¥%bpweighthagedrondke tqialaveidht o tHOsenposition.

20
A particular advantage is that the above preferred ranges of solids and soivent
content can be achieved for an epoxy resin having an EEW in the range from 450 to
500 g.

25 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 biack, titanium dioxide and iron oxide. K the coating composition does
contain significant amounts of fillers and/or pigments, for example 25 to 30% by

30 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
35 accelerators are described in H. Lee and K. Neville, Handbook of Epoxy Resins,
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-addi tional solvent will normally have to be added to achieve the desired
_viscosity. In some circunstances it may be advantageous to incorporate

- so-called accelerators in coating cgnpositions according to the present

i nvention. Such 35 accelerators are described in H Lee and K Neville,
Handbook of Megeaw-HReNewYork)P06 3.1 Glifalle ActdefaRidiBcdd/vBicus-digatic abldsy Yor k,

1967. Suitabl e accel erator.s includ ar i i C aCI .
phonol ot GRETRE, PRRIILIRY IR IS, IREHE RS FRrcpBLERRRE oo(
accel er alt o[lgcdeméwaan?mbénzﬂl alcdml,,plhpﬂelnalkyl sabstinlited phenadls suadaphenol s such
as nonyl phenol, oct enol .. .t-but I :
b: sphenol - ARBliheBg) SRt & ouiykiehnl PPl neEbR IR hEREphI. safihc
Rl:) fﬁrgislmat hxs/érammamlylhmlir)qnimwt herﬂhttbis(diin'ieﬂ(ﬁial 'n}linmmgﬂhalt)phowubahql ) phenol .

y, such.accel erators are us at, lev % h
total v ghiiepimegegraroEhanelaNarian. Sl Bt dd bpaf oG WRSEE 1"
5% 10 Pl as{@%ior 63ss based ol Be tbial weight gictha kpokyi resio, arebmbregustialipatlevélons of
the present _.i ' This is particularly useful in cases where, in the

£l nv§nt gn-
absence of_g!ﬁ?? _3"8!“astici zer, the glass transition tenperature, Tg, of
the conposition significantly exceeds the anbient tenperature, before the

d f I. [ . ' A
and. i oab Betras M @og e reser BEcpfranns s BER, e biha” Slcn"
gggiﬁ : ct:) ; é _eir mvguti?nmmhls i pamgaag gmkgen sésdsl wiltbr?e.rin thesgbsance obsuth aar e
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\IC/JY ;g%ll . :\E\évr ?eﬁg? th?%lgbieﬁm&fmpélrﬁtur@,rhefﬂﬁaheGegreéaf teactidrandopssary fta meet

1cl ude benz al coho '
pht hal i ¢ ac?‘%f.&a'"l'f?é‘uﬁ%m%ﬁ’ 5%1‘%&?? 5&%@?"%%43&%%%%}&#%? ?93@%'45?%?6? rr?!atS egf in
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agents. 1 nebdhSohabih. 25 290 PenichlaiuBern bRy ngluf Ry feBRA °' "0
def oarers, mbmylphhal; amdeariolis esteveoft phthaliclacid: sieastdrplasticietrssenildo as to
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reaction with the curing agent.

Protective or decorative coatings prepared from a composition according to the
present invention can be formulated with a wide variety of ingredients well known to

25 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 components. Suitable solvents include aromatics, aliphatics, esters,

30 ketones, ethers, alcohols, glycols, glycol ethers, and the like. Particularly useful in
the formulation are ketones, such as acetone, methyi ethyl ketone, methyl iscamyl
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
ester solvents are included in the formulation, it is usually necessary to formulate



bi nder caymenents. Suitable solvents include aromatics, aliphatics,p@s§gf s
30 ketones, ethers, alcohols, glycols, glycol ethers, and the I|ike.

. Particularly useful in the fornulation are ketones, such as acetone,

met hyl ethyl ketone, nethyl isoanyl 4dketone, nethyl propyl ketone, nethyl
anyl ketone, diacetone alcohol and the |ike, which can be used to inprove
pot |ife Withémlin tHe! packagecoriaining theepdxy resiry,i socasstp asnimize theie seastios ol vent s
are included, ipn the fornylation, it is usually necessary to fornulate UQ
51017 10 tHﬂWUﬂﬁCPWE’$$%Eage containing the epoxy resin, so as to minimze
their reaction wth the curing agent. Coating conpositions of the present

