AQUEOQOUS COATING COMPOSITION Technical Field [0001]The present invention relates to an
agueous coating composition. Background Art [0002]In recent years, from an environmental
standpoint, conversion of a solvent-based coating material into an aqueous coating material has been
socially required. Example of the aqueous coating material includes a two-component aqueous coating
composition containing an epoxy resin and a polyamine compound (Patent Document 1). The aqueous
coating composition may exhibit sufficient curability at a temperature equal to or more than a room
temperature, and may form a normal coating film. However, the composition is inferior in curability at a

low temperature (for example, abﬁ@b@:@i}&%ﬁ@fﬁé“éﬁ@ﬁﬁ@%%%e the composition is used at a

low-temperature place (for exampl€, outdoor in winter season), the composition involves such a
problem that it is difficult to exert inherent sufficient coating film properties. Prior Art Documents Patent
Document [0003][Patent Document 1] JP 11-166153 A Summary of Invention Problem to be solved
by the Inyention: [0O04Hhei present invention has been made to solve the above-mentioned
conventional problem, and an object of the present invention is to provide an aqueous coating
compositiér having excelient lpwstemperature surability. NMears; far sohving the=Breblems {3005]An
aqueous coating composition of the present invention

compesition.

Background Art

[o0G2] In recent years, from an environmental standpoint,
conversion of a solvent-based coating material into an agueous
coatingmaterial has been socially required. Example of the agueous
coating material includes a two-component aqueous coating
compesition containing an epoxy resin and a polyamine compound
(Patent Document 1). The aqueous coating composition may exhibit
sufficient curability at a temperature equal to or more than a room
temperature, and may form a normal coating film. However, the
composition is inferior in curability at a low temperature (for
example, about 5°C). Therefore, in the case where the composition
is used at a low-temperature place (for example, cutdoor in winter
season), the compesition involves such a problemthat it isdifficult

to exert inherent sufficient coating film properties.

Prior Art Documents
Patent Document

[0003] [Patent Document 1] JP 11-166153 A



includes: (A) a water-soluble or water-dispersible polyam ne resin having one or more primary amine
groups and/or secondary amine groups in a molecule; and (B) a compound having one or more
(meth)acryloyl groups in a molecule; in which: the polyamine resin (A) has an amine equivalent of 100
to 3,000, and the compound (B) has a viscosity at 25C of 3,000 mPa.s or less. [0006]In a preferred
embodiment, the aqueous coating compaosition is a two-component aqueous coating compaosition; a
base coating solution comprises the polyamine resin (A); and a curing agent comprises the compound
(B). [0007]In a preferred embodiment, the polyamine resin (A) is an acrylic polyamine resin or an
epoxy-basegpalyammerresin {Q0R8]In a preferred embodiment, the compound (B) has a molecular
weight of 150 or more and 2,000 or less. [0009]In a preferred embodiment, the compound (B) is a
water-solube tempoundgeaned the=polggmine: reciny éA)isanwater-dispersible resin. [0010]In a preferred
embodiment, the compound (B) is a self-emulsifying compound. [0011]In a preferred embodiment, the
compourd (B)i$ emulsifiddeor dispeesed byrthepolyamihe sesine@). [0012]Inta preferred erhbodiment,
the compound (B) is a mixture of a water-soluble compound and a non-water-soluble compound.
[0013]In@préferied pbodinent the eompolnt (B)lisan and an object of the present

invention is tc provide an aquecus coating composition having

excellent low-temperature curability.

Means for solving the Problems

[GOOD5] An agqueous coating composition of the present invention
includes: {A) a water-soluble or water-dispersible polyamine resin
having one or more primary amine groups and/or secondary amine groups
in a molecule; and {B) a compound having one or more {(meth)acryloyl
groups in amoclecule; in which: the polyamine resin (A) has an amine
equivalent of 100 to 3,000, and the compound (B) has a viscosity

at 25°C of 3,000 mPa-s or less.

[0006] In a preferred embocdiment, the aguecus ccating
composition is a two-component agueous coating composition; a base
coating solution comprises the polyamine resin {(A); and a curing

agent comprises the compound (B).

[0007] In a preferred embodiment, the polyamine resin (A) is

an acrylic polyamine resin or an epoxy-based polyamine resin.

[G008]) In a preferred embodiment, the compound (B) has a



emulsified compound. [0014]In a preferred embodiment, the curing agent further comprises an
emulsifier. Effects of the Invention [0015]The aqueous coating composition of the present invention
exhibits excellent low-temperature curability by containing: (A) a water-soluble or water-dispersible
polyamine resin having one or more primary amine groups and/or secondary amine groups in a
molecule; and (B) a compound having one or more (meth) acryloyl groups in a molecule. That is, when
the polyamine resin (A) and the compound (B) are used, the resin and compound becomes highly
reactive with each other to promote a reaction even at a low temperature. Therefore, an agqueous
coating ¢MResitian: h@gig?@cgh}erﬂégwggm%@u%gurzap@i@(} can beobtained. Further, a product
obtained by the reaction of the polyamine resin (A) and the compound (B) may have a structure
formed by crosslinking of the polyamine resin (A) by the compound (B) , and hence an aqueous
coating composition having excellent coating film properties can be obtained. Description of
Embodinentsd0016]A. Summary ¢ dgueeus caating tesmpositiohe  cchieagdeous)coatinga
composition of the present invention contains: (A) a water-soluble or water-dispersible polyamine resin
having onetrmerelphinary amimegrolps andfor sécondary aamine groupssinnra mdléculésand (B) a
compound having one or more (meth) acryloyl groups in a molecule, and the composition cures by the
reaction ‘o R pelyarmie idshe (Aearidithe compound (B) , to thereby obtain a coating film.
[0017]Theaqueouscoatingcompositionofthepresentinvention is preferably a two-component aqueous
coating composition including a base coating solution and a curing agent, in which the base coating
solution gontains the polyamine resin (A), and the curing agent contains the compound (B). When the
polyaminie’ FesiH (A) and e comipotihd {BF ﬁre%%%‘ada%“%%two-t%?n pBABRCAG R 04S coating
composigorl\,fq cgn?érk ionnof tgergol arrp'ne resin (A) and the compound (B) in which the resin and
compoun& are ﬁlg% y feattive with &ach other can be selected, to thereby obtain an aqueous coating
composition having excellent low-temperature curability. [0018]The content of the polyamine resin in
terms of a solid

[CG011] Inapreferredembodiment, thecompound (B) isemulsified

or dispersed by the polyamine resin {A).

[0012] In apreferred embodiment, the compound (B} is amixture

of a water-soluble compound and a non-water-scluble compound.

[0013] In a preferred embodiment, the compound (B) is an

emulsified compound.

[0014] In a preferred embodiment, the curing agent further

comprises an emulsifier.

Effects of the Invention
[0015] The agueocus coatingcompositionof the present invention
exhibits excellent low-temperature curability by containing: (A}

a water-soluble or water-dispersible polyamine resin having one



content is preferably 5 to 95 wt%, more preferably 10 to 90 wt% with respect to the total solid content
of the aqueous coating composition. [0019]The content of the compound (B) is preferably 2 to 40 wt%,
more preferably 5 to 30 wt% with respect to the total solid content of the agueous coating composition.
[0020]The ratio of the number of the amine groups in the polyamine resin (A) to the number of the
(meth)acryloyl groups in the compound (B) (amine group:acryloyl group) is preferably 1:0.5 to 1:1.5,
more preferably 1:0.75 to 1:1.25, particularlypreferably 1:0.9 to 1:1.1. It should be noted that, the
phrase "number of amine groups" as used herein refers to the number of the primary amine groups
(that is, the r apdary. amj is excluded) in_the case where the polyamine resin
(A) has tEe Sﬁg]%?y Eg%n%%%§§rcoub§ ir)1é a %%g%loeuﬁﬁﬁuod?ng t %o():lé@aer\k]/hgfnel%% r?oﬁ?élr%i%elr%s% (A) has

the primaty Baine groups ang W@&ﬁggﬁ%ﬁ9%@1%9!%%)@%{@%&9&5‘%5;%% ff;%h&usesc?”dary

amine groups in the case where the polyamine resin (A) has only the secon ine"groups in a

moleculei {002 Aspigment, aselveny, amadditive centhe-likedmayshe bignded, as teguired, intp the
agueous coating composition of the present invention. Examples of the pigment include: coloring
pigments(8uchnas titaridm oxidey yelow dron exideseddrer oxidescamamblack phthalocyapine blue,
phthalocyanine green, azo red, quinacridone red, and benzimidazolone yellow; and extender pigments
such as €aleiumtéarbonate; bariumesulfate kaoliayelay and tale: &xamples obthe salveatinekide:
glycol-based solvents such as ethylene glycol, propylene glycol, ethylene glycol monobutyl ether,
propylen@'y ot protfobitdyd lether, distiniend glyeoh digropylereglylcal diéthylenerglyea merobuty|
ether, dipropylene glycol monobutyl ether, and diethylene glycol dibutyl ether; aromatic solvents such
as xylen8}1§8|‘%%§?} io@,a@ol¥?§sé%¥3£§(ifé?fél-80ﬁié§§@@2©0; Rydroesibon-lsasetisoivents sbtk as
mineral spirit; and ester-based solvents such as 2,2,4-trimethy1-1,3-pentanediOl monoisobutyrate
(cs-lz)ﬁ%iﬁ?ﬁrﬁ?et%l- '3 Bt AEdiIBRdObHRy rate (éédig)?aié%ﬁmwﬁéﬂtes Bhd'ditsdbiity? adipate.
Exampleas %fttQS agggg/efig%%dg %disgersa%ua iscosity adjuster, a curing catalyst, a surface
modifier, an antifoaming agent. a plasticizet, a filmtSmiihg a1, & AY aBedtBing agent  Andan
antioxid [ ..Palyamine resin (A The polyamine resin (A) to be used in the aqueous
coating ?g{rﬁp%oﬁ%% %%%e?%}réséangta;r?\?(gr%%% %%yal%l%r)ﬁ%p%?géﬁ reSIPAS Tong s tHerdsh has
one or more primary amine grgups andior spagndary amipe groups, and is a water-soluble or
water-dispersible resin. Examples of the resin include an aliphatic polyamine resin, an aromatic
polyamine resin, and an alicyclic polyamine resin. [00231The amount of the amine groups in the
polyamine resin (A) is, as an amine equivalent, 100 to 3,000, more preferably 500 to 2,000,
particulablysareterahly:800:tork;b0E. i the-amine equivalent of the polyamine resin (A) is in such range,
the polyamine resin (A) is water-soluble or water-dispersible, and a coating film having excellent
low-température curability. cshibembtaingd akhe-amine-eqtivalgntistepresented by the molecular
weight of a resin solid content per primary amine group in the case where the polyamine resin (A) has
the primary amifé:groapsceoris represénted byrthe molecularWeight oba eesin solidcentenbper
secondary amine group in the case where the polyamine resin (A) has no primary amine group. The
amine egtivafert of tﬁg belyasiife résiA (R) canbe determiiied romithbsblentirgrameurts b raw

