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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
cases in co

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 ? nurLTbeClelf ngérblébé@ﬁh‘ epﬁmgslné atb w%dﬂaﬂmhdms'tr:m pmnmtsf M@ largestur i ng
agents. Low ecyl ar wei I a or. exa areot vol ati,le and 30
Somet | mes ¢ Hipsmagpdbeis 5ot o8 Mepiep ot ooty of el vl of
flex It bi | It t YGorR!i’état&%tf}JdﬁPs sQ6h b Briggde shlba,ﬁddtfs@ﬁhtdinay ete. ewaenexchdpycaitnw
reactivity, rticul ar e ra cl.ose and al eneral |
have hi gh vP&gBé’P?V‘Q/mF% gtﬂgnn%)‘ﬁﬁ?é ﬂﬁéﬁ’emrfd' XW‘?S'H' %t 'Qﬂg Y
sol very s. Fprovidetd\comibination e bbedsiemrsisednebywater 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 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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35 reasongqitsAgf2 i S a general requirement to reduce sol vent |evel 8 4 WAY 2003
coatings, UQ 51017 0 4 MAY 2005 2 including epoxy coatings. Thus, there is

~a need for inproved | ow viscosity curing agents for epoxy resins.

[

Restrictions on the use of solvents gay require that |ow nol ecul ar wei ght
epoxy resins be used in place of the preferred, higher nol ecul ar wei ght

epoxy resi Nfcludihd BpRECddaiRgN | TRURSthérS Behdad fof inigteveliowvicasigrduringpl oyed.
The use of |ow nol ecul ar . wei ght epoxy resins increases the drying tinme of

t he coatlnémeﬁﬁﬂére?¢ﬁW€mp§ a need for curing agents that reduce the
drying time of epoxy coatings, particularly those based on Iiquid epoxy
resins. 10 For

(%ood protection of substrate S oncre {e and netal ,
it i s necedRestictipARPN t'?%'ésecgeﬁof"ﬁﬂtsrfﬁ?wfe&f"ﬁeg%f?"ﬁﬂ'ﬁ%g'r"ﬁﬁw?@ % ubstrat e,
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corrosion resistance, |leadin service. 20

Summary of f Ph@"’!“ﬁ\?@ﬁmséﬁavgdﬁ%ﬁ/@ 8 at%ﬂ%ﬁl‘}wﬁ’?ﬁl %Pagngscmreﬂf"é@g%wo@%oxy resin

coating conpRelbhMquiditipeRy résiiduces or substantially overcones at |east one
of the aforenentioned probl ems. 25 Accordingly, the present invention

provi®es a coating conposition conprising an epoxy resin and a curing
agent CONpregy g@ﬁd 'phmtéﬁﬁlnrdﬁg&tfm%% égg@ﬁ%té&nﬂm@m it lsfnecéﬁar?tiﬂt fatty
tetram nes and hi gher, oli t t atty
triamne, dh® cgﬁ"lgdnﬂﬁt?d’bgc"\’ﬁ?%“?ﬁ‘oﬁﬁo ﬁ]en%’ré Fé‘tet 93 ?ﬁ?yn@d’eé}”ﬁ{ based on the
total 30 weidnBitioRd. VWeile apbxy datihys g@ierr@lmrma gobd abh@‘lﬁf thgré (postiims, trimer
and di mer fnqe.'tetd%or a%%’ré‘v%% a%rhgglgrq tpalrtlcuﬁarf?r on Subsitates SU such as cold-rolled steel

15 - (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 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




-~ The: i nvenyis1oet so provi des an epoxy resin cured with a curing agemw pay 2008
. conprising in the range from14 to 20% by weight of tetramer fatty

