CURI NG AGENTS FOR EPDXY- FUNCTI ONAL COMPOUNDS The present invention rel ates
to am ne-functional curing agents for epoxy-functional conpounds. In this
context, am ne-functional means conprising one or nore -NH or -NH2 groups.
The present invention also relates to the application of such am ne-epoxy
systens in coating conpositions and to substrates coated with such coating
conpositions. 10 Sone of the am ne-functional conpounds that can be used to
cure epoxy-functional conpounds are associated with health and
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Addi tionally, am ne-functional conpounds may be sensitive to the prevailing
envi ronnental conditions, such as humdity and carbon di oxide, during the
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Anot her “consequence of the reaction of the am ne-functional curing agent
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and thus is nore robust to the environnental conditions during the cure.
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obt ai n a cuonjunctigrewith $eghuburoidityi t h a vi scosity suitable for application
by conventional techniques. Wen this reaction product is used in a coating
conposition, it will introduce a relatively |large anmount of volatile

or gani ¢ conpounds, which increases the WC (vol atile organic content) of the
conposi tion. WO 02/074832 di scl oses adducts of polyal kyl ene gl ycol

nono- gl yci dyl ether and am ne-functional conpounds. This docunent states

t hat the obtai ned adducts have conplratively |ow viscosities. Despite the
fact that | ow nol ecul ar wei ght species can be obtained by the reaction of a
nono- epoxy-functional conpound with a pol yam ne, systens containing such
reacti on products have di sadvantages. Firstly, because of the size of the
nol ecul es and the fact that they will not be polyneric, the materials are
nmore |likely to be biologically active and may thus cause health and
environmental problenms. If only a small anpbunt of epoxy is reacted with the



functional conpound with an acrylic acid or an ester of an acrylic acid. In
US 3, 247,163 am ne-acryl ate adducts are described, as well as the use of

t hese adducts to cure pol yepoxi des. JP 2000281759 di scl oses curing agents
obt ai ned by addition pol ycondensation of a (nmeth)acrylic al kyl ester with
an alicyclic 5 diamne. DE 1 072 805 describes curing agents for epoxy
systens prepared by reacting aliphatic polyamnes with acrylic acids or
with acrylic esters. In practice it has proven difficult to prepare good
quality curing agents with a | ow nol ecul ar wei ght when reacting a pol yam ne
with an acrylic acid. Wien a to relatively snmall anount of an acrylic acid
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above- nenti d prior art. Especially the ¢ J: i i to
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can be obt aitigévhepstheprogustdhas %fsuﬁrﬁ@"ﬁyﬂ%f“qlﬁwgf@ﬁhﬁ g’ g%ﬁ?i%rgg by
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epoxy conpound W th an am de obtai nabl e by reacting one or nopre

ani ne- f unct iisomeduikedso @bin hanauigg 2agant nasletion\mityr 8- WeosEY 8P {9 one or
nore ail unsaturated acids and/or one or nore a-f3 unsaturated esters, or
by any other preparation nethod resulting in the sane end product.
Typically, am des are formed by reacting the am ne functional conpounds and
the acids and/or esters at a tenperature above 160 e.g. 180 C or higher.
The curing agent nay have one or nore am de
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5 groups. Optionally other conmpounds may be added to the reaction. An

am ne-functional conpound having 2 or nore -NH or -NH2 groups will also be
referred to as a "polyam ne'". A conpound containing one epoxy group wll

al so be referred to as a "nono-functional epoxy conpound”. 10 The conpounds
of the present invention show the advantages that were ainmed for. They can
be used as curing agents for epoxy-functional conpounds and for systens
conpri si ng epoxy-functional conpounds. It was found that the curing agents
according to the present invention are resistant to am ne bl oom 15

f or mati on appglication by condentionehidichniqueas. dWhémthis ergetiompradechisdiseddn ahum dity.
When curin nts ac ordin to the present jnvention are ed to. cure
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and at relative humdities in excess of 60% The curing agents have a 20
suf ficient PWPBW'%I ecul ar weight to ensure that no or only a small anount
of orgapic solvent is required to obtain a curing agent with a sufficiently
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di arni ne, thexybipirexdenetivark mey 124 kensatisfacerlyi $hé¢ arossAlotkedéngity may be

cycl ohexyl am ne. Very suitable polyam nes, are aliphatic am nes,.such as
Yot by RBRBHOIRARE tHrativer S 25ererhin fardagn el ar s RRBIEY ghiy
sui tablg pehyABanessistafcd idrdarRP BitRr Nddiing | [FB&RS thétols BXeRdeat Mpsk! yI ene
diamine and 1 ,3-bis am no net'hyl cyclohexane. As exanples of suitable
a- | 3 unsat adeguale aetvwsk daveleements, the fol | owi ng conpounds can be
mentioned: acrylic acid, nethacryllc acid, nethyl nmethacrylate or simlar
nmet hacryl ate esters, nethyl acrylate or simlar acrylate esters, maleic
acid or annyldtﬁedexammleecbfca lexiver way faiaBirincarinedusing agentsraf evhisht pars of and
crotonic aﬁ&ﬂ and g onic aC|d stggs. As exa H%% f suitable .