materials. |
av1ngoneornmreprlmaryaminegroupsand/orsecondaxyaminegroups

in a molecule; and (B) a compound having one or more {(meth)acryloyl
groups in a mclecule, and the composition cures by the reaction

of the polyamine resin (A} and the compound (B), to thereby obtain

a coating film.

[0017] The agueous coating composition of the present invention
ispreferablyeatwo—componentaqueouscoatingcompositionincluding

abasecmatingsolutionandeacuringagent,jj1which1juabasecoating



[0024]The molecular weight (number average) of the polyamine resin (A) maybe any appropriate
molecular weight depending on desired coating film properties. The molecular weight is preferably 500
to 20,000, more preferably 1,000 to 3,000 in terms of standard polystyrene measured by gel
permeation chromatography (GPC). If the molecular weight of the polyamine resin (A) is in such range,
the polyamine resin (A) can react efficiently with the compound (B) because the resin can be easily
mixed with the compound. Meanwhile, if the molecular weight of the polyamine resin (A) is in such
range , a coating film having excellent anticorrosion property, water resistance, and adhesive property
can be obipingd. JQ025IThe glass-irensition Lemperatiye.of the, polyamine fesin, () fpay be Any
appropriate glass-transition temperature depending on desired coating film properties. The
glass-trapsition temperalure igRreferably)-50 tonl00G Haore preferably @ 4 5QC, 1026]%hepolyamine
resin (A) maybe converted into an aqueous resin by neutralization of the amine groups with an acid
before userifhe:type afthe acid andadeutralization ratio-(petisalization wdigawith respeat g the
amine groups in the polyamine resin before conversion into an aqueous resin) may be any appropriate
type andavewtradizatiom ratic depending on desinedstatesafithe pelyamire resin A} (watewsakible to
water-dispersible form). Examples of the acid include an acetic acid, a formic acid, a lactic acid, and a
phosphofigacid. The neutrhtization.ratio(hettraizatioh eatio wWithréspect 4o theramingigreaps in the
polyam ne resin before conversion into an aqueous resin) is preferably 10 to 70%, more preferably 15
to 50%. [0ORTFThePolyafinedeSnt@) is prefefdbiy af epeXybasedPolyanise rasincobtained by
amine-denaturation of an epoxy resin or an acrylic polyamine resin obtained by amine-denaturation of
an acrylicYeERSOF #Bse e 8ok baseF pdlyaniting: FE8HT IS pattiSulaHy %@fi%&iﬁhis is because, if
the resin is the epoxy-based polyamine resin, it is possible to obtain an aqueous coating composition
which is more excellent in anticorrosion property. That is, when the epoxy-based polyamine resin
serving %%%Holyamin%geesigﬁel\)cgg% tQ% Q&mpouEd g%)i%rg used, it is possible tofobtainlan agueous

coating composition which can fori a coating filR hat exers excalient Anticofdsion %réﬂﬁer}f

e el e SRR oo T Bl on eboxy
resin and a polyamine compound even at a low température. [(5)028 The epoxy-based polyamine resin
and acryliepolyamipe resinscane ebtainediy any appropriate.denaturation method. Examples of
the denaturation method include: a method of adding a primary amine group-containing polyamine to
an epoxy¢esis ©f anacrylic resin; and a method of adding a ketiminated amine  group-containing
compound to an epoxy resin or an acrylic resin. The polyamine resin (A) obtained as described above
has one or more primary amine groups and/or secondary amine groups, and secondary hydroxyl
groups in a molecule. The polyamine resin may be a resin obtained by a reaction of part of the primary
amine gldlips? secondaryzeninergreups cdnd/oe hydmxyligrbu@s) initherpolyfamideiresin (&) with a
compound having a functional group such as an epoxy group, an acid anhydride group, an acid
halogen®jrdup6rtan seefanate grolp L adpblyamine fdsin ebidmad by atleactiort i sach fuhctional
group is included as part of the polyamine resin to be used, physical properties of a resultant coating
film can B adjisted - [0029] B PeHDIEFaddiny TR pimaitamine group-containing polyamine to
the epoxy resin or acrylic resin is a method involving reacting a primary amine group in the primary
amine group-containing polyamine with a reactive group in the epoxy resin or acrylic resin (such as an

rasin of SUTA bolyamin 1Bsit b the SEGoRdAly B ordip. 0RO iiodof hafing the
ketimin%%ﬁ%ﬁ%e resin (A) to the number of the (meth)acryloyl groups in
the compound (B) {(amine group:acryloyl group) is preferably 1:0.5
tol:1.5, morepreferably 1:0.75t0o 1:1.25, particularly preferably
1:0.9to1:1.1. It shouldbe notedthat, the phrase "number of amine
groups"” as used herein refers to the number of the primary amine

groups (that is, the number of the secondary amine groups is excluded)

in the case where the polyamine resin (A} has the primary amine



group-containing compound to the epoxy resin or acrylic resin is a method involving reacting the
ketiminated amine group-containing compound with the epoxy resin or acrylic resin and then
hydrolyzing the ketimine group to form a primary amine group, resulting in  producing the
epoxy-based polyamine resin or acrylic polyamine resin having the primary amine group. It should be
noted that the reaction of the ketiminated amine group-containing compound with the epoxy resin or
acrylic resin may be carried out in the presence of a secondary amine such as diethanolamine,
methylethanolamine, or diethylamine. [0031]As the epoxy resin, any appropriate epoxy resin may be
used. The resi és referably a bisphenol A-type epoxy resin or a bisphenol F-type epoxy resin, and is
particularfy pre%era%?yaa g%%/ﬁgﬁg?%- VP& @Bgﬁ?fegiﬂ?[m@%@@qﬁi@é%ﬁ@éﬂmé epoxy resin
may be determined, depending on g sired coating film properties. The epoxy equivalent is preferably
180 to 2,000, more prefe?ably 2400 to%ﬁ8809ﬁ?ﬁé%p%§§ equfvaEMCSRE B puky tEsHS W Stich range,

a coating-film-Baving exgellent water resistange icorrasion property, and adhesive property can be
obtained. [ 0033 ]Chain elongation of the epoxyeraegs]%r:é %na%yaﬁ: carried oGty 'R Feattion 5 aA Sittive

hydrogemn@mt@imjﬂ@ C@&W&@ﬂ@_ of reactingwith epaxy. groun dWErth an epoxy grou Sto
increase the molecular weight of the resin or to denature the resin. Examp &< of the' ctive
hydrogen-coatainitig catyound include a bifunctional compound such as a dimer acid, diamine, or
polyether polyol. [0034]Depending on applications, before amine denaturation, the number of epoxy
groups in the epoxy resin may be decreased by adding a fatty acid to reduce sites to be
amine-denatured and lower the reactivity before use. [0035]Any appropriate acrylic resin may be used
as the acryfireksin. An abryliéaesintobtairedl by copolymerizinig-a veonemer semMposition goptaining a
radical polymerizable monomer having an epoxy group and/or a glycidyl group is preferred. Examples
of the ralit&lo6Ifmetz abfsimbrefheridingan epmecgupcandloragiygidy graup incudaglycidyl
acrylate, grl cidyl methacrylate, methyl glycidyl acrylate, methyl glycidyl methacrylate, 3,
4-epoxy€ydiotieXyImetRGHcryiate, afid BRLEoxgdy clorexyifetyl methacryiate. [CO86IEXamples of
the primary argincesggoy -containing polyamine include diethylenetriamine,dipropylenetriamine,

dibutylenetiaming. and tHathytenetatraming L fivey Hidy BY iseerafontdsrinresmbiration: i de,

carbon black, phthalocyanine blue, phthalocyanine green, azo red,
quinacridonered,andbenzimidazoloneyellow;andextenderpigments
such as calcium carbonate, barium sulfate, kaclin, clay, and talc.
Examples of the solvent include: glycol-based solvents such as
ethyleneglycol,propyleneglycol,ethyieneglycolnwnobutylether,
propylene glycol monobutyl ether, diethylene glycol, dipropylene
glycol, diethylene glycol monobutyl ether, dipropylene glycol
monobutyl ether, and diethylene glycol dibutyl ether; aromatic
solvents such as xylene, Sclvesso 100, Solvesso 15C, and Solvesso
200; hydrocarbon-based solvents such as mineral spirit; and
ester-based solvents such as 2,2,4-trimethyl-1, 3-pentanediol
monoisobutyrate (C3-12), 2,2,4~trimethyl-1, 3-pentanediol
diisobutyrate (CS-16), diethyl adipate, and diisobutyl adipate.
Examplescﬁftheadditiveincludeacﬁspersant,axﬁﬁcosityadjuster,