[ ti b lied b nh f 5 ' ' ' ,
brush. v ol 1GHtNG gpRposfions of fif Prergmnenton e S BRPSiiany Pt BF P13
for apgpli catétiguek ischadinggsrapfbrih, solien\pairt imdith, anidtthe fikeopdumemusf ace

tion, [ | 1 t .in,the. . s include, b
e mor 11 b iated ard s bley B SPr ettt eomsd o i BRI 07 o
as wel | as s@fﬁﬂ@bﬁip@ratiﬂ:?,_ a9ie mmuggtm?mmiad.mmswes includer but slui taAbl e

or use as a prjuer coating,on _substrates su [ eel .
preferred &S%BPHE'?'W 8 DPEYLPeP 9 @Pﬁaﬁ,@aggu[aﬂg%Eeegincf%lgﬁ%rﬁﬁg ag%#za% coating

| ayer accorgdnb@td.0 the present invention coated onto (i) concrete, is an
epoxy coating |ayer, different fromthe priner |ayer, preferably 15
comprsing fillers, such as stone chips; and (ii) steel, is an alkyd resin
and/ or  polpHe claliag eompadittonscré padicllagtesuitablecfor uspsamé ptimesceatingioni on can be

applied and cured at ,anmbi ent tenperatures. r | f about
S0C wi th (URBEREE AYECADIOREERte M Sieehel APty oL VBl B VR
coatings capredlonqopef 4 primer costiag layier hesupding tauthe pregent inveritibd Coatedgnimt er .
The inventign is jllustrated by the fqllow - i niting es. 25
Exanpl es St iCEH?rSt?Eﬁ‘?rbe%lfﬁ? Ve, ?\é\? ﬁ?’PBHQB@'{“ zf%*’é; B%fe?gany de curing
agentss  ( Caspisprising \filerSx sughl asssténeactipsl)and dif) diteel, dsian atiyd gesin amddorposi ti on
(derived froma , 60/ 40% b ﬁg@ag,ht dinmer/trimer fatty acid m xture obtained

from ol ei c PRYUEhaIyEsH Bkanmpl e ©) conprising 29% by wei ght of
trimer fatty triam ne, 54% by wei ght of

Coatings of this invention can be applied and cured at ambient temperatures
ranging from about 0 to about 50°C, with temperatures of 10 fo 40°C being
20 preferred. If desired, these coatings can also be force cured at temperatures up to

100°C or greater.

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

25 Examples

Stoichiometric amounts of commercially available polyamide curing agents
(Comparaﬁve 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)

30 (Example C) comprising 29% by weight of trimer fatty triamine, 54% by weight of
dime} fatty diamine, and 17% by weight of oligomeric fatty amine (molecular weight
(weight average) ofi ,500 (determined by high temperature gas chromatography
using an Agilent 6890, Ultimetal Simdist column (length 5 m, i.d 0.53 mm, Df = 0.17
pm) at an oven temperature of 60°C (hold 1 min), rate 1:30°C/min>150°C, rate

35 2:12°C/min> 380°C (hold 10 minutes))), and EPIKOTE 1001 (bisphenol-A type epoxy




. dimer fatgoy sdofm ne, and 17% by wei ght of oligoneric fatty am ne (nqg} £Gikyasioos
.wei ght (weight average) of 1,500 (determ ned by high tenperature gas

_ chrqmat ography using an Agilent 6890, Utinmetal Sindist colum (length 5
~m i.d 0.53 mMm O = 0.17 pn) at anqpven tenperature of 60C (hold 1 mn),
rate 1:30C/ m n>150C, rate 35 2:12C/ m n> 380C (hold 10 m nutes))), and

EPI KOTE 1QG@4din((6x, Rasentibn)ihaving ar EEVY obdB0 § I0@asuidd aexirding exASRMHD| ut i on) )

having an EEW of 480 asured..a | AST 1652- were m xed
t oget her . *ﬁ?@‘@ﬁl‘“@fﬂ@%‘f%ggg%ﬁ%ﬂ %ﬁ%@&aﬁ héogd'ﬁfe‘#\{ﬂlﬁ"%d(@h%%‘ge t 1) prior to
Lnbx |5 (r)\g W\I/D\n;’it(g;oiﬂ;jsbnrérgtr 1'8) rpﬁomérﬁt fo(gg'ghﬂh the socsy a?erm.}‘ Thé eiscosity of ﬂnamzixture edsic eg E g
- .S, red a on kfie | s g e
required dRBYeRd t8f4%§bs'8 génts meéﬁweaﬁ?gg‘%?% (%W%ﬁﬁ&n%hﬁrgﬁeél %&%ﬁj
M Xt uke. GREPSIIARY alndanl bfa Solvent bisnd of BRIOKSDT(E/V) BdilitdnoBaylepomixtura. Xyl ene)
100 10 Xyl ene 51 Methyl isobutyl ketone (M BK) 37.5 Exanpl eCuring
agent PartsParts by no. byWei ght For mul ated cl ear | aquer Wi ght sol vent
Vi scosi t ySaboipdint i fe (nPa.s at 23C) (% (days) AVersami de
115-t ype445045373 (Conpar pol yani de (70% i E, ﬁt&by%m ene) BVersam de
125- t ype5437. 550463 ( Conpar pol yam de ati vef atly

di am ne/ Tr | preiéPrEA 2HAX35%addopy i kyterienel A i gotndric fatty amne 15 The filns
vvere1%oat ec&(ﬁnto gl ass and netal by using a l\/g,}/er bar, dried overnight at

ene
Methyi isobutyl ketone (MIBK) 37.5
Example Curing agent Parts Parts by
no. by Weight Formulated clear laquer
Weight soivent
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) '
C Dimer fatty diamine/Trimer 42 - 42 53 >3
fatty trlamine/Otigomeric
fatty amine