mono- f unct FhAMBSTIRFICRAL JIRKRS Neh PERE PERIGRT o B on &8 o FIMIRENt i oned:
nono-functional glycidyl ethers, such as butyl glycidyl ether, hexyl

gl ycidyl ether, cycl ohexyl egcidyI et her, 2-ethyl hexyl 10glycidyl et her,
Cl12-Cl14 al kyl glycidyl ether (epoxide 8), gresyl glycidyl ether, and phenyl
gl ycidyl ether. Wen the am ne functional conpounds and the unsaturated
acid or ester conpounds are reacted at an el evated tenperature, the am ne
groups do not 15 only react wth the double bonds but also with the acid
groups to formam de groups. Wiereas the reaction of an amne wth an
activated double bond is very rapid already at anbient tenperatures, the
reaction of an amine with a carboxylic acid or ester group is nuch sl ower

and typically requires processing at tenperatures in excess of 160 C, e.g.,
180 C or higher, or other nmeasures



20 with the sane effect. This way, the unsaturated acids or esters are used
as di-functional conpounds, rather than as nono-functional conpounds as is
the case in, e.g., EP 0 709 418. The nono-functional epoxy can for exanple
be added sinultaneously or it can 25 be added before or after reacting the
pol yam ne with the unsaturated acid and/or ester, for instance after the
reacted m xture of am nes and unsaturated acid and/or esters has cool ed
down to a tenperature below 100 C, e. g 75 - 85C, e.g. about 80 C, The

f t I d di th [ h
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aci d(s) mnddiemires D& | I72H05 dzeecubesarwrwg%gmtﬁofor @ReXY BPAMBPEBRAreELRbound(s)

wh %is 100 multiplied b h di vi ded b
the total wsrGHto BIPrALE epFares mAFUR o ot AR ARET Ll o el ably, the

rati os of the reactants are 65 to 70 wt%polyam ne(s) to 12 to 15 W% a-P

unsaturated acid(s). and/or ester( ujt) and 25 t th o-functi.onal epoxy
conpound( s) 1N RAEHEE isi RFOYYD diilg tﬁlﬁrélaarﬁﬁ‘{%eqkﬁi Vgﬁ't""t?f a%er5§ ven Tonponent
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am ne-functional conpounds according to the present invention can be
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mono- f uncti %Ive%ﬁ?ﬁ&tr@@”ﬂ@&ﬂé’rﬁaﬂl)y; tHehlevemBkctiar Siveig]ﬁ amd| Higtpfree cantige t he
nunber of noles of a given conponent divided by the tot aldeny\}Fer of nol es
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total nunber of noles he initi aI ch | ecul ar
wel ght " oy tsrcuig amnieant Bie Pt VieGhihHencel Ms POk Y BiEE 8L
invention Whigtd efui/afdHckaBtie of thes polgammexand mecmrgolrmbcudcmprmmS:uuag be 200
- 1000, and preferably is 300 - 500. Nunber average nol ecul 'B%Eﬁgﬁ

er

number s 28anages aex ghisined that arg egistiandde AR BlooMiormeliqnA

di stributi gg sfu'ﬂ‘ﬂ:fetn'tl ri'ow Ich.ﬂ?tJ \%e{ !ooéhsru?étﬂét'rﬁgoﬂ dhly Bepiaitdre@bntfofgur es
for the nunber aver ecu I ght. The nitrogen equival ent weight of
t he ani ne- furganlcoaalh/entorspmmMsd alocobtdimg @tmnghegentewélma sHifisienlvdowhi ch are
suitable to gur e epoxy functional conpounds 10 normally is in the range of
50 to 250 gM¥6PS Wor ef er ably 75-225 g/nol, and even nore preferably 100- 200
g/ mol . The nitrogen equival ent weight can be determ ned by titration. The
nitrogen equi val ent wei ght ran es I ndi Cﬁ%ﬁd above concern tEe titratable