a curing catalyst, a surface modifier, an antifoaming agent, a



[0037]The ketiminated amine group-containing compound can be obtained by reacting a primary
amine group-containing compound with ketone. Examples of the primary amine group-containing
compound include: primary amine group-containing polyamines such as diethylenetriamine,
dip,opylenetriamine, dibutylenetriamine, and triethylenetetramine;aminoethylethanolamine;
methylaminopropylamine;andethylaminoethylamine. Theymaybeused aloneorincombination.
Examplesoftheketoneincludemethylethyl ketone, acetone, and methyl isobutyl ketone. [0038]C.
Compound (B) The compound (B) used in the agueous coating composition of the present
inventio re cryloyl aroups in.a molecule. [0039]The molecular weight of the
compouﬁ%l%%g%?e%‘%blygqgg 10% m%%}e‘me%n%gz,ﬁl&éi or f%si?ymc?rlésporg elrggly 90 or ’m@r@%nﬂﬁ,?OO or
less, partigiarly, preferably 250 or more and 1,300 or less. If the molecular weight of the compound (B)
is in such range, the polyamine resin (A) and the compound (B) can be easily mixed without using a
special mixing device , to thereby obtain a coating composition having excellent dispersibility. As a
result, the polyamine resin (A) and the compound (B) can react with each other efficiently, to thereby

obtain anaquequs coatirg. camposition haying:excellent curability. It should be noted that the
molecular weight of the compound (B) can be calculated from the chemical formula. [0040]The number
of the (meth)acryléyt grody imtheecanapdund(4B) iscl bemesedreferably 2:ta:4cThe pumber of the
(meth)acryloyl group in the compound (B) may be determined depending on desired coating film
properties a4 The visebsiti of thie sompoumdeBY) ab 25C:ig 3,008rmPas oolessapreferably 50
mPa.s or more and 3,000 mPa.s or less, more preferably 50 mPa.s or more and 2,200 mPa.s or less,
particulafly préfefably SORPEES dFnibie arkicl, 2001mMPE. scoTiBes: If thel viscositygfthe orpound (B)
is in such range, the polyamine resin (A) and the compound (B) can be easily mixed without using a
special Mixin ide? b fheréby obtaifa Codtifg CorpositorrRadirrexe s ket disprersibiling Asa
result, thg epsqﬂ}{lami%e resin %%\) and the compourg)j&(is) can react with each other efficiently, to thereby
obtain aff aquecus coating rﬁ[?ogﬁi%ﬁ RaviRg-Sxceliet Tarabiik, 0042 Exbriple & 8fiRé Edmpound

B) incl lymerizabl : ,
(B) Cug%[gﬁkm%tf%)%olyamlne resin, and an alicyclic polyamine resin.

[0023] The amount of the amine groups in the polyamine resin
(A) is, as an amine eqguivalent, 100 to 3,000, more preferably 500
to 2,000, particularly preferably 800 to 1,500. If the amine
equivalentoftheg@lyamineresin(A)is:hlsuchrange,thepolyamine
resin (A) is water-soluble or water-dispersible, and a coating film
having excellent low-temperature curability can be obtained. The
amine equivalent is represented by the molecular welght of a resin
solidcontentperprimaryaminegroupj11thecasewh@rethepolyamine
resin (A) has the primary amine groups, or is represented by the
molecular weight of a resin solid content pex secondary amine group
in the case where the polyamine resin (&) has no primary amine group.
The amine equivalent of the polvamine resin (A) can be determined

from the blending amounts of raw materials.



unsaturated monocarboxylic acid ester compounds of polyhydric alcohols (such as ethylene glycol
diacrylate, ethylene glycol dimethacrylate, triethylene glycol diacrylate, triethylene glycol
dimethacrylate, tetraethylene glycol diacrylate, tetraethylene glycol dimethacrylate, 1,3-butylene glycol
diacrylate, 1,3-bu ylene glycol dimethacrylate, trimethylolpropane triacrylate, trimethylolpropane
trimethacrylate, 1,4-butanediol diacrylate, 1,4-butanediol dimethacrylate, neopentyl glycol diacrylate,
neopentyl glycol dimethacrylate, 1,6-hexanediol diacrylate, 1,6-hexanediol dimethacrylate,
pentaerythritol diacrylate, pentaerythritol dimethacrylate, pentaerythritol triacrylate, pentaerythritol

trimethagrytate, jpentaeryiritl tetraacrlate pepigeryihritplietramethacrylate, ghyceroly yamine

diacrylate,glyceroldimethacrylate,glycerolacroxy
dimethaqra@i@y%%@Mawap@%gtbgge@iﬁ%@iéﬂ;l@H?H%{@gﬁﬂ@&%@émg&r@%@acrylate,
1,1,1-trishydroxymethylethanetriacrylate, 1,1,1-trishydroxymethylethanetrimethacrylate,
1,1,1-trishydroxymethylprepane-dincedate, and hd.letrishydroxymethylpeopanesdimathacrylate),
adducts between epoxy group-containing, ethylenically unsaturated monomer and carboxyl
group-cantaifiihg) ethylenicallypasataraiedmonomed (seh3sie teaction groduct bebnveeniglydidyl
acrylate or glycidyl methacrylate and an acrylic acid, a methacrylic acid, a crotonic acid, or a maleic
acid), aneqpolyrnerzalslenansaturaied yarocapeoxydic acihamideccerhpauads: of gélyamines {such as
ethylenediamine diacrylate). They may be used alone or in combination. [0043]As described above,
the compeun @ (Bfis'teqilirde ¢ be cabable of beirfadsily hixed with (éapabile Bf¢BadtiitPfith) the
polyamine resin (A). Preferably, the polyamine resin (A) and the compound (Bé are used in an
inhomogenBoks S¥EB 1 Sudt 4rangé thatthe FESiA andidontpoiinttcan’bé RasiE nfixdtP@ateact

with each other). More preferably, the compound (B) and the polyamine resin_(A) are used in different
phase states. fﬁe&?&fﬁ&aﬁég?any 5cdte REALLOR pr%%?é‘ of Thé Boly&mire redih (AyERG'thE -

compound (8) can be intibited to appropyiately adjyst the reactivity Therefore, for gxample, in the
case of using the agueous coating composiﬁon of the present |n\?en]ti%n IS use5 as a two-component
coating materj equs coati iti Vi [ r btained.
Preformod SxapIos o e Sisee kLTS o Whora tho campand (E) Ea narer i
compoung,.and thejnalyamine resin(A)ds a4vater-dispersible resin; a.casgmherefhe compound (B) is
self-emulsifying; and a case where the compound (B) is emulsified or dispersed by the polyamine resin
(A). It should be noted that a determination of whether the compound (B) is "non-water-soluble”,
"water-soluble”, or "self-emulsifying"” can be made by: adding 5 g of the compound (B) to 100 g of
water at rogrhEemperaturasstringsthermpxiure i(ergt, darsd minutes); altovang thesmixture 4@ stand still
(e.g., for 5 minutes), and then observing the state visually. After allowing the mixture to stand still, if
the mixture)contains:precipitater thrercempouhd is judgedto hednonewaterssolutd et b thecmixgure
contains no precipitate and is clear, the compound is judged to be "water-soluble”, and if the mixture
containsaio peEcigitRe andds tirbit, the Eompotmilds judyed to beéltself-ehaasifying' f00449m the

case where the compound (B) has been denatured bg/, for example, poiyethylene oxide, the compound
may be EGFRSfeRLUTe is preferably -50 to 100°C, more preferably 0 to 50°C.

[002¢6] The polyamine resin (A) may be converted inte an agueocus
resgin by neutralization of the amine groups with an acid before
use. Thetypeoftheacidandaneutralizationratio {(neutralization
ratio with respect to the amine groups in the polyamine resin pefore
conversion into an aqueous resin) may be any appropriate tvpe and
neutralization ratic depending on desired state of the polyamine
resin (A) (water-soluble to water-dispersible form). Examples of