15
The films were coated onto glass and metal by using a Meyer bar, dried overnight at

23°C, 50% relative humidity, and the following tests performed;
(i) hardness (according to ASTM D 4366),
(ii} gloss (according to ASTM D 523),
20 {iii) indirect impact (ASTM D 2794), and
(iv) drying time {using a drying recorder from Byk-Gardner).



23C; 50%u@lsadive hum dity,
.(according to ASTM D 4366),
- indirect
recorder from Byk-Gardner).
wet on netal

i npact

no.

(ASTM D 2794),

and the foll ow ng tests perforned,
(i1) gloss (according to ASTM D 523),

and (iv) drying tinme (using a d

(i) foex ghipgsmos
20 (iii)

ryi ng

UQ 510142 12 Exanpl e1l50 pm wet on gl ass150 pm

Koni g hardnessd ossKoni gl npact (s) 200/ 60har dness(i ndirect)
(gloss unit)(s)(Kg.cm AVersam de 115-type89123/12496>200 ( Conp) pol yam de
(70% i n xylene) BVersam de 125-type7478/100145>200 ( Conp) pol yam de CTri mer
fatty99168/145160>200 triam ne/Aigonmeric anmne 0 4 MAY 2005 Exanpl e

no. Dryi rg exaer der 76 pm wet (jhour spwivkageglaist agel 1BLaget o Betaige 3St age 4
AVer samide Jol5-tlype%v3% 45- 67-{8>12 (Corrp) poI yam de (70%| n xyllene)
BVer sam [de—125-type¥146-78)4 VK‘o’n@ e pumbggn Honi b'lmpact
fatty%d-22Y2-3510-11 triam ne/{d 3 ric & Stiag&intls (Iﬁ%s;‘lt)l ng, Stage 1:
basi c trlace, Stage 2: fllmbwldln Staqe Srfac%t a(&?é Stage 4: Dry
10 The dbove exanples illustrdte the i i 925 B dper'®i ed B koat i ng
conposi t|i on A Versamide 115-type 123/124 96 >200
{Comp) polyamide (70% in
xylene)
B Versamide 125-type 74 78/100 145 >200
(Comp) polyamide
c Trimer fatty 99 168/145 160 >200
triamine/Qligomeric
amine
5
Example no. Drying recorder 76 pm wet
{hours)
Stage 0 Stage 1 Stage 2 Stage3 | Stage4
A Versamide 115-type Y 3%-4 5-6 7-8 >12
{Comp} polyamide (70% in
xylene)
B Versamide 125-type Y1 4 &7 8149 >12
(Comp) polyamide
C Trimer fatty Y 12 2¥2-3 5 10-11
triamine/Qligomeric amine
Stage 0: leveling, Stage 1: basic trace, Stage 2: film building, Stage 3: Surface trace, Stage 4. Dry
10 The above exampiles illustrate the improved properties of a coating composition

according to the present invention.
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.coating conposition conprising an epoxy resin and a curing agent

- conprising in the range from14 to 20% by weight of tetramer fatty

- tetram nes 5 and higher oligoners, 2%to 35% by weight of trimer fatty
triamne, and 50 to 60% by weight of diner fatty diamne, all based on the
total weighgrafmgetraner fatty tetram nes and higher oligoners, triner and
dinmer fatty amnes present in the curing agent. 10 2. A conposition
according to claim1 wherein the epoxy resin has an epoxy equival ent

wei ght in the hAzB86hd épokfiBn BmPHSIAg 8n ePoxyretEnad éuripg ageaprding to
either one of clainms 1 and 2 wherein th% i)rlrrer f@t@hg t |ag1 ne is atriner
of ClO to C30 S9mRysing aitharangs frem ¢ toflye by meight 9 ’&?Pﬁ&ﬂly CUATRES one of
claing 1 and 2;¥RgRérbiGHRcR] DIWTBE% by idghitf aifididathstriaming, aBeSoro
conprising 4 or _nore units, of Cl10 to C30 al k\él chgh S. 2'% ? An epoxy
resin cured wi BOdywaight gt digen fattygliaping; alhbassdondhe @é’"ﬁ@ oF etramer 209 by
wei ght of tetr gighetfaihes 4Rf Higharifigomer, Bintdteind dirh@caRy amirds présshdih by