ni troge®Sat &Fs0 709 @A 6’!?@'%“? st eySIfRRIP  AIRINE PN AFRIN AT YE dbr di ng to
the present o Ry&ihd todfifgsd SER Eﬁ’rrr@ @Baftecan TRl thel AdRbol Prodgt agest system

that can be used as curing agent for an epoxy system the CUI’I n ent
syst em nor nahline, congpaxydunctiopabpeolyether and g W@Rhﬂ?tq PRy AW 6@39
according to the and
optionally &" caaq%l'gfg’?eer%fhagc%v?é?g%ls?&em %&a@rit orrru at 'rehdﬁ{aé%(ﬁrebléfﬂﬁ%ﬁl onal
conpound aceptd awylicccdnippupt earehhoti withetheiasid fanetienadityl whicts wooldrequirei se at
roomtenperature. Polyamnes with a viscosity in the range of 10 - 100

poi se can be readily formulated to give curing agents with a viscosity <10
poi se at roomtenperature that can be used to fornulate coatings with a
vol une solids content of >75% The figures of these viscosities are
determ ned as high shear viscosities neasured with a
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cone and pl ate visconmeter. 1-Ugh shear viscosities can, for exanple, be
measured using a high shear visconeter in accordance with ASTM 0 4287 00
with a shear rate of 10000- 12,000 s-1. Optionally, a curing agent system
according to the present invention conprises a catalyst. As exanpl es of
suitabl e catal ysts can be nentioned nonyl phenol, salicylic acid, tris

(di met hyl ) - am nonet hyl phenol, diazabycyclo octane, diazabicyclo undecene,
wat er, ammoni um thi ocyanate, lithiumtetrall uoroborate, potassium

t hi ocyanate, sodiumtetrafluoroborate, |ithium 10 benzoate, lithium

| act at e, | prddesschyditions dith highehtamperetergd. dbetpaeseatce, of palyethemchains at e,
l'ithium penhlorate, . lithiumformate, lithiumthioc ate. potassium

et raf | uor Bt deSiliast el HERPAT et ed Allach PR TIE: PuerobErSel

pot assi um bhdgegyenate, lithiumlactate, |ithium hydroxide, |ithium
benzoate, and water. 15 Coating conpositions can be prepared which conprise
an am ne-functional curing agent or curing agent system according to the
present :i nyent.i z t d coating
CONMpPosi t5i o\r%mg?%%i@é@gcu%ed%ﬁgg%ﬁfwg@gﬁgidonﬁﬂgilétneae wat e?%ez%-h@gr ne or
sol vent botemepemtirewpupledpyiinsz hight relatime dumidjtyrdacexisll Vepicallypthefseragl y, t he

coating co sitio COonprise one_or re organic _solv Y
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conpri si ngfarnaidehgtby ama tpolyathiné<oguichans Cethgleventdiantinsedvbilstt thestot al
coating conposition. The coati I’_l\(7:] conposition of .the present jnvention
pr ef er abl y MaHRIE 88 be VRIY Alteciveylays "&p‘?fﬁﬁﬂ’f%ﬁt‘”'(g/&g"téft e¥ s 430
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low temperature and with which a cured system with good colour stability can

be obtained.

25

The object of the present invention is achieved by using a curing agent which

can be prepared by reacting a mono-functional epoxy compound with an amide

obtainable by reacting one or more amine-functional compounds having 2 or

more -NH or -NH, groups with one or more «-f unsaturated acids and/or one or



The coating conpositions of the invention generally cure at anbient
tenperatures, for exanple tenperatures in the range fromO to 30C or even
to 50C, and thus are suitable for application to | arge structures where
heat curing is inpractical. The coating conpositions of the invention
alternatively can be 25 cured at el evated tenperatures, for exanple
tenperatures in the range from 30C or from50C to 80C up to 100 or 130C, to
speed up the curing. The coating conpositions of the invention in general

can be used as fini sh, coati and{ or_ pr] i lane
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viscosity. Another advantage of the compounds according to the present

invention is that high solids coating compositions comprising one or more
curing agents according to the present invention and one or more epoxy-

25 functional compounds can be prepared, which also show no amine bloom when
cured at temperatures of 10°C or lower and at relative humidities in excess of
60%.
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15 m xture was cooled to 80C and butyl glycidyl ether (BCE) (434.2g, 3.34
nol ) was added over two hours while the reaction tenperature was nai ntai ned
at 80C. Once all the butyl glycidyl ether had been charged, the reaction
tenperature was mai ntained at 80C for a further two hours before the
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major advantage of the compounds of the present invention is that they can be
used to prepare a high solids epoxy system that cures at a low temperature and

shows good colour stability.