. tetram nes and higher 35 oligomers, 25 to 35% by weight of triner fatty
triamne, and 50 to 60% by weight of3UQ 51017 3 0 4 MAY 2005 diner fatty
diam ne, all based on the total weight of tetramer fatty tetram nes and
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agent. The ji.nvention fu I ROV e t conprisin
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gbog/hgr ol!gorrerfs, 25 to 35%by weight of trimer fatty triamne, and 50 to
o by wei ght of diner . di.am . 3 t lnght of
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I nvention 4 her provi e : | | '
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fatty tetram nes and hi gh ' % | imer fatt

triam ne, aﬂbog@r?’ér'%ﬂ%@yﬁ@gpﬂt?%ﬁﬁﬁ%f pr%?%it?'u &gt(%@“%l}sg%nﬂﬁéc B%I %rf based on d
the total vepaxytesw. tetranmer fatty tetramnes and higher oligomers, trimer
and djnmer fatty am nes present in the curing agent, and (ii) an additional

epoxywresin coating layer, different fromthe primer |ayer, optionally

gorrFr ijSi _ntghTm ingentioBGurities pravidestd eoncfele shistrate oudterbwitl (ia pemes tayst r at e
oated w | r L. . : | L
conpri si ng f&'ﬁ“é%ﬁ?@' érée%t'ﬂb %@Bg&@%ﬁ%p%ﬁ%ﬁe%ﬁ@ ?ﬁggﬁﬂﬁ?ggaggnge from
34 g 80/28% b@omﬁwg*gt in dtie taage fnoer 14 W 20% by weight atistramer fatly deteamioes gogther s, 25
o] o by Lght . i 1.3 ﬁ%, lght of
dimer fatt %Hﬁ%ﬁﬂ"ﬁé@g%r ??E)oaé%%tb&# ét"#@%}tf (n)ﬁ'ﬁ @ﬁ?’h%f gﬁg?reéong?%:‘tg?t y025
| E ﬁt r a8 nes weightofgireer fatty diamines all baserken thedotal weight ofttelfarmen fally present in
e curing ent AR Lbd i . i
coating | ay‘(??f.gmﬂ?’é a?'ﬁ\?‘éénelk élrchjao rsprt]?glqhﬁ?sr)? ﬁ%?ﬁlﬁérﬂcf)w dﬁgrglhgs Eﬁsﬁ@ﬂﬁﬁ@%ﬁr@lﬂﬁgr SSI "
coat i ng conggssittandr(ii} an additional epoxy resin coating layer, different from the primer
layer, optionally comprising filler.

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



- conpri si nguGHhY17pol ynerising fatty aci ds under pressure to produce @4 pay 2005
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- andlor trimer fatty acid, (ii) converting at |east one of the acids in the
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one of the am nes produced in (ii) with an epoxy resin, with the proviso
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ol i goneric am ne. 35 51017 4 0, 4 T LN d
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Epoxy Resi é O RN & I(?é'y (e@ﬁarcesp Ee'r, 5583? 5 Exanpl es
i n::l u@e6t hf&@n@%@dhdade those lepexdes disdlises, ib OB B599.86% aolump 3, linnet®d t o
colum 6, |ine . ef er | I dyl
cthors of BIERRGHEFR. el B ARG RS BN G RS el LV e
di gl yci dyl tﬁgdm_e:‘nel-m,fthg hepived dighEidybettensiof bigpbenolifo the diglyeidyiethers 0 Epoxy
resins are avai e in.arange of viscosities. The nost I I d
epoxy resi %Spi'ﬁﬁat%@?gqﬁ%gg ﬁgﬁlafﬁée&%'gl yci dyl et hersofcgimggﬂe%olem e
(DGEBA), and higher nol ecul ar wei ght oligoners prepared by the advancenent

o o ondy e AR e b pERRIeT AR RSB
by their t ﬁmgjr?mé wos:‘m? gnnsevlﬁ‘sgdjlumrfaﬁa)diglyﬁdyl ethes of bisphsinohd (DAEB&)I ved epoxy
mor casi ng SHdER iRy YT ofadthds Hopeted by s bper BEBCERAT, T Y
At ag Fgl/veqﬁigmm;tteor%agﬂg?};emmxgpomdeﬂmspaz gendrally diupstional orabighly less fairl y
Lo G = S Aol e pPRE R0 FRP o R FeAREEWE
20 | mst he fTHusUbispherol-Afdetived epmy,resin it ahERWeftIB) ghwsanisegeitie’ t o enpl oy
D08 " ( kmoyabout 8500 FRAY. SBRIYinbRBLAG e EEW B5dolPEroléstn8iskhsiyRo 450 1O
about 12,000 mPa.s. At an EEW of about 300 g, epoxy resins partially crystallize at
a fairly rapid rate to a semi-solid, 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,
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.dramatically decrease the drying tinme of the coating. Furthernore, higher