the acid inciude an acetic acid, a formic acid, a lactic acid, and



into a water-soluble or self-emulsifying compound by increasing the ethylene oxide addition mole
number to enhance its hydrophilicity. [0045]Examples of the water-soluble compound (B) include
ethoxylated bisphenol A diacrylate (EO 30 mol), ethoxylated trimethylolpropanetriacrylate(EO 20
mol),ethoxylated trimethylolpropane triacrylate (EO 30 mol), ethoxylated pentaerythritol tetraacrylate
(EO 35 mol), ethoxylated glycerin triacrylate (EO 20 mol), and ethoxylatedbisphenol A dimethacrylate
(EC) 30 mol). They may be used alone or in combination. It should be noted that, for example, the
expression "EO 30 mol" as used herein means that 30 ethylene oxide groups are contained in the
molecule, [ e e -emulsifying.compound ( %include olyethylene glycol #400
diacrylatéa1 (%%2%) m%%%o%%{r%lezﬁﬁgﬁy%%f%g%g i%%nrgyjlé)tré fIfCE q rﬁ%ﬁ?é%l%%ﬂ@%‘eﬁfeoﬁlﬁ%ﬁz#fooo
diacrylate; {(E@ 2 thoxyl ' o) iacry eé 10 mol), ethoxylated bisphenol A
diacrylate (EO Zﬁeﬁg%c?e?ﬁgxﬁg?t%d%gﬁgg%;n%ﬁg%%%ate E %9@ m%ﬁr?%%%l&ﬁyéﬁys/ﬁérﬁe%?fc%f%1000
dimethacsyate-(&0: 23 mol): I hey may.be used-alang o in combination. [0047]Ex ﬁ'esf% e
compound (B) that may be emulsified or dispersed by the polyamine resin (A) include polyéthylene
glycol #2006diacrylatey (E© 4 mof); ethoxylated bisphenol A diacrylate (EC) 3 mol),
ethoxylatedbisphenol A diacrylate (BO 4 mol), propoxylated bisphenol A diacrylate (PO 3 mol),
1,10-decanediol diacrylate, tricyclodecanedimethanol diacrylate, ethoxylated
2-methy1-1,3-propanediol diacrylate (EO 2 mol), neopentyl glycol diacrylate, 1,6-hexanedioldiacrylate,
1,9-nonahkedioldiacrylate] dipropylene giyeot diatryldte) (PG 2omeljstriprapylene glycel dingggate (PO 3
mol), polypropylene glycol #400 diacrylate (PO 7mol),polypropyleneglycol #700diacrylate (PO 12mol) ,
ethoxylatst tiraBtRiciitEpan e Riaeiyiae (B0 3miol} sihoriated thimetiylokropane friacrylate (EO 9
mol), trimethylolpropane triacrylate,propoxylatedtrimethylolpropanetriacryla e (PO3mol), pentaerythritol
iacrylate” &thokyrated’ ﬁé&a@ﬁﬁﬁﬁﬁf‘%aﬁ%%e%ﬁmﬁ%, Hitriveiyfolprspariettetraacrytate,
propoxylaatedg)egt e.r}g[hritolt.etraacr JJlate (PO 4 mol), propoxglated bisphenol A diacrylate (PO 4 mol),
ethylene glycol timéthatryiate (EQ 1 mofy S YietfyienE YRICHT BifvstAadyiafé TE 02 Fiohi triéthylene
glycol di crylate (EO 3 mal), tetraethylene glycol b%ifrg:ethacrylate (EO 4 mol), polyethylene glycol
#400 dm%etﬁ%%ﬁaf}% E?S fé%%%&éﬁ?egthyle&rﬁélg?ycﬁ?# dikfsthacrylate (& £4 Hhol) ,3HGtanediol

dimetha zhutanedigl.dimethacrylate, 1,6-hexanedial.dimethacrylate, 1,9-nonanediol
dimethag%%%gﬁﬁg%ﬁa e%olq i%%%r%ol%% gﬁ%éthjg%r)}lgtep &SC? éb r%o%)?e gx@%é}eﬁrb@&?e%%?i

dimethagrylate (5O Afmah sethoxylaigd bigphenol Adimethacpiate (FO 6 mol), ethoxylated bisphenol
A dimethacrylate (EO 10 mol), ethoxylated bisphenol A dimethacrylate (I%% 1%%%])C,On1§%%§ﬁ?ylfglycol

dimethageytate rethoxylaied polypropyane glycol 4700 dimethacrylate (RQ 12.mol, E0.6.mql), glycerin
dimethacrylate, tripropylene glycol dimethacrylate (PO 3 mol) , polypropylene glycol #400

dimethaerylated 907 mwok) rtsimethylalpropanetdmethacryate: and ethoxylated timethylelprgpane
trimethacrylate (EO 9 mol). They may be used alone or in combination.
possible to obtain an agueous coating composition which can form
a coating f£ilm that exerts excellent anticorrosion property
comparable to or superior to that of a conventional GpOxXY resin

coatingcompositioninciudinganepoxyresinandapolyaminecompound

even at a low temperature.

[00Z28] The epoxy-hased polyamine resin and acrylic polyvamine
resin can be obtained by any appropriate denaturation method.
Examples of the denaturation method include: a method of adding
& primary amine group-containing polyamine to an epoxy resin or

an acrylic resin; and a method of adding a ketiminated amine



[00481The compound (B) may be preferably used as a mixture of a water-soluble compound and a
non-water-soluble compound. If such mixture of the water-soluble compound and the
non-water-soluble compound is used, the non-water-soluble compound can be easily introduced into a
reaction system by the water-soluble compound. Further, the resultant coating material is excellent in
low-temperature curability . Examples of the water-soluble compound having one or more
(meth)acryloyl groups in a molecule include the above-mentioned water-soluble compound (B).
Examples of the non-water-soluble compound having one or more (meth) acryloyl groups in a

moleculejpglude a,cQmpouUnd, %M@i gg@pjlgte%c gtggjbi,ee@i%ater, such as prapoxylated

bisphenol A diacrylate (PC) 4'mol). The mixing ratio Water-sol%leaélor%pgﬁn&%B and the

non-waterrsolyble,compeund 4B, (watelsselubleion-water-splyble) is preferably 1/9.tg 9/1, more
preferably 2/8 to 8/2. [00491In one embodiment, before mixing of the polyamine resin (A) and the
compoungd: (B)z the asmpeunt (B say: be sliluted-with an organic.solvent, £xamples.of the organic
solvent include ethylene glycol monobutyl ether (BC) and diethylene glycol monobutyl ether’ (BDG).
When the xompouhdy(B)us diluted imadwandeswithTar:opganie selvent as desesbedahove.the
polyamine resin (A) and the compound (B) can be easily mixed without using a special mixing device,
to therebjdttairea! doatingcontgosition havingéxceklent dispersibility:As roresslt, she polyamine resin
(A) and the compound (B) can react with each other efficiently. [0050JIn another embodiment, the
compourd {B)fis Eretiilsioh: That id) héfors mixingeofithe polyamine sésian{A) anddbe corfipound (B),
an emulsifier may be mixed with the compound (B), or the compound (B) maybe emulsified or
disperseli by 'a YiSHEEANC A ermiiiRTict, bPRAR BeDBAUS FESTHPMUIEBVErS inthe base wharethe
aqueous coating .com osjtion of the present invention is a two-component aqueous coating
composifion“an enmUISHEr tay fafRePhe AddRH16 the ADBFE-Métithed cUrity AGerty fisteh
treatmerétg%& rrieqlgut, th pé)l jg{nine resin g@aalng# compound (B) can be mixed without using a

ain a coating Compositid  Aaving'excefiefit dispersibiiity. 'As a

special mixin device, 16 ?n? reby obtain a ¢oa

result, t ine.resj c und (B) can react with each other efficiently. Further, if
such trergetrr%gr%%ai{s@cr%err}fg%%l% tgg%}o@r%o%%\]g %3@) éﬁ & treated s a fon 32%?3&5%&’@?18?%

nonionicemylsifer <an seiogic.emulsilicz.othekednay e used 85 the emulsifier. Examles of the
nonionic emulsifier include a polyoxyethylene alkylphenol ether, a pcﬁyoxyje%hy ene styrenated phenyl
ether, a polyoxyethylene alkyl ether, a polyoxyethylene-polyoxypropylene block polymer, and a
sorbitan fatty acid ester. Examples of the anionic emulsifier include a dodecylbenzenesulfonic acid
salt, a dialkyk sulfosuccinie acieé satidecolyexyethyeaesaliy-athesr-sulfuric.acid ester salt,a
polyoxyethylene styrenated phenyl ether sulfuric acid ester salt, and an alkyl diphenyl ether disulfonic
acid salp Ekantplesof the ispersant inchicde sodium;polyacrytate ans anammeniupysalef.a half
ester of a styrene-maleic acid copolymer. Examples of the aqueous resin include a sodium salt of a
polyacryliéaseid BStér JODBAN stilliarother emboditment; before ruixing of the pelyaminé itesio (A) and
the compound (B), the compound (B) may be dispersed in a dispersing element of a resin different
from thé’BOIyAMInEr&dih A NERshples SRpBRIiSPekdingealemert of ihe vesidnpiude ar eimulsion
and dispersion of an acrylic resin and an emulsion and dispersion of a urethane resin. When the
compouhd{(B) i HiSpeFdatii MetSpefsing @idhia T tRE! FsinaR hagante Ha dssaribediatiove, the
polyami:g reEQd%Qlan U}(laec%m ound (B) can be mixed without using a special mixing device, to
thereby obtain a coating composition HAVInG exCeléht dispersibiity CrAs Gireklif, el yoRarine resin
(A) and ad (B). qan react with each other efficiently. [0052]D. Coating method The
aqueouglac%gﬁr%P ggr%%ési)ﬁ%% ogf%%é) rp\){\é!eas%%t frventiort Iﬁ%l)p Be applied to any appropriate matter to be
coated. A typical matter to be coated is a surface of iron.

[C030] The method of adding the ketiminated amine
group-containing compound to the epoxy resin or acryvlic resin is
a method involving reacting the ketiminated amine group~containing
compound with the epoxy resin or acrylic resin and then hydrolyzing

the ketimine group to form a primary amine group, resulting in
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[0053]Examples of a method of applying the aqueous coating composition of the present invention
include brush coating, air spray, airless spray, and roller application. [0054]The application amount of
the aqueous coating composition of the present invention may be set to any appropriate application
amount depending on applications. In general, the amount is preferably 10 to 300 g/m2. [0055]A
method of drying the aqueous coating composition of the present invention may be any appropriate
drying method. The method is preferably natural drying or heat drying. That is, the aqueous coating
composition of the present invention may be used as a coating composition capable of curing at

ordinary tsg}p ﬁat%e 1gT)hmaFvj be used as a coating composition capable of curing by heating. In the
case of natura cf:rying, & GRIRY TiMETE DRIErABIV A KA S D PMBrE: Yidre preferably:é weekror more.

Examples, [0056]Herei r, the present invention is describedinmore detail by way of examples.
However, the prlej:gn% i%?/%?ﬁ?ozﬁyis not TMitedt the &xanpIes. Resheiiache tet thateantessn

otherwisesspecitied pari(s), and %0.in the examples are by weight. Further, evaluation items in the
examples are as follows. [0057](Coaf]iﬁg§fiﬁﬁ%@%dﬁi%rﬁfamjc%%tﬁ%%%iﬁ?%l%’ obtaihB8 iAExREMples

and Compatative Examples vere gach applied onto a glass plate and dried %‘or 24 hours) at 25C, and
the coated glass plate was visually obsgved to ev;%ua(fgél Jé%%ﬁr?grﬁﬁwefb? & barAhCtHAZparency,
and coating filra detects such-as blisters.and Cisaings, BurpishQ; Highly burnished 4: Moderately
burnished x: Not burnished TransparencyO: No or little turbidity I%’ or Cﬂethy’%dm*ne'
[CGO31] As the epoxy resin, any appropriate €poXy resin may be
used. The resin is preferably a bisphenol A-type epoxy resin or

a bisphenol F-type epexy resin, and is particularly preferably a

bisphencl A-type ePOXY resin.