15  Amine-functional compounds suitable for the preparation of the curing agents
according to the invention are for example: ethylene diamine, 1,3 propane
diamine, 2,2-dimethyl-1,3-propane diamine, 1,4-butane diamine, 1,6-
hexamethylene diamine, 2,2,4-trimethyl hexamethylene diamine, 1,3-pentane
diamine, 2-methyl-1,5-pentane diamine, diethylene triamine, triethylene

20 tetramine, tetraethylene pentamine, pentaethylene hexamine, piperazine,
aminoethyl  piperazine, m-xylylene  diamine, 1,3-bis-(aminomethyl)
cyclohexylamine, isophorone diamine, 4,4-methylene bis cyclohexylamine
Prefered di-amines are 2,2-dimethyl1,3-propane diamine, 2,2 4-trimethyl
hexamethylene diamine, 2-methyl-1,5-pentane diamine, m-xylylene diamine,

25 and 1,3-bis-(aminomethyl) cyclohexylamine. Very suitable polyamines are
aliphatic amines, such as trimethyl hexamethylene diamine and 3-methyl-1,5-
pentane diamine. Highly suitable polyamines are ring-containing diamines, for

example m-xylylene diamine and 1,3-bis amino methyl cyclohexane.



25:C] vt%rog. KOH ol | 424 8.2 653 3.5 387 552 886 2 Fromthe deternined
physical properties it is clear that the am ne-functional conmpound prepared
according to the present invention has a |ower viscosity than the
conparative am ne-functional conpound despite both materials having

equi val ent degrees of polynerisation and sim|lar nol ecul ar weights.
Exanples 2 to 6 preparation of amne-functional conpounds according to the
i nvention using several types of am ne-functional conpounds having 2 or

more -NH or, -Nl -k groups .An ne-functi d c i t he
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esters, maleic acid or anhydride, maleic esters, fumaric acid and fumaric

5 esters, and crotonic acid and crotonic acid esters.

As examples of suitable mono-functional epoxy compounds, the following
compounds can be mentioned: mono-functional glycidyl ethers, such as butyl
glycidyl ether, hexyl glycidyl ether, cyclohexyl glycidyl ether, 2-ethylhexyl

10  glycidyl ether, C1-C14 alky! glycidyl ether (epoxide 8), gresyl glycidyl ether, and
phenyl glycidyl ether.

When the amine functional compounds and the unsaturated acid or ester
compounds are reacted at an elevated temperature, the amine groups do not

15  only react with the double bonds but also with the acid groups to form amide
groups. Whereas the reaction of an amine with an activated double bond is
very rapid already at ambient temperatures, the reaction of an amine with a
carboxylic acid or ester group is much slower and typically requires processing
at temperatures in excess of 160 °C, e.g., 180 °C or higher, or other measures

20 with the same effect. This way, the unsaturated acids or esters are used as di-
functional compounds, rather than as mono-functional compounds as is the
case in, e.g., EP 0 709 418.

The mono-functional epoxy can for example be added simultaneously or it can

25 be added before or after reacting the polyamine with the unsaturated acid
and/or ester, for instance after the reacted mixture of amines and unsaturated
acid and/or esters has cooled down to a temperature below 100 °C, e.g. 75 —
85 °C, e.g. about 80 °C.



Am neAcryl i cBGE Acid LA1(9) 1wt 1Fwt Ph sical ro serres
Am neVi scosity' Value [ng[Poiseat KOH I1125CL NVC t% Exanple 2
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The amine-functional compounds according to the present invention, which are
suitable to cure epoxy-functional compounds, can be prepared by reacting 50
to 80 wt% polyamine(s) with 7.5 to 17.5 wt% o-p unsaturated acid(s) and/or
ester(s) and 10 to 50 wt% mono-functional epoxy compound(s), where wt% is
5 100 multiplied by the weight of a given component divided by the total weight of
material in the initial charge. Preferably, the ratios of the reactants are 60 to 75
wt% polyamine(s) to 10 to 16 wi% o-p unsaturated acid(s) and/or ester(s) and
20 to 40 wt% mono-functional epoxy compound(s), where wt% is 100 multiplied
by the weight of a given component divided by the total weight of material in the
10 initial charge. Most preferably, the ratios of the reactants are 65 to 70 wt%
polyamine(s) to 12 to 15 wt% o-f unsaturated acid(s) and/or ester(s) and 25 to
35 wt% mono-functional epoxy compound(s), where wt% is 100 mulitiplied by
the weight of a given component divided by the total weight of material in the
initial charge.
15
The amine-functional compounds according to the present invention can be
prepared by reacting 40 — 90 mol% polyamine(s) with 5 — 50 mol% a-f
unsaturated acid(s) and/or ester(s) and 5 — 55 mol% mono-functional epoxy
compound(s), where mol% is 100 multiplied by the number of moles of a given
20 component divided by the total number of moles in the initial charge. Preferably,
the ratios of the reactants are 45 — 75 mol% polyamine(s) to 10 — 40 mol% o-f
unsaturated acid(s) and/or ester(s) and 10 — 40 mol% mono-functional epoxy
compound(s), where mol% is 100 multiplied by the number of moles of a given
component divided by the total number of moles in the initial charge. Most
25 preferably, the ratios of the reactants are 50 — 65 mol% polyamine(s) to 15 — 30
mol%a-B unsaturated acid(s) and/or ester(s) and 15 - 25 mol% mono-functional
epoxy compound(s), where moi% is 100 multiplied by the number of moles of a
given component divided by the total number of moles in the initial charge.