. ol ecul ar wei ght 25 epoxy resins yield nore flexible and inpact resistant

- coatings than do lower nolecular wegght epoxy resins. Unfortunately, the

hi gh viscosity of the higher nolecular weight epoxy resins requires the

use of [N ghhbe,vT@oxs, ﬁﬁ-ﬁmylﬁﬁéﬁol and othae alkikpheaols) tenal, Z-athybiekanamidi cat i on
viscosity. redu the viscosity of a given conposition, the epox

resin nmay Hsgﬂb F?Pgﬂﬁ&ﬁﬁth a portion of nonofunctional epoxide. ThPs Y
reduction in viscosity may, for exanple, enable the |level of pignment in a

formul ation_to be i ilst still,. ] I [ '
Al | ow ¢ he. B 8RO TR dsedip L erear arestiof eisRipl nBE in SR AERE.°C: Doef b
nonoepoxi degingsd fonnesEioy000g, arel prefarably dTete8e0 gxpaticuldty tAlHyp| 76, oxi de,

propyl ene oxi gde, butyl | de, and the glycidyl ethers of phenol, UQ
51017 0 4 I\ﬁﬂdd 'ahyi’ﬁ‘g% %% s, tert-butyl phenol and other alkyl phenols,

blﬁlt anol, 2-ethyhexanol, and C8 to Cl4 al cohols. The epoxy resins used in
the present_invention preferably have an EEW.i 0Oto
4000 g, - mor Eorscang e ieehghe gpdyYRs Bibsivally e 9 ERYVALHE hEE OB

es p]gaCI alb: y Asot8505f) tnd¥e pFederablyat7iorg 580 go partiewhrly 49{etodfidxy and sspscially

pref erably hav EEWIi n .t he range fr . r ably 470
o 530 o, ” pArai el ar Py s pris Gire b e segsesins prerfren e B Y
coati n? ontip the Fengetim t$EtoedS0qy, mareipneferablf H4ab | 200Igapertisnlal¥EYEs ton t he
range from to 250 re ferably 184 to 200 g, particularly 188 to
195 g, and i@%&&@fﬁsyegﬁ'éfﬁ%f&gé‘gg- The fatty amine curing agent used in the
pr_ezent |hnvent|on is preferably formed 15 fromthe corresponding fatty
acids. The ter trimer fatt cid . i . . ' known in
the art, anth§ @%FW%WFWQ #Pﬂ’éﬁqu@{ﬁ?eoﬁ'ﬁg?m&‘%ﬁa‘% %ﬁir%fre ggcﬁ}{:@%? nono- or

pol yupssat ur gbmdhé adrrespanding fatyratidsr esters thereof. They are described T.E
Breuer, "Dinmer Acids', in J.l1. 20 Kroschwitz (ed.), Kirk-OQ hner

Encycl opedi a of Chem cal Technol ogy, 4th Ed., WIley, New York, 1993, Vol.
8, pp. 223-PRdterrhbaymer fattpacip anedingr fatty scid arezwelpknown in the art, and refer

to the trimerisation/dimerisation products of mono- or polyunsaturated fatty acids
and/or esters thereof. They are described T.E. Breuer, 'Dimer Acids', in J.I.

20 Kroschwitz (ed.), Kirk-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
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particularly 30 ]Eo 70% and especially 50 to 60% by wei ght. Further, the
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range from re&qeggﬁlmﬁg%/afty BEH:)"HP?SSIE“? tf'@e@o}?;fr@ﬁ@le@s'ﬂg% %{Ff%)r/ﬁ}féﬁtq{))bé‘%% by
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ains. .Thu referred tri I am nes

contain in Q?Née V'H}%éat?y_r gAmELs ' 8“’3%?8'%6’? @‘%ﬁ'@?%f’%%ﬁréoégbt}% n}é{e particul arly
15 42 to 66refarsblerIERi A0, padidulady HrtoaB90and démeciatly 88UiIke870ei ght  (wei ght
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to 950, nore preferably 790 to 910, particularly 810 to 890, and
especi al | y §#@bleQriMéPfatty triamines are preferably derived from (ie are amine equivalents