(00327 Theepoxyequivalentoftheepoxyresinmaybedetermined
dependingcnldesiredcoatingfilm;mbperties. The epoxy equivalent
is preferably 180 to 2,000, more preferably 400 to 1,500. If the
epoxy eguivalent of the epoxy resin is in such range, a coating
film having excellent water resistance, anticorrosion property,

and adhesive property can be obtained.

[0033] Chain elongation of the epoXy resin may he carried out
by a reaction of an active hydrogen-containing compound capable
of reacting with an €pOXy group with an epoxy group to increase
thenmlecularweightoftheresinorix)denaturetheresin. Examples
of the active hydregen—containing'compound include a bifunctional

compound such as a dimer acid, diamine, or polyether polyol,
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L.: Moderate turbidity x: Severe turbidity Coating film defectsO: No or few blisters and cissings A: A few
blisters and cissings x: blisters and cissings across the surface (Curability) The coating materials
obtained in Examples and Comparative Examples were each applied onto glass plates and dried (for
24 hours) at 25C and 5C to obtain coating films. The coating films were each rubbed with gauze
impregnated with methyl ethyl ketone (MEK) at the same temperature as that in its application and
drying, and the number of times of reciprocation until a glass base material was exposed was
measured. It should be noted that the notation ">200" in the tables means that the glass base material
was not expesed even whepdhe number reached 200, Further < the numberehiimes of regiprocation
until exposure is 100 or more, the coating film is evaluated to be acceptable. (Anticorrosion property)
The coating:filmspbtaingd épExamples,were gach appied pnie aisandblasiplate-using admish at 200
g/m2 and dried at 20C for seven days, to thereby obtain a test specimen. A cycle corrosion test,
specifiectitidll 5K HERO: 77 Awads] caried ut fosthedest specimennAftee 12@ cyeldss rtheleaating film
condition was confirmed based on the following criteria. The ratio of a corrosion area in a coating
film with téspect 4o thevsurfade=dicthe testespecimen. g: less than 0.05% O:

[0035] Any appropriate acryvlic resinmay be used as the acrylic
resin. An acrylic resin obtained by copolymerizing a monomer
composition containing a radical polymerizable monomer having an
epoxy group and/or a glycidyl group is preferred. Examples of the
radical pelymerizablemonomer havingan epoxy group and/craglycidyl
group include g¢lycidyl acrylate, glycidyl methacrylate, methyl
glycidyl acrylate, methyl glycidyl methacrylate,

3,4-epoxycycliohexyimethyl acrylate, and 3, d-epoxycyclohexyimethyl

methacrylate.
[0036] Examples of the primary amine group~containing
polyamine inglude diethylenetriamine, dipropylenetriamine,

dibutylenetriamine, and triethylenetetramine. They may be used

alone or in combination.

[0C27] The ketiminated amine group~containing compound can be
obtained by reacting a primary amine group-containing compound with
ketone. Examples of the primary amine group-containing compound
include: primary amine group-containing poelyamines such as

diethylenetriamine, dipropylenetriamine, dibutylenetriamine, and

12



0.05% or more and less than 0.1% L: 0.1% or more and less than 0.3% x: 0.3% or more
[0058][Production Example 1] Preparation of polyamine resin (epoxy-based polyamine resin) 702 parts
of an epoxy resin having an epoxy equivalent of 188, which was synthesized from bisphenol A and
epichlorohydrin, 269 parts of bisphenol A, 108 parts of dimer acid, and 190 parts of methyl isobutyl
ketone (hereinafter, referred to as "MIBK") were fed to a reactor equipped with a stirrer, a cooler, a
nitrogen injection tube, and a thermometer, and the mixture was allowed to react in the presence of 1
part of benzyldimethylamine at 117C until the epoxy equivalent reached 1,270. After that, 255 parts of

a ketimine,cqmpound, af- amingethylethanolamine (73 wt% MIBK solution) were added thereto, and the
mixture Wascgﬁovgjvgd to react at 117C for one hour. Subsequentf ,%ﬁg%{:xt\ﬂréawa%ndﬂu?emdl\?vﬁh MIBK

until a nonvelatite sontept-ab %M%@%%V@Qhﬁ%ﬁ@é%@%ﬁ@x‘?&?xyit??e??ﬁ lyamine;resin
having a number average molecular weight of 2,400 and an amine equivalent of 1,184.
alocne or incombination. Examples of the ketone includemethyl ethyl

ketone, acetocone, and methyl isobutyl ketone.

[C038] C. Compound (B}
The compound (B) used in the agueous coating composition of
the present invention has one or more (meth)acryloyl groups in a

molecule.

[0039] The molecular weight of the compound (B} is preferably
150 or more and 2,000 or less, more preferably 200 or more and 1,700
or less, particularly preferably 250 or more and 1,300 or less.
If the molecular weight of the compound (B) is in such range, the
polyamine resgin (A) and the compound (B) can be easily mixed without
usingaspecialmixingdevice,totherebyobtainacoatingcomposition
having excellent dispersibility. As a result, the polyamine resin
(A) and the compound {(B) can react with each other efficiently,
to thereby obtain an aqueocus coating composition having excellent
curability. It should be noted that the molecular weight of the

compound (B) can be calculated from the chemical formula.

100407 The number of the (meth)acryloyl group in the compound
(B) is 1l ormore, preferably 2 to 4. The number of the (meth)acryloyl

group in the compound (B) may be determined depending on desired
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[0059][Production Example 2] Emulsification of epoxy-based polyamine resin Acetic acid was
added to the epoxy-based polyamine resin obtained in Production Example 1 so that a neutralization
ratio (neutralization ratio of the resin based on amine groups) of 20.0% was achieved, and the mixture
was diluted with ion-exchange water. After that, a mixture of MIBK and water was removed under
reduced pressure until a solid content of 40 wt% was achieved, to thereby prepare Emulsion I.
[0060][Production Example 3] Preparation of polyamine resin (acrylic polyamine resin) 670 parts of
MIBK were fed to a reactor equipped with a stirrer, a cooler, a nitrogen injection tube, a thermometer,

and a drepping funnel.,and.the mixturewas heated to 110C. A solution containing 540 parts of
styrene, 400 parts of n-butyl acrylate, 140 parts of glycidyl methacrylate, 100 parts of MIBK, and 20

parts of t-butyl peroctoate was added dropwise over three hours to the reactor using the dropping
funnel. After completion of the dropwise addition, the mixture was maintained at 110 C for 30 minutes ,

and then(a salution containing,2 pacts of I-butyl perosigate and 50 parts of MIBKwas added. dropwise
over 30 minutes. After completion of the dropwise addition, the reaction was further continued at 110C
for one hour] testherehy 6btairan dobylicresin varnishdhawving 3, manyelatie content@rclugding.epoxy
groups) of 60%. To 1,920 parts of the resultant varnish were added 255 parts of a ketimine compound
of aminaetisdethahdlaniifier(73 wi% MIBK: sokutidny, aritDthermixture-wassallowed-toireattat 117C for
one hour, to thereby obtain an acrylic polyamine resin having a number average molecular weight of
10,000 anbedrfafie etfuivBRent 6frlntg: [oos 1)[RddodtionsExampkes4] ERfutsificatiGrrofadrylic
polyamine resin Acetic acid was added to the acrylic polyamine resin obtained in Production
Example®3 soRaf 8 HReutANzdfon fatic theitrllizaBA Patic- BEtHCresiThased 6f amink)groups) of
20.0% was achieved, and the mixture was diluted with ion-exchange water. After that, a mixture of
MIBK and \Water Was Fsmoved USRS St bt FEsk ik ttiPR 4ol TohteAt BPAE Wtde Wsidchieved,

o herety grepare Emyision.J 0052lroduction Exemple o] reparation of polyamine esin

dispersibility. Asaresult, thepolyamineresin (A) andthe compound
(B) can react with each other efficiently, to thereby obtain an

aquecus coating composition having excellent curability,

[0042] Examples of the compound (B) include polymerizable
unsaturated monocarboxylic acid ester compounds of polyhydric
alcoheols (such as ethylene glycol diacrylate, ethylene glycel
dimethacrylate, triethylene glycol diacrylate, triethylene glycol
dimethacrylate, tetraethylene glycol diacrylate, tetraethylens
glycol dimethacrylate, 1,3-butylene giycol diacrylate,
1, 3-butylene glvcol dimethacrylate, trimethylolpropane
triacrylate, trimethylolpropane trimethacrylate, 1,4-butanediocl
diacrylate, 1,4-butanedicl dimethacrylate, necpentyl glycol
diacrylate, neopentyl glycol dimethacrylate, 1,6-hexanediol
diacrylate, 1, 6-hexanedicl dimethacrylate, pentaerythritol

diacrylate, pentaerythritol dimethacrylate, pentaerythritol
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(epoxy-based polyamine resin) 742 parts of an epoxy resin having an epoxy equivalent of 188,
which was synthesized from bisphenol A and epichlorohydrin, 336 parts of bisphenol A, and 190 parts
of MIBK were fed to a reactor equipped with a stirrer, a cooler, a nitrogen injection tube, and a
thermometer, and the mixture was allowed to react in the presence of 1 part of benzyldimethylamine at
117C until an epoxy equivalent of 1,270 was achieved. After that, 350 parts of a ketimine compound of
diethylenetriamine (73 wt% MIBK solution) were added thereto, and the mixture was allowed to react
at 117C for 1 hour . Subsequently, 27 parts of ion-exchange water and 188 parts of