9



_ Exanple 4 Dytek EP3 ---TMD4 204 316 284 232 72.0 72.0 72.0 72.0 130.0
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The number average molecular weight (Mn) of the amine-functional compounds
according to the present invention which are suitable to cure epoxy-functional
compounds can be 200 - 1000, and preferably is 300 - 500. Number average
molecular weight numbers can, for example, be calculated from a simplified
5 Stockmeyer distribution function, said calculation resulting in theoretical figures

for the number average molecular weight.

The nitrogen equivalent weight of the amine-functional compounds according
to the present invention which are suitable to cure epoxy-functional compounds
10 normally is in the range of 50 to 250 g/mol, preferably 75-225 g/mol, and even
more preferably 100-200 g/mol. The nitrogen equivalent weight can be
determined by titration. The nitrogen equivalent weight ranges indicated above

concern the titratable nitrogen atoms.

15 When one or more amine-functional compounds according to the present
invention are used to prepare a formulated curing agent system that can be
used as curing agent for an epoxy system, the curing agent system normally
comprises:

e one or more amine-functional compounds according to the present

20 invention,

» organic solvent and/or water, and

e optionally a catalyst.

The viscosity of an unformulated amine-functional compound according to the
25 present invention preferably is 10-100 Poise at room temperature. Polyamines
with a viscosity in the range of 10 — 100 poise can be readily formulated to
give curing agents with a viscosity <10 poise at room temperature that can be
used to formulate coatings with a volume solids content of >75%. The figures

of these viscosities are determined as high shear viscosities measured with a

10
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cone and plate viscometer. High shear viscosities can, for example, be
measured using a high shear viscometer in accordance with ASTM D 4287 00
with a shear rate of 10,000 — 12,000 s™.

Optionally, a curing agent system according to the present invention
comprises a catalyst. As examples of suitable catalysts can be mentioned
nonyl phenol, salicylic acid, tris (dimethyl)-aminomethyl phenol, diazabycyclo
octane, diazabicyclo undecene, water, ammonium thiocyanate, lithium
tetrafluoroborate, potassium thiocyanate, sodium tetrafluoroborate, lithium
benzoate, lithium lactate, lithium hydroxide, lithium acetylacetanoate, calcium
nitrate, lithium perchlorate, lithium formate, lithium thiocyanate, potassium
tetrafluorborate. Preferred catalysts are sodium tetrafluoroborate, potassium

thiocyanate, lithium lactate, lithium hydroxide, lithium benzoate, and water.

Coating compositions can be prepared which comprise an amine-functional
curing agent or curing agent system according to the present invention and

one or more epoxy-functional compounds.

The coating compositions according to the present invention can be water
borne or solvent borne and may comprise water and organic solvent.
Preferably, the coating compositions comprise one or more organic solvents;
more preferably, the coating compositions are high solids compositions
comprising no or only up to 20 wt% organic solvent, based on the total coating
composition. The coating composition of the present invention preferably
comprises a volatile organic content (VOC) of less than 430 grams per litre of
organic solvent. More preferably, the coating composition comprises a VOC of
less than 340 grams per litre, even more preferably a VOC of less than 250
grams per litre. The solids content of a composition according to the present

invention preferably is higher than 60% by weight, more preferably higher than

11



Dyt ek A6 - SGE stands for butyl glycidyl ether z MXDA stands for

m xylyl ene di am ne 153 Dytek EP is comrercially available 1, 3-pentane
diamne 4 TMD stands for 2,2,4 trinethyl hexane diamne 5 1,3 BAG stands for
1, 3-(bis am nonet hyl) cycl ohexane 6 Dytek A is conmrercially avail able