20 of) the trimerisation products of cleic acid, linoleic acid, linolenic acid, paimitoleic
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.
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formed dursuigblyrgreatet than 14000t peferablydn thegamgenfeorn i 200rto f1eB0G0y meee d and/ or
dinmer fatty_aegi / ng. f. j i |  nes are
al so be use egeég%'?éf?@ﬂri‘gt' '@geﬁ?’{'%%ryyeﬁ%@t"r gg@sa ﬂg(? g@%"i‘@ %’@ %%%[;ﬂr' esent
i nvention, in conbination with trinmer fatty triamnes and dinmer fatty
di am nes a or no . ] T. i gﬁ@g ' m nes are
pr ef er abl yngif’efﬁ rasg,ei'g%éi gi}%%ﬁ‘g’ 5'%?4 FT%?Q%LI? i“t ) O“EET%%}E 0°C30, nore
pref etsabl y €rdamime€24ad highet oligdnzers.y T amoudd trimerdfatly piamiog Isyin €8 al kyl 10
chains. The | I lL,ght ' ] Lcafatty
amnos i s EUSP ABH A 1elRpEPY el 2 sBY BHRlor Sl E kAR ™Y ) 500
to .1, 800, nmange fromelGiobil% by weiht.t All bf the@bopmvd hyoweight valubs40€ basedlor600, and
especially t , ' | Al 20% by
werght - of 1 B AaRbpts ot tiarlotTofi e BHm S o Rkl By itne and ek TU O
trimer fattamineipredaméini the caringragent.
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.




. range framuad3ofo 35% by weight, and the anount of diner fatty di am e, hSyifios
-the range from50 to 60% by weight. Al of the above % by wei ght val ues

, are.based on the total weight of tetramer fatty tetraam nes and higher

< oligomers, trimer and dimer anmine pgesent in the curing agent. 20 The
curing agent used in the present invention is nornally fornulated wth
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60% and esda,eﬂm@bémp&mdrp pEiéfably byjrgsier thas ddmore pieéerably & theeangs frorof t he

wpas at 2 W hedeut Fa S0 AR PRI O e “of 1 el han 65%

m)re15preferably in the range from30 to 60% particularly 40 to 55% and

especially 45 to 10 SO(V sed h

conposi ti or UsfR RISIGT gdéé'ﬂ%%@f’?ﬁ' ct??fdér&ﬁ %thgi’?&aseﬁgh%wgon%ent val ue
i R % bK \A/el\.zjga;ban;amehb mmgbhmm 40 & 50 mPlaghat 2$PCIami prefgratdy haoa solidsgr eat er
than the vi cso%?ent r?l thg ?anugee tlrom @b?qo ?O@t m%?ecp%%rggﬁ 45 to 65%, and particularly 50

to 60% by weight based on the total weight of the composition.

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,



. coating coopseition, preferably by greater than 4, nore preferably § 4 Mave2005
.range from 8 to 30, particularly 10 to 20, and especially 12 to 16 units.
.15 In use, a preferred coating conposition according to the present

- invention has a viscosity in the ragge from40 to 50 nPa.s at 23C, and
preferably has a solids content in the range from35 to 70% nore

pref erably MioGtaw-BHINerNbrina96T7 c Sultably abteleratorSibiubly vakoughirganis adiden t he

total weight of .th ition. 20 A ticul ; o '
bbove pr ef criedt. RigREue vl loed TuatehT oY, & PEIRE. BifichRai isbwt b°,
an ]?poxydreg?qydaawsggc[alm befridy/li alcdtiol phangiealkyleabetiiied phe@®sgech @& The above
preferred soli a vent ,r.a . ' iti
Rt ch cont apemimenrodeigel. bRBbrEel, Behbl A ube. LEBRGhOA, SAIBRS ¢ Loy
| n_o[ gaﬂ c _g@,ﬂ,e{iﬂnajhylarﬁlgmalbﬁmt?‘rbl,Ibis(@irl:ietrq/lamiaombthyiapheanljand ay, and
sultable pirgnepts. i nclude ar bo 1 ' |.OX] ' i de.
e o RS RE i GBRE%, B0 MR B G0t praeeP s o
and/ or pi gmegdosr Idse basecaomihe t@al weighDshthy efaxywesighand moteoysalallpatledelsn t he
wei ght of t‘g@ coat i gg conposition, then additional solvent will normally
c