glycidyineodecaneale Kardua £I0:0) were fad therelg, andthe fuixiure was, alowed {9 fead at 100C

for 2 hours. After that, the mixture was diluted with MIBK until'a honvo étilé)gon ® Was

achieved; 4o thereby; obtain an epoxy-kased-palyamine resin having.a number, ?Vef%gﬁ(@@i%%"af

weight of 2,600 and an amine equivalent of 947. [0063][Production Example 6] Emulsification of
epoxy-baseskpolyamine resin1ycerAcetic acigwas.added to-the epoxyrhased-polyaming resin
obtained in Production Example 5 so that a neutralization ratio (neutralization ratio of the resin based
on cationid. geoups) of 20109 was achieved; ahdithe mixture wasidiluted with ion-exehange water.
After that, a mixture of MIBK and water was removed under reduced pressure until a solid content of
40 wt% was aéhievéd totherehygreparetEmutsion |11. [0064][Example 11dime fFe2,960pasts of
Emulsion | obtained in Production Example 2 as a polyamine resin (A) were added 118 parts of
dipropylenelglycéih-blieterePABY @iHilestiring with a disper, and then 382 jartsydf:athoxylated
trimethylolpropane triacrylate (EC 20 mol) (manufactured by Shin-Nakamura Chemical Co., Ltd.,
product nare *ATE3GE N S8 ¥iirtherdddderthgreto as a compound (B) White stiFrirgrwitls asdisper,
followedlbylsti{r_ingrfor 10 minutes, to thereby obtain a clear coating material . The resultant coating
e

material Was' applied Ghtd iAo Hidte% Ui a Bemil applicatortifdfeF Bhdirénments of 25C2HH 5C,

and the @aieriq[%/\é%s g?rie g)r 24ehC uri uPder the %ame,_ nvironrgents as in jts application, to thereby
obtain codting films. AfteF that the coating Hirm ondition Atd-curabifity of EXH st the T8EHES coating

films wegg.gvaluated. . Table 2. shows the results, [0065][Examples 2 to 1Q€ Coating films were
attainedgi%tr%?s;%ne 1rlr-1£)anner asé!an Ex?hp%sc%g%cenpjﬁéaftf the g&r%%bﬁﬁﬁl §)C‘\1wér1nsO Peoﬁflgcfgdagi/ 92

parts of sthosylaled/rmeihylolptonans taayiaa Uo¢ 20mol, andhe compaunds (3) shown in Table

1 were used at the contents shown in Table 2. After that, thé coating film condition and curability of
each of the resultantcoating filmsivere evaluated, Tablea shaws the regults. [0P66]IExample 11]
Coating films were obtained in the same manner as in Example 10 except that the polyamine resin (A)
was repteeed fyrhalsion hanghEmuision d ehiainpdin-Rreduetion Example:d was-used, After that,
the coating film condition and curability of each of the resultant coating films were evaluated. Table 2
shows the tsbults JO06 A[Exampie 32] acif9 parts:df iopexehange water andrlbpartsekNewcol
740 (manufactured by Nippon Nyukazai Co., Ltd., nonionic emulsifier) were dissolved homogeneously
by stirrifgPwitr ardispet! i thereby preparéean agueous @mulsifier solution:i After that;1343 pasts of a
compound (B), i.e., ethoxylated trimethylolpropane triacrylate (EC 3 mol) were added thereto, and the
mixture Was% i?%%%ﬁﬁé’tﬁsp@ﬁ%‘?{ﬁi{ﬁmtes to FOURhly disperse thecompodnd.sThe compound
was further dispersed using an ultrasonic homogenizer until an average particle size of 350 nm was
achieved toth ?etb]yoélbtain an emulsion of the compound (B). To 2,367 parts of Emulsion IlI
obtained in Production Example 6 as a polyamine resin (A) were added 118 parts of dipropylene glycol
n-butyl ether (DPnB) while stirring with a disper, and then 318 parts of the emulsion of the compound

(B) obtajngd,ig;the foregoing 2nt of the compound (B): 143 parts) were further added thereto
while stiFring W]Ith a disper, foﬁ%%gg%%%stﬁ%%g%r ?ﬁemcl:r%)u s'to %nérg(-:-%byl Sbtairt a'dIE ESalaﬁg

materiak. Iheesuliant coafing.materialwas.subjeted tothe same procedure as in Example 1, to
thereby obtain coating filmslg.l After théﬁ, thecoatingfilméoﬁ i%on and cureai%|(fi1t:ylf)\ligeg?{é"lﬁE ci tt‘?ehreesultant
coating fikng were evaluated. (kable 2-shows the 1esults. polyvamine resin (A) and the
compound (B) are used in an inhomogeneocus state in such a range
that the resin and compound can be easily mixed (can react with

each other). More preferably, the compound (B) and the polyamine

resin (A) are used in different phase states. In such states, an
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acute reaction progress of the polyamine resin (A) and the compound
(B) can be inhibited to appropriately adjust the reactivity.
Therefore, for example, in the case of using the aqueous coating
composition of the present invention is used as a two~component
coating material, an agueous coating composition having excellent
handling property can be obtained. Preferred examples of the states
include: a case where the compound {B) is a water-socluble compound,
and the polyamine resin (&) is a water-dispersible resin; a case
where the compound (B) is self-emulsifying; and a case where the
compound (B) is emulsifiedcn:dispersed,byijmapolyamine resin (A).
It should be noted that a determination of whether the compound
(B)is"non—water—soluble","water—soluble",or"self~emulsifying"
can be made by: adding 5 g of the compound (B) to 100 g of water
at room temperature; stirring the mixture {e.g., for 3 minutes);
allowing the mixture to stand still {e.g., for 5 minutes), and then
cbserving the state visually. BAfter allowing the mixture to stand
still, if the mixture contains precipitate, the compound is Judged
to be "non-water-soluble", if the mixture contains no precipitate
and is clear, the compound is judged to be "water-~scluble", and if
the mixture contains no precipitate and is turbid, the compound

is judged to be "self-~emulsifying".

[0044] In the case where the compound {B} has been denatured
by, for example, polyethylene oxide, the compound may be converted

intc a water-soluble or self-emulsifying compound by increasing
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the ethylene oxide addition mole number to enhance ite

hydrophilicity.

[0045] Examples of the water-soluble compound {B) include
ethoxylated bisphenol A diacrylate (EO 30 mol}, ethoxylated
trimethylolpropane triacrylate (EO 20 mol), ethoxylated
trimethylolpropane triacrylate (EQ 30 moly, ethoxylated
pentaerythritol tetraacrylate (EO 35 mol), ethoxylated glycerin
triacrylate (EO 20 mely, andethoxylatedtﬂsph@nolZ&dimethacrylate
(EO 30 mol). They may be used alone or in combination. It should
be noted that, for example, the expression "EO 30 mol" as used herein

means that 30 ethylene oxide groups are contained in the molecule,

[0046] Examples of the self-emulsifying compound (B) include
polyethyleneg&ycol#400diacrylate(EOEBmol),polyethyleneglycol
#600 diacrylate (EO 14 mol), polyethylene glycol #1000 diacrvlate
(EC 23 mol), ethoxylated bisphenol A diacrylate (EO 10 moly,
ethoxylatedbisphenolAcﬁacrylate(EOZOnml),ethoxylatedg&ycerin
triacrylate(Eo9nmi),andpolyethyleneglycol#1000dimethacrylate

(EC 23 mol). They may be used alone or in combination.

[0047] Examples of the compound {B) that may be emulsified or
dispersed by the polyamine resin (A) include polyethylene glycol
#200 diacrylate (EO 4 mol), ethoxylated bisphenol A diacrylate (FO

Bmol),ethoxylatedbisphenolZ%diacrylate{EO<4mol),propoxyiated
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bisphencl A diacrylate (PO 3 mol), 1,10-decanediol diacrylate,

tricyclodecanedimethanol diacryvlate, ethoxylated
2-methyl-1, 3-propanedicl diacrylate (EO 2 mol}, neopentyl glycol
diacrylate, 1, 6-hexanediol diacrylate, 1, 9-nonanediol diacrylate,

dipropylene glycol diacrylate (PO 2 mol}, tripropylene glycol
diacrylate (PO 3 mol), polypropylene glycol #4000 diacrylate (PO
7mol), polypropyleneglycol $#700diacrylate (PC12mol}), ethoxylated
trimethylclpropane triacrylate (EO 3 mol), ethoxylated
trimethylolpropane triacrylate (EO0 92 mol), trimethylolpropane
triacrylate, propoxylatedtrimethylolpropane triacrylate (PO3mol),
pentaerythritol triacrylate, ethoxylated pentaerythritol
tetraacrylate (EO 4 mel), ditrimethylolpropane tetraacrylate,

propexylatedpentaserythritol tetraacrylate (PO4mol), propoxyvliated
bisphenol A diacrylate (PO 4 mol), ethylene glycol dimethacrylate
(EO 1mol), diethylene glyceol dimethacrylate (EC 2mol), triethylene
glycol dimethacrylate {(EC 3 mol), tetraethvliene glycol
dimethacrylate (EO 4 mol), polyethylene glycol #400 dimethacrylate
(EO 9 mel), pelyethylene glycel #600 dimethacrylate (EOC 14 mol),

1,3~butanediol dimethacrylate, 1,4-butanediocl dimethacrylate,

1,6-hexanediol dimethacrylate, 1,9%-nonanedicl dimethacrylate,

ethoxylated bisphenol A dimethacrylate (EC 2.6 mol), ethoxyvlated
bisphenol A dimethacrylate (E0C 4 mol), ethoxylated bisphenol A
dimethacrylate (EO 6 mol), ethoxvylated bisphenol A dimethacrylate
(EC 10 mol), ethoxylated bisphencl A dimethacrylate (EOQ 17 mol),

neopentyl glycol dimethacrylate, ethoxylated polypropylene glycol
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#700 dimethacrylate (PO 12 mol, EO 6 mol), glycerin dimethacrylate,
tripropyleneglycoldimethacrylate(POZSmol),polypropyieneglycol
#400dimethacrylate(PO7Hwi),trimethyiolpropanetrimethacrylate,
and ethoxylated trimethyloclpropane trimethacrylate (EQ 9 mol).