2-met hyl - 1, 5- pent ane di am ne 7 Al viscosities were
measured at 25C, unless otherw se indicated 20NVC i s non-vol atil e content
To denonstrate the utiIity of the am ne-functional conpounds according to

the inventi S Ccuri.ng d di h
liquid epoﬁl/f’a%\f Hvqué Boﬁlf%@aﬁl& l939Q\’Req)('&]rﬁ\/ve|Bgl¥1\@§rOQ]t ?h?; sdtﬁ%lth tﬁat

there was lco%@ihg‘cemboﬂﬁon_am ne curing agent to 1 epoxy group per epoxy
resin. The cure speed was assessed using a "BK Dry Track Recorder” in
accordance wi th ASTM 5895, The results illustrate that the

am ne-f unctbgngly EOMBOASIS Ae6QEHgNE ke tpiesekd intadiohi ataycesmprisee at he epoxy
resin faster than the conparative corrﬁound Exanpl es 7- 2? Pro rati on of
%

an arriid e-dajaipst J&Iﬁftiatt@bﬁp‘%ﬁjhbadl%tr th?chrtﬁ‘gt?ﬁ?ﬂt SYalst of s Foa H"igf f er ent
ratios of T &nildsin” RARABSAN or al@md H%Oﬂhle (@5ABRIBAn Ik Bpake L hat

the ratios % e am ne- t1ona oun to t he ot-c3 unsaturated
aci d(s) andsfahe palnébgsy. to the nono-functi onal epoxy corrpound can be
readily altered to fornulate curing agents with tailored properties.
Further, it is also denonstrated that it is possible to alter the

mono- f unct i ﬂ'?@'coﬁﬁ’r%)éoﬁﬁﬁﬂ%ﬂﬁoﬁmb irveAtidn ey Eantainesne opmoarenfertber i n
specific properties such as viscosity.
10  ingredients. They may contain on€ or more pigments, for example titanium
dioxide (white pigment), coloured pigments such as yellow or red iron oxide or
a phthalocyanine pigment and/or one or more strengthening pigments such as
micaceous iron oxide or crystalline silica and/or one or more anticorrosive
pigments such as metallic zinc, zinc phosphate, wollastonite or a chromate,
15 molybdate or phosphonate and/or a filler pigment such as barytes, talc or
calcium carbonate. The composition may contain a thickening agent such as
fine-particle silica, bentonite clay, hydrogenated castor oil, or a polyamide wax.
The composition may also contain a plasticiser, pigment dispersant, stabiliser,
flow aid, or thinning solvent.
20
The coating compositions of the invention generally cure at ambient
temperatures, for example temperatures in the range from 0 to 30°C or even to
50°C, and thus are suitable for application to large structures where heat curing
is impractical. The coating compositions of the invention alternatively can be
25 cured at elevated temperatures, for example temperatures in the range from

30°C or from 50°C to 80°C up to 100 or 130°C, to speed up the curing.

The coating compositions of the invention in general can be used as finish

coatings and/or primer coatings. The coating composition can be applied

12
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directly to prepared carbon steel as a primer/finish, i.e. the composition can be

used as the only type of protective coating on a substrate.

The coating composition of the invention is preferably used as a protective
5 primer coating, particularly on steel surfaces, for example bridges, pipelines,
industrial plants or buildings, oil and gas installations, or ships. For this use it
is generally pigmented with anticorrosive pigments. It may for example be
pigmented with zinc dust; coatings according to the invention have a similar
anticorrosive performance to known zinc silicate coatings but are less liable to
10  mud cracking and can be readily overcoated, particularly with a polyurethane
or polysiloxane finish, for example a finish coat according to the present
invention. Primer coating compositions according to the invention can be used
as maintenance and repair coatings on less than perfect surfaces such as
aged blasted steel or "ginger" (steel which has been blasted and has started

15  to rust in small spots), hand-prepared weathered steel, and aged coatings.

Preferably, the components of a coating composition according to the present
invention are packed together as a so-called two-pack composition. One pack
comprises one or more curing agents according to the present invention, and

20 the other pack comprises one or more epoxy-functional compounds.

The invention will be elucidated with reference to the following examples.
These are intended to illustrate the invention but are not to be construed as
limiting in any manner the scope thereof. In the examples, pbw has the

25 meaning of parts by weight.

13
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Examples

Example 1
Preparation of an amine-functional compound according to the invention.