have to be geinan hi eve the desired viscosity. In some circunstances it
may be advant ageous to incorporate so-called accelerators in coating

conposi tiong, accordin 0.the present. | ny ' ators are
descr1%bed ié‘aﬁﬁc‘{eé%”‘éﬁ&}sk.be' rP?’é‘?edﬂﬁi?a‘ﬁggﬁké gﬂ“gﬁ%ﬁ@sﬁg@ﬁ@% 51017 0 4
MAY 2006 9 iMbésitiov: Mihlslis paiticulaidy ksefdlIb caseSuviient) ie trecatseacaobsuchiancl ude
vari ous organic.acigds al cohol henol s, .t ert i m . xyl am nes,
and the lik ?S‘&éﬁe{'itgﬁp'éf? &ra" h‘é‘?’ﬁ‘?"'%ﬁ‘éag'grﬁeﬁt°§r“ié Empiilonsh nz'ﬁ;/%ﬂgfcohol ,
phgnol i ﬁl ksf)lkceédbﬂieiefmﬂi@d terhperatuse, hefdredse degrag bpteantitn nenssyary e meief
t-butyl phenol, .cresol and the |like i |- A sali ' '
di met hyl am SRR RILEFRA :"”@1 S oifant E\?? %ﬁ?ﬂ%ﬁb@ﬁ?ﬁﬁ%éﬁ% :“?q‘sg%gﬁé'qgth
]E ri Sl(ﬂil rr?t hg%ameaqmtelwdi.) Poenpibstiddersratel well lswehn ta tresk ekilied insther art,.andd  at
evels o % or .| ess ed on theat |. ' . of .t resih, and
more usual |§,re esF"éQPéﬁ i Dplgiaag@ ?r}gg%.Jg-ﬁg%cWIggfclzgﬁs, ub?.i.%’%éﬁwﬁ, &d';
Kirk-Othmer Encyclopedia of Chemical Technology, 4th Ed., Wiley, New York,
1996, Vol. 19, pp. 258-290. Particularly useful plasticizers include benzyl alcohol,
nonylphenoal, and various esters of phthalic acid. The ester plasticizers would
20 normally be incorporated in the same package as the epoxy resin to minimize
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



10 Pl ast imj,;sqzoﬁ may al so be incorporated into coating conpositions @i fiems
present invention. This is particularly useful in cases where, in the
. absence of such a plasticizer, the glass transition tenperature, Tg, of

= the conposition significantly exceeffs the anbient tenperature, before the

degree of reaction necessary to neet certain requirenents such as sol vent
and cheni caherh@sthetpRitkEgetshtaining itheedxy eexin, soks th asnibizntheic dastien. Such

pl asti ci zers aF‘e wel | kn?vvn to those skilled in the, art, and are
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proper 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




surface pj@rAbption, as is well understood in the art. Such substrates uay 2006
.include, but are not limted to, many types of netal, particularly steel
_and,alumnum as well as concrete. 10 The coating conpositions are

- particularly suitable for use as a pfjnmer coating on substrates such as
concrete and steel. A preferred coating or overcoat |ayer to be wused on

top of a pekiRgex,FRbiuien)) Axdhg an EBVIliondso g (hbasedaerrding weASTMD coat ed

o, ) R sl REARETE il AR R 7
steel, Is (@anioket 1)@sibNtoanitingrwithathe yuring hgent. The viscasiiiof thee mixtuze waoat i ngs

of this invention be applied an d_at i.ent .t rangi ng
Fr om aboLiTegu%s BAGCHY BEeS B MRePURgal aer an SfORIopy Srorer; pyodine