They may be used alone or in combination.

[(G048] The compound (B) may be preferably used as a mixture
of a water-soluble compound and a non-water-soluble compound. If
suchmixture of thewater-soluble compound and the non-water-soluble
compeund is used, the non-water-soluble compound can be easily
introduced into a reaction system by the water-soluble compound.
Further, the resultant coating material is excellent in
low-temperaturecurability. Exanmplesofthewater-soluble compound
having one or more (meth)acryloyl groups in a molecule include the
above-mentioned water-soluble compound  (B). Examples of the
non~water~solublecompoundhavingonecn:more(meth)acryloylgroups
in a molecule include a compound which is not completely soluble
in water, such as propoxylated bisphenol A diacrylate (PO 4 mol).
The mixing ratio of the water-soluble compound (B) and the

non-water-scluble compound (B) (water-soluble/non-water-soluble)

is preferably 1/9 to 9/1, more preferably 2/8 to 8/2.

[0049] In one embodiment, beforemixing of the polyvamine resin
(A} and the compound (B), the compound (B) may be diluted with an

organic solvent. Examples of the organic solvent include ethylene
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glycol menobutyl ether (BC) and diethylene glycol monobutyl ether
{BDG) . When the compound (B} is diluted in advance with an organic
solventas;describedabove,ijzpolyaminezesin (A) and the compound
(B) can be easily mixed without using a special mixing device, to
therebyobtainacoatingcompositionhavingexcellentdispersibility.
As a result, the polyamine resin {(A) and the compound (B) can react

with each other efficiently.

[0G50] In another embodiment, the compound (B) is an emulsion.
That is, before mixing of the polyamine resin {A) and the compound
(B),amemulsifiermaybeﬁaxedwiththecompound(B),orthecompound
(B} may be emulsified or dispersed by a dispersant, an emulsifier,
Or an agueous resin. Moreover, in the case where the aqueous coating
composition of the present invention is a two-component agueous
coating composition, an emulsifier may further be added to the
above-mentioned curing agent. If such treatment is carried out,
the polyamine resin (A) and the compeound (B) can be mixed without
usingaspecialmixingdevice,totherebyobtainacoatingcomposition
having excellent dispersibility. 2As a result, the polyamine resin
(A} and the compound (B) can react with each other efficiently.
Further, if such treatment is carried cut, the compound (B} can
be treated as a nonhazardous material. A nonionic emulsifier, an
anionic emulsifier, or the like may be used as the emulsifier.
Examples of the nonionic emulsifier include a polyoxyethylene

alkylphenol ether, a polycxyethylene styrenated phenyl ether, a

20



-Qai CoOv... HO-PV-C, 053-H C.) (.0C01:1-0 4:4i -PCo 0A-) CL-1,---104 0CoeCo000>0Co (coCoC.)3 C)
0CoCo-CJ Co4CC 31-}Co

polyoxyethylene alkyl ether, a polyoxyethylene-polyoxypropylene
block pelymer, and a sorbitan fatty acid ester. Examples of the
anionic emulsifier include a dodecylbenzenesul fonic acid salt; a
dialkyl sulfosuccinic acid salt, a polyoxyethylene alkyl ether
sulfuricacidestersalt,eapolyoxyethylenestyrenatedphenylether
sulfuric acid ester salt, and an alkyl diphenyl ether disulfonic
acid salt. Examples of the dispersant include sodium polyacrylate
andanammoniumsaltofahalfesterofastyrene—maleicacidcopolymeru
Exampies of the agueous resin include a sodium salt of apolyacrylic

acid ester.

[0051] In still another embodiment, before mixing of the
polyamine resin (A} and the compound (B), the compound (B) may be
dispersed in a dispersing element of a resin different from the
polyamine resin (A}, Examples of the dispersingelement of the resin
inciudeanemulsionanddispersimﬁofanacrylicresinandanemuision
and dispersion of a urethane resin. When the compeund (B) is
dispersed in the dispersing element of the resin in advance as
described above, the polyamine resin (A) and the compound (B) can
be mixed without using a special mixing device, to thereby obtain
acoatingcompositionhavingexcell@ntdispersibility. Asaresult,
the polyamine resin (A} and the compound (B) can react with each

other efficiently.

[0052] D. Cecating method

21



LL I72- LYE? \OLC1OUT n7r-0 00?< ulLl

The agueous coating composition of the present invention may
be applied to any appropriate matter to be coated, A typical matter

to be coated is a surface of iron.

[0053] Examples of a method of applying the agueous coating
composition of the present invention include brush coating, air

spray, airless spray, and roller application.

[0054] The application amount of the agueous coating
composition of the present invention may be set to any appropriate
application amount depending on applications. In general, the

amount is preferably 10 to 300 g/m?.

[0055] A method of drying the agueous coating composition of
the present invention may be any appropriate drying method. The
method is preferably natural drying or heat drying. That is, the
agueous coating composition of the bresent invention may be used
&5 a coating composition capable of curing at ordinary temperature,
orn@ylxausedaseacoatingcompositioncapable<xfcuringknfh@ating.
In the case of natural drying, the drying time is preferably 24

hours or more, more preferably 1 week or more.

Examples
[C056] Hereinafter,Tﬁuapresentinventionjjsdescribedjj1more

detail by way of examples. However, the present invention is not
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limited to the examples. It should be noted that, unless ctherwise
specified, part(s) and % in the examples are by weight. Further,

evaluation items in the examples are as follows.

(00571 (Cocating film condition)

Coating materials obtained in Examples and Comparative
Examples were each applied onto a glass plate and dried (for 24
hours) at 25°C, and the coated glass plate was visually observed
to evaluate the ccating film for its burnish, transparency, and
coating film defects such as blisters and cissings.

Burnish ©: Highly burnished

A Moderately burnished
x: Not burnished
Transparency 0: No or little turbidity
4: Moderate turbidity
x: Severe turbidity
Coating film defects 0: No or few blisters and cissings
A: A few blisters and cissings
x: blisters and cissings across the

surface

(Curability)
The coating materials obtained in Examples and Comparative
Examples were each appliedonto glassplates and dried (for 24 hours)

at 25°C and 5°C to obtain coating films. The coating films were
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each rubbed with gauze impregnated with methyl ethyl ketone (MEK)
at the same temperature as that in its application and drying, and
the number of times of reciprocation until a glass base material
was exposedwasmeasured, Itshouldbemotedthatthenotation">200"
in the tables means that the glass base material was not axposed
even when the number reached 200, Further, if the number of times
of reciprocation until exposure is 100 or meore, the coating film
is evaluated to be acceptable.
(Anticorrosion property)

The coating films obtained in Examples were each applied onto
a sandblast plate using a brush at 200 g/m* and dried at 20°C for
seven days, to thereby cbtain a test specimen. A cycle corrosion
test, specified in JIS K 5600 7-7, was carried out for the test
Specimen. After120cycles,thecoatingfilmconditionwasconfirmed
based on the following criteria.

The ratio of a corrosion area in a coating film with respect
to the surface of the test specimen.

©: less than 0.05%

©: 0.05% or more and less than 0.1%

£: 0.1% or more and less than 0.3%

x: 0.3% or more

[0058] [Production Example 1] Preparation of polyamine resin
(epoxy~based polyamine resin}

702partsofaﬂlepoxyresinhavingamqepoxyequivalentof388,
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which was synthesized from bisphenol A and epichlorohydrin, 269
parts of bisphenol A, 108 parts of dimer acld, and 190 parts of
methyl iscbutyl ketone (hereinafter, referred *to as "MIBK") were
fed to a reactor equipped with a stirrer, a cooler, a nitrogen
injection tube, and a thermometer, and the mixture was allowed fo
react in the presence of 1 part of benzyldimethylamine at 117°C
until the epoxy equivalent reached 1,270. After that, 255 parts
of a ketimine compound of aminoethylethanolamine (73 wt% MIBK
solution) were added thereto, and the mixture was allowed to react
at 117°C for one hour. Subsequently, the mixture was diluted with
MIBK until a nonvolatile content of 75% was achieved, to thereby
cbtain an epoxy-based polyamine resin having a number average

molecular weight of 2,400 and an amine equivalent of 1,184.

(0059] [Production Example 2] Emulsification of epoxy-based
polyamine resin

Acetic acid was added to the epoxy-based polyamine resin
obtained in Production Example 1 so that a neutralization ratio
(neutralization ratic of the resin based on amine groups) of 20.0%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBK and water was removed under reduced
pressure until a solid content of 40 wt% was achieved, to thereby

prepare Emulsion T.