An amine-functional compound was prepared by reacting a diamine with acrylic
acid and a mono-functional glycidyl ether.
m-Xylylene diamine (MXDA) (656.9g, 4.83 mol) was charged to a 700 ml
reaction flask fitted with a stirrer, condenser, Dean & Stark separator,
10 thermocouple, and N, sparge. Acrylic acid (AA) (72.0g, 1.00 mol) was added to
the flask at such a rate as to maintain the temperature below 30°C. Once all the
acrylic acid was charged, the reaction temperature was raised to 180°C to drive
off the water of condensation. The reaction temperature was maintained at
180°C until the acid value of the intermediate was less than 5. The reaction
15  mixture was cooled to 80°C and butyl glycidyl ether (BGE) (434.2g, 3.34 mol)
was added over two hours while the reaction temperature was maintained at
80°C. Once all the butyl glycidyl ether had been charged, the reaction
temperature was maintained at 80°C for a further two hours before the reaction
product was cooled to 40°C and discharged. The product was a clear mobile

20 liquid of low viscosity (8.2 poise at 25°C).

Comparative Example 1
Preparation of a comparative amine-functional compound.

25  An amine-functional compound was prepared by reacting a diamine with a di-
functional glycidyl ether and a mono-functional glycidyl ether.
m-Xylylene diamine (656.9g, 4.83 mol) was charged to a 700 ml reaction flask
fitted with a stirrer, condenser, thermocouple, and N, sparge, and the
temperature was raised to 80°C. Hexanediol diglycidyl ether (230.0g, 1.00 mol)

14
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was added to the flask at such a rate as to maintain the temperature at 80°C.

Once all the hexanediol diglycidyl ether had been charged, the reaction

temperature was maintained at 80°C for a further two hours. Butyl glycidyl ether

(434.2g, 3.34 mol) was added over two hours while the reaction temperature

was maintained at 80°C. Once all the butyl glycidyl ether had been charged,

the reaction temperature was maintained at 80°C for a further two hours before

the reaction product was cooled to 40°C and discharged.

Physical properties of the amine-functional compounds prepared in Example 1

and in Comparative Example 1

The physical properties of the amine-functional compounds prepared in

Example 1 and in Comparative Example 1 are tabulated below.

Amine Value [ Theoretical | Viscosity | NVC' Acid Value
Amine Value | [poise at
[mg.KOH.g"] | [mg.KOH.g'] | 25°C] Wt%] | [mg.KOH.g']
Example 1 420 424 8.2 85.3 3.5
Comparative
Example 1 373 387 55.2 88.6 3.2

"NVC is non-volatile content

From the determined physical properties it is clear that the amine-functional

compound prepared according to the present invention has a lower viscosity

than the comparative amine-functional compound despite both materials having

equivalent degrees of polymerisation and similar molecular weights.
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Examples 2t0 6

Preparation of amine-functional compounds according to the invention using

5 several types of amine-functional compounds having 2 or more -NH or -NH;
groups

Amine-functional compounds according to the invention were prepared by
reacting the amine-functional compounds listed in the table below with acrylic
10 acid and a mono-functional glycidyl ether. The physical properties of the

amine-functional compounds prepared are tabulated below in the same table.

Formulation Physical properties
Amine Amine | Acrylic [BGE' | Amine Viscosity’ | NVC®
Acid Value
[mg [Poise at
[wt(g)] |[wt(g)] | [wt(g)] | KOH.g] | 25°C] Wt%]
Example 2 | MXDA? 272 72.0 | 130.0 | 366.7 68.2 93.3
(at 35°C)
Example 3 Dygek 204 72.0 | 130.0 | 4723 214 77.9
EP
Example 4 | TMD® 316 72.0 | 130.0 | 337.2 81.4 89.7
Example 5 | 1,3 284 72.0 | 130.0 | 362.3 76.6 921
BAC® (at 45°C)
Example 6 Dg/tek 232 72.0 | 130.0 | 401.9 38.5 89.0
A

BGE stands for butyl glycidyl ether

2 MXDA stands for m-xylylene diamine
15  * Dytek EP is commercially available 1,3-pentane diamine

* TMD stands for 2,2,4 trimethylhexane diamine

% 1,3 BAC stands for 1,3-(bis aminomethyl) cyclohexane

% Dytek A is commercially available 2-methyl-1,5-pentane diamine

7 All viscosities were measured at 25°C, unless otherwise indicated
20 ®NVC is non-volatile content

16
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To demonstrate the utility of the amine-functional compounds according to the
invention as curing agents, each of the compounds was mixed with a liquid
epoxy resin (DER331 ex Dow Chemicals) in a weight ratio such that there was
1 active H per amine curing agent to 1 epoxy group per epoxy resin. The cure

5 speed was assessed using a “BK Dry Track Recorder” in accordance with

ASTM 5895.