pref esr ed. thé redli@d raatbunt bes solvsr bieng f aB0/50 (wv) hdutaroteylens mikture.
tenperatures up to 100C or greater. The invention is illustrated by the
follow ng non-limting exanples. 25 Exanples Stoichionetric anmounts of
comer ci al | gompéidnhl € pol yam de curing agents (Conparative Exanples A and
B), and a curing agent conposition (deri v?,d ;nbom t60/ 40% by wei ght
dimer/trimer fatty acid m xture obtained BERPEMEIL aci d f eedst ock) 30
(Exanpl e COER®IHE $001978%%paxy wexyddrie)of trined0 fatty triam ne, 54% by

wei ght of imer fatty diam ne, and 17% by weLght of oligomeric fatty am ne
(ol d8ul ar MWEFHht  (wei ght average) of 1,500 %ﬂet erm ned by high

t enper at ur Vgl iIStupReREE PAIBK) usi ng an Agid7elmt 6890, U tinetal Sindist
colum (length 5 m 1.d 0.53 mnmm O = 0.17 pm at an oven 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 1001 (bi sphenol -A type epoxy UQ 51017 11 resin

ex, Resolutionrhavingan—ERWN480-g-frrasured—accordirg—to—ASTHW D
(1652- 67)| TePRe ﬁ;edﬁ‘fr%@fﬁer. The&p E@%I‘:Hylml was dil uted with sol vent
(Conpondnt ™) prior to mxing wit® the"@Mtihg age‘r’{f"f”"f%eea{/? Scosity of the
m xture lwas reduced to 40-50 ni¥eledt | sMlakured at 23C on a Brookfield
vi sconetler, by]|addi ng Viscosity Solids | Potlife

{mPa.s at 23°C) {%) {days)
A Versamide 115-type 44 50 45 37 3
{Compar polyamide {70% in
ative) xylene}
) Versamide 125-type 54 375 50 6 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).



5 the requprseghzanount of a solvent blend of a 50/50 (v/v) n-butanol /gy h@Rexos

.m Xture.

Conmponent 1 Parts by wei ght
- 100,10 Xyl ene 51 Met hyl

i sobut yl

EPI KOTE 1001 (75% epoxy in xyl ene)
ketone (M BK) 37.5 Exanpl eCuring

agent PartsParts by no. byWei ght Formul gf ed cl ear | aquer Wei ghtsol vent

Vi scosi t ySol i dsPot

life (mPa.s at 230C) (% (days) AVersam de

115-typed445045373 ( Conpar pol yam de (70% in ative)xyl ene) BVersam de
125-type5437. 550463 ( Conpar pol yam de ative) CDiner fatly
di am ne/ Tri mer 42-4253>3 fatty trlam neldigonmeric fatty amne 15 The filns

wer e codit edanpiei @ gl ass and netial Dbisowswetgn glassbyer| iEgpm wekon @etalover ni ght  at
23C, 50% repjati e humdity, and the following tests perforned;| (i) hardness
_(ﬁg_cgregit frg—t ;Cf\?(TX';ML‘r%Gg)?,M)( F ki h.uﬁe)as ;I?lusiagyl MO Hafig~ P Mphdt O23) . 20 (iii)
i ndi [ v [ ryin
recor der f[rgm Byk- Gardner). UQ 51(ﬂ7 12 E(io% c?lg%rdéér%\ r&E:"@cr? g?/asgwo pm
wet on netal no. iGsstuni -om
A Versamide 115-type 89 1231124 >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 % 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.




. Koni.g har dapseér ossKoni gl npact (s) 200/ 60hardness(indirect) (gloss 04 may 2606
©.unit)(s)(Kg.cm AVersam de 115-type89123/12496>200 (Conp) pol yam de (70% in
- xyl ene) BVersam de 125-type7478/100145>200 ( Conp) pol yam de CTri ner
- fatty99168/145160>200 triam ne/ A igoggric amne 0 4 MAY 2005 Exanpl e
no. Drying recorder 76 pmwet (hours) Stage OStage 1Stage 2Stage 3Stage 4
AVer sam de @¢ilLamgprev3% 45-67-8>12 (Conp) pol yam de (70% i n xyl ene)
BVer sam de 125-type% 146-78) 4- 9>12 ( Conp) pol yam de CTri ner
fatty%d-22Y2-3510-11 triam ne/digomeric amne Stage 0: leveling, Stage 1:
basi c traceq Sha88ting cdrmpodtiBHicbfpAsSing 8ha@exyresiiiindaceuringagent St age 4: Dry