wei ght of triner fatty triamne, and 50 to 60% by wei ght of dinmer fatty

di amine, all ¥HeEN$AIMe total weight of tetranmer fatty tetranines and
hi gher oligoners, trinmer and diner fatty am nes present in the curing

agent. 25 6. The use of a curing agen onprising in the range from14 to
3056 bip i gt | Bicompesenarcoidig b ST KHARED LR GHL e hos °%5 to 35%

by wei ght of tgdidlentiwight in the fAdeSrorang0 &40 §0% by wei ght of dimer fatty
diam ne, all based on the total weight of tetranmer fatty tetram nes and

hi gher oligoners, trimer and diner 30 fatty ami nes present in the curing

agent to cuge ARoRRBYHor &6dofding to dithepbfié 6f Saifgbsdricd wheai heé tiinkhfalty) a
primer layer fornmed froma coati ng ciorrpos,ltlon conprising an epoxy resin
and a curing a@@m'”%'éﬁﬂf"l“ﬂﬂfggiﬂltp poclkyl SARYBSf r om 14 to 20% by wei ght of
tetraqger fatty tetramnes and higher

4. A composition according to either one of claims 1 and 2 wherein the oligomeric
fatty amine is an oligomer, comprising 4 or more units, of Cyo to Cy alkyl
chains.

20 5. An epoxy resin cured with a curing agent comprising in the range from 14 to
20% by weight of tetramer fatty tetramines and higher oligomers, 25 to 35% by
weight of trimer fatty triamine, and 50 to 60% by weight of dimer fatty diamine,
all based on the total weight of tetramer fatty tetramines and higher oligomers,
trimer and dimer fatty amines present in the curing agent.

25
6. The use of a curing agent comprising in the range from 14 to 20% by weight of
tetramer fatty tetramines and higher oligomers, 25 to 35% by weight of trimer
fatty triamine, and 50 to 60% by weight of dimer fatty diamine, all based on the
total weight of tetramer fatty tetramines and higher oligomers, trimer and dimer
30 fatty amines present in the curing agent to cure an epoxy resin.

7. A concrete substrate coated with (i) a primer layer formed from a coating
composition comprising an epoxy resin and a curing agent comprising in the
range from 14 to 20% by weight of tetramer fatty tetramines and higher

35 oligomers, 25 to 35% by weight of trimer fatty triamine, and 50 to 60% by




. 35 oli gonNR§i%10425 to 35% by weight of trinmer fatty triamne, and 500 ¢ aA0205
by UQ 51017 0 4 MAY 2006 14 weight of diner fatty diam ne, all based on
~the total weight of tetramer fatty tetram nes and higher oligoners, trinmer
~and dinmer fatty amines present in thg curing agent,, and (ii) an

addi tional epoxy resin coating layer, different fromthe priner |ayer,

opti ona: ly Co;w&igrﬁi?m]girﬁérlféwdiaﬁ;r&, alfbadededn the ltsthrnedightod dtrathenifatty (i) a
primer layer fornmed froma coatin QNpPosSi fi.0on npri.si ng_an.epoxy resin
and a curing delEaminegsapd f‘ghﬁbalgf’? %%r*ﬁrr@ﬁ ‘F'P‘SH&‘%X %"%%ﬁ‘i}“ﬂﬁﬁém of
tetramer fattyylifg bgsht) @hdMdnidditohal epokyg ST GoatiRg ldyer, Afférént froei st  of
trimer fatty triamne, and 50 to 60% 10 wei ght of diner fatty di am ne,
al | based on tRiEner (RSl QREPRAlY OMPIIEing E%r fatty tetramnes and higher
oligogers, trinmer and diner fatty am nes present in the curing agent, and

(i1) an additional alkyd resin or holyurethane resin coatin | ayer. UQ
51017 15 ABSTHngteelsubs ?‘Prﬁ?a@grm&%&ﬁ %W‘%!d?ﬁeé?‘?{m?& fiam 858 V%r esin and a
curing aﬁent Yok ®bA Gompridind Hﬁ‘bpéﬁrbmntah'dlamuliliagaﬂgdhnﬁnhir'fgingrin thei goneri c
am ne. The coating conposition is, rticu sui.t abl e .fqr use as a
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oligomers, 25 to 35% by weight of trimer fatty triamine, and 50 to 60% by
10 weight of dimer fatty diamine, all based on the total weight of tetramer fatty
| tetramines and higher oligomers, trimer and dimer fatty amines present in the
curing agent, and (ii) an additional alkyd resin or polyurethane resin coating

layer.