Compound BK dry tack results at 25°C | BK dry track results at 5°C
End Geltear | Endoftrack |End Geltear |End of track

[hours] [hours] [hours] [hours]

Example 2 3.25 4.5 8.25 >24

Example 5 3 3.5 7.5 10.5

Example 6 4.25 7.25 15.5 >24

Comparative

Example 1 4 5 11 >24

The results illustrate that the amine-functional compounds according to the

10 invention can cure the epoxy resin faster than the comparative compound.

Examples 7 - 25
Preparation of an amine-functional compound according to the invention using

different ratios of reaction components

15
The following examples illustrate that the ratios of the amine-functional
compound(s) to the a-p unsaturated acid(s) and/or ester(s) to the mono-
functional epoxy compound can be readily altered to formulate curing agents
with tailored properties. Further, it is also demonstrated that it is possible to
20 alter the mono-functional epoxy compound and to achieve further

improvements in specific properties such as viscosity.

17
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5.23 1,3 BAC stands for 1,3-(bis am nonethyl) cyclohexane $2 AA
stands for acrylic acid 3 BGE stands for butyl glycidyl ether 4 Epoxide 8
is C12-C 4 alkyl glycidyl ether Cainms 1. An am de conpound that is
suitable to use as curing agent for epoxy-functional conpounds, obtainable
by reacting one or nore conpounds 5 containing one epoxy group with one or
nore am des formed by reacting one or nore anine-functional conpounds
having 2 or nore -NH or -NI-12 groups with one or nore unsaturated acids
and/ or one or nore a-13 unsaturated esters. 10 2. A curing agent system

conpri si ng: 1.3 AA® BGE® [Epoxide | Amine NVC | Visc
BAC' 8 Value
[Poise
at 55°C]
Wt(g) | wig) | Wtg) |Wt@)] |[mgKOH.g" | [Wt%]
Example 7 56 10 34 378.8 87.48 | 4.78
Example 8 55 11 34 361.9 90.23 | 10.08
Example 9 60 15 25 3773 89.36 | 25.89
Example 10 70 15 15 458.9 78.87 | 5.69
Example 11 50 15 35 296.0 96.25 |[78.5
Example 12 60 13 28 388.8 87.08 | 11.67
Example 13 50 10 40 3271 91.75 | 11.77
Example 14 65 14 21 422.4 84.21 | 10.56
Example 15 70 15 15 455.9 78.17 |5.73
Example 16 62 12 27 405.3 82.93 [5.38
Example 17 50 35 15 293.5 72.93 | 76.7
Example 18 67 13 20 450.2 77.81 [3.98
Example 19 70 14 16 465.1 76.20 | 4.21
Example 20 50 10 40 330.3 91.32 | 10.87
Example 21 50 15 35 285.8 92.51 | 521
Example 22 50 10 40 348.2 80.53 | 2.36
Example 23 70 15 15 442.3 77.36 | 5.89
Example 24 60 13 27 387.0 81.22 | 5.58
Example 25 55 11 34 354.5 83.70 | 5.23

1,3 BAC stands for 1,3-(bis aminomethyl) cyclohexane
5 2 AA stands for acrylic acid

3 BGE stands for butyl glycidyl ether

* Epoxide 8 is C15-Ci4 alkyl glycidyl ether

18



a conmpound according to claim1l1, organic solvent and/or water, and 6
optionally a catalyst. 15 3. Use of a conpound according to claim1l as
curing agent for a system conprising one or nore epoxy-functional
conpounds. 4. A coating conposition conprising a conpound according to
claim1 and one or nore epoxy-functional conpounds. 20 5. A substrate
coated with a coating conposition according to claim3 or 4.

Claims

1. An amide compound that is suitable to use as curing agent for epoxy-
functional compounds, obtainable by reacting one or more compounds

5 containing one epoxy group with one or more amides formed by reacting
one or more amine-functional compounds having 2 or more -NH or -NH,

groups with one or more o-p unsaturated acids and/or one or more -3

unsaturated esters.

10 2. A curing agent system comprising:
¢ acompound according to claim 1,
¢ organic solvent and/or water, and

e optionally a catalyst.

15 3. Use of a compound according to claim 1 as curing agent for a system

comprising one or more epoxy-functional compounds.

4. A coating composition comprising a compound according to claim 1 and
one or more epoxy-functional compounds.
20

5. A substrate coated with a coating composition according to claim 3 or 4.

19