10 The above exanples illustrate the inproved, properties_of coatin
conpositi on aG¥BRRINgGNhe WQQHP&%pé&% W ie .toﬁéra@%@%yi%r@ma%go 4

MAY 2000 1. A fehighér SGEER, D5 5135 HveighGr Bieiianyriamine) and 80ao cut | ng
onprising i'n the range from o)
t gt r am negp 60% by weight of dimger fatty diamine, all based an tﬁgio‘cl]gtwe?ghtto?ut%%egr fatty
fatty tetramines and higher oligomers, trimer and dimer fatty amines present in

the curing agent.

- 10 2. A composition according to claim 1 wherein the epoxy resin has an epoxy
equivalent weight in the range from 160 to 4000 g.

3. A composition according to either one of claims 1 and 2 wherein the trimer fatty
triamine is a trimer of Cyg to Csp alkyl chains.
15
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



. 5 and hi ghgs@l7 goners, 25 to 35% by weight of trinmer fatty triamhé mengdis
50 to 60% by weight of diner fatty diamne, all based on the total weight
~of tetraner fatty tetram nes and higher oligoners, triner and dimer fatty
~amines present in the curing agent.4410 2. A conposition according to claim
1 wherein the epoxy resin has an epoxy equivalent weight in the range from

160 to 4000 g.yeightdf apiaIdaty) digminas aiPbalieddrnithe eotbhesighitros teifarer fattys 1 and 2
wherein the triner fatt%Ptria\mneiEr,aertr' of Cl0 .to C30<’i1 chai ns.

. . r L kyl
15 4. A conpodpiraminesapd PignREoHIoMe s e [atly Anines prgses \‘/Wé?ei n the
oligoneric falyfiNg aGEME ahd (ArandddiRABIrepoRky RN Siatigg fayer, differentdmont the of C10
to C30 al kyl chains. 20 _S?ﬁ*@n %Qx% rgsi n cured wth a curing agent
conpri sing i n RIMEr layepOPtictaly LAMPYSNg §I8Thy wei ght of tetramer fatty
tetragi nes and higher oligoners, 25 to 35%by weight of trimer fatty
triamne, and 50 to 60% by weight of diner fatt i.amne, .all based on the
total wei gk o°fStﬁ@'tsr@ﬁﬁ?tefcg?wq't"&'[(ﬁérﬁrﬁ%?'W%ﬁ‘fﬁ}?ﬁé\:onb?icagtf@rs, trimer and
dimer fatty ardoRfs@ibRsembrisifg kepexiiesio angenduring agént coneprising imfhea curi ng
agent conprising in the range fro) to 209% ight of . .tetraner fatty
tetranines andapggyliep 1(9ItPé@?ﬁa%?’egﬁ&%&et@ﬁ%f?gm\{%ﬁﬁn%a"[drrf'%,\eﬁ' fatty
triamne, and digoiners088adys%aiyigittiof dinterathyedriamnirds, anil 56 to 60% byased on t he
total weight of ‘tetraper fatty tetram nes d, hi gher, oli rimer and
di mer'® 30 fat t%'%%@@%ﬁ%@é&%mﬂﬁ' ?ﬂgésﬁﬁ’rQ% eé‘g@ﬂ‘l’e'%t °£6‘%%r'@e{§§%‘8}oxy resin.
7. A concr et e tghipine8hAd BRMEEElgieRs, (tfimeeant dimer fagawinégapmmn e a
coating conposition co .Sin epo resin a curin
conpri sing i n QHAY aﬂ%’ﬁggﬂ b@ﬁp%ﬂgﬂgnagaé&g{}e%prdﬁy%%hﬁgﬁ F‘?ﬁ}s&%ﬁﬁéty
tetram nes anq%)k@jrgher 35 oligoners, 25 to 35% by weight of trimer fatty
triamne, and 50 to 60% by UQ 51017 0 4 MAY 2006 14 weight of diner fatty

diam ne, all based on the total weight of tetranmer fatty tetram nes and
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