[0060] [Production Example 3] Preparation of polyamine resin
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{acrylic polyamine resin)
670partsofMIBKwerefedtxyaxeactorequippedwitheastirrer,
a cooler, a nitrogen injection tube, a thermometer, and a dropping
funnel, and the mixture was heated to 110°C. A solution containing
540 parts of styrene, 400 parts of n-butyl acrylate, 140 parts of
glycidyl methacrylate, 100 parts of MIBK, and 20 parts of t~butyl
peroctoate was added dropwise over three hours to the reactor using
the dropping funnel. After completion of the dropwise addition,
themixturewasnmintainedat110°Cfor30nﬁnutes,andthenasolution
coentaining 2 parts of t~-butyl peroctoate and 50 parts of MIBX was
added dropwise over 30 minutes. After completion of the dropwise
addition, the reaction was further continued at 110°C for one hour,
to thereby obtain an acrylic resin varnish having a nonvolatile
content (including epoxy groups) of 60%. To 1,920 parts of the
resultant varnish were added 255 parts of a ketimine compound of
aminoethylethanclamine (73 wt% MIBK solution), and the mixture was
allowed to react at 117°C for one hour, to thereby ocbtain an acrylic
poelyamine resin having a number average molecular weight of 10,000

and an amine equivalent of 1,184,

Iooel1] [Production Example 4] Emulsification of acrylic
polyamine resin

Acetic acid was added to the acrylic pelyamine resin obtained
in  Production Example 3 so that a neutralization ratioc

(neutralization ratio of the resin based on amine groups) of 20.0%
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was achieved, and the mixture was diluted with ion-exchange water,
After that, a mixture of MIBK and water was removed under reduced
pressure until a solid content of 40 wtd was achieved, to thereby

prepare Emulsion II.

[0062] [Producticn Example 5] Preparation of polyamine resin
(epoxy-~based polyamine resin)

742 parts of an epoxy,resin.havingaﬂlepoxy'equivalentcx5188,
which was synthesized from bisphenol A and epichlorohydrin, 336
parts of bisphenocl A, and 190 parts of MIBK were fed to a reactor
equipped with a stirrer, a cooler, a nitrogen injection tube, and
a thermometer, and the mixture was allowed to react in the presence
of 1 part of benzyldimethylamine at 117°C until an epoxy equivalent
of 1,270 was achieved. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 wt% MIBK solution) were added thereto,
andthenﬂxturewasallowedtoreactatll?OCforlhour. Subsequently,
27partsofionwexchangewaterand188partsofgiycidylneodecanoate
{(Cardura E10-P) were fed thereto, and the mixture was allowed to
react at 100°C for 2 hours. After that, the mixture was diluted
withMEBKuntilarmwwolatilecontentcﬁ?75%wasachieved,tothereby
obtain an epoxy-based polyamine resin having a number average

molecular weight of 2,600 and an amine equivalent of ¢47,.

[0063] [Production Example 6] Emulsification of epoxy-based

polyamine resin
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Compound (B) (parts) Burnish 1 Transparency , . . holsters /cissings D,SE 'an](a) Polyamine resin
(A) (parts)

Acetic acid was added to the epoxy;based polyamine resin
obtained in Production Example 5 so that a neutralization ratio
(neutralization ratio of the resin based on cationic groups) of
20.0% was achieved, and the mixture was diluted with ion-exchange
water. After that, a mixture of MIBK and water was removed under
reduced pressure until a scolid content of 40 wt$ was achieved, to

thereby prepare Emulsion TII.

[0064] [Example 1]

To 2,960 parts of Emulsion I obtained in Production Example
2 as apolyamine resin (A) were added 118 parts of dipropylene glycol
n-butyl ether {(DPnB) while stirring with a disper, and then 392
parts of ethoxylated trimethylolpropane triacrylate (EQO 20 mol)
(manufactured by Shin-Nakamura Chemical Co., Ltd., product name
"AT—2OE")werefurtheraddedtheretoasacxm@ound(B)whilestirring
wiUzadisper,followedbystirringforlOndﬂutes,totherebyobtain
aclearcoatingmaterial. Theresultantcoatingmaterialwasapplied
onto glass plates using a 6-mil applicator under environments of
25°C and 5°C, and the material was dried for 24 hours under the
same environments as in its application, to thereby obtain coating
films. After that, the coating film condition and curability of
each of the resultant coating films were evaluated. Table 2 shows

the results.

[0065] [Examples 2 to 10]
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A pigment-dispersed composition containing 100 parts of tap water, 34 parts of DISPERBYK.%l _
(manufactured by BYK, pigment dispersant), 2 parts qf BYK-OlE_) (manufactured by BYK,I ant|boaméng
agent), 170 parts of calcium carbonate, 185 parts of titanium oxide, and 2 parts of a caIC|um-f ase
anticorrosion pigment was dispersed with a disper for 30 minutes. Subsequently, 450 parts o
Emulsion | obtained in Production Example 2 as a polyamine resin (A), 18 parts of DPnB, and 10 parts
of Adecanol UH-420 (manufactured by ADECA CORPORATION, associated thickener) were added

i ' i ' btained by dissolving 41
and mixed, to thereby: perparea;age coaling sojution, Further, a solution o
parts of a compound (B)E,Qij.)e., propoxylated bisphenol A cl_lac€reylaiaemf)PB‘_—jé{1 rrh%lf) ishs4irb Bt;PEBPnB was
added while:stistingrwish a dispeiand:the; mixjlye was:stired for 10-miny essbtg%*%t%f&géfag%g plt
enamel coatingmaterial. The resultant coating material was applied onto glass plates usin -mi

applicator uhder-epvirdnmentsrof 25C and pG and the material was drjed;for 24:hours, ggd?é }hedggme
environments as in its application, to thereby obtain coating fllms.‘ Aftgr that, the coating film condition,
curabilitys Bfidraritiedteosion prepertyiof eachtof-the resuitant-coating,films, were evaluated: Table 3
shows the results.

that, the coating film condition and curability of each of the

resultant coating films were evaluated. Table 2 shows the results.

[0066] [Example 11]

Ceating films were obtained in the same manner as in Example
10 except that the polyvamine resin (A} was replaced by Emulsion
I, and EﬁulsionZK[obtainedjxaProduction,Example14was used. After
that, the coating film condition and curability of each of the

resultant coating films were evaluated. Table 2 shows the results.

[0067] [Example 12]

159 parts of ion-~exchange water and 16 parts of Newcol 740
(manufactured by Nippon Nyukazai Co., Ltd., nonionic emulsifier)
were dissolved homogeneously by stirring with a disper, to thereby
prepare an aqueous emulsifier solution. After that, 143 parts of
a compound (B), i.e., ethoxylated trimethylolprepane triacrylate
(EC 3 mol) were added thereto, and the mixture was stirred with
a disper for 10 minutes to roughly disperse the compound. The
compoundwasfurtherdispersedusinganultrasonichomogeﬂizeruntil
an average particle size of 350 nm was achieved, to thereby obtain

an emulsion of the compound (B).
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[0071][Example 14] Coating films were obtained in the same manner as in Example 13 except that
33 parts of ethoxylated glycerin triacrylate (ED 9 mol) (manufactured by Shin-Nakamura Chemical
Co., Ltd., product name "A-GLY-9E", Compound(B) No.6) were used instead of 41 parts of
propoxylated bisphenol A diacrylate (PO 4 mol). After that, the coating film condition, curability, and
anticorrosion property of each of the resultant coating films were evaluated. Table 3 shows the results.
[0072][Example 15] Coating films were obtained in the same manner as in Example 13 except that
450 parts of Emulsion Il obtained in Production Example 4 were used as a polyamine resin (A) instead
of 450 parts of Emulsioneljoptained i PreduetionExample:-2. theicoating film-conditien scyrability, and
anticorrosion property of each of the resultant coating films were evaluated. Table 3 shows the results.
[0073]Cdatingitms. were. obtaimed in the same manaeriassinfxample d3exqept hat 450 parts of
Emulsion Il obtained in Production Example 6 were used as a polyamine resin (A) instead of 450
parts of Emiision | ebtaived inFPidductidn Exampte 2nand 61 pastsaf the emulsian wf ethaxytated
trimethylolpropane triacrylate (EO 3 mol) produced in Example 12 were used as a compound (B)
instead 61tR& SotitidR DRAEIRed Y diREolirg A Iparts ef propeiiateddisphenbbAfdinendatedPO 4
mol) in 41 parts of DPnB. The coating film condition, curability, and anticorrosion property of each of

the resultat bR inS fsredaiHeETablé 3 SRoWS the) Sesufts oo Fréts 3 Example 13

Example 14 . L : . .
whnile stirring with a disper, followed by stirring for 10 minutes,

to thereby obtain a clear coating material. The resultant coating
material was subjected to the same procedure as in Example 1, to
therebyobtaincoatingfilms. Afterthat, thecoatingfilmcondition
and curability of each of the resultant coating films were evaluated.

Table 2 shows the results.
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Example 15 Example 16 Compound(B)No. 10 6 10 11 Composition of coating material Base coating

solution (parts) 971 971 971 971
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41(82)* 27(61)* Curability 25C >200 >200 >200 >200 5C 120 150 120 150 Anticorrosion property @ o

[CO70] [Example 13]
A.pigment—dispersed,composition containing 100 parts of tap
water, 34 parts of DISPERBYK-190 (manufactured by BYK, pigment
dispersant), 2 parts of BYK-019 (manufactured by BYK, antifoaming
agent), 170 parts of calcium carbonate, 185 parts of titanium oxide,
and 2 parts of a calcium-based anticorrosion pigment was dispersed
with a disper for 30 minutes. Subsequently, 450 parts of Emulsion
I obtained in Production Example 2 as a polyamine resin (A}, 18
parts of DPnB, and 10 parts of Adecanol UH-420 (manufactured by
ADECA CORPORATION, associated thickener) were added and mixed, to
thereby prepare a base coating solution. Further, a solution
obtainedkufdissolvingzﬁipartsofkacompound(B),_i.e.,propoxylated
bisphenol A diacrylate (PC 4 mol) in 41 parts of DPnB was added
while stirring with a disper, and the mixture was stirred for 190
minutes,totherebyobtainanenam@lcoatingmaterial. The resultant
coating material was applied onto glass plates using & 6é-mil
applicator under envircnments of 25°C and 5°C, and the material was
driedfbr;hihoursunderthesameenvironmentsasjjlitsapplication,
to thereby obtain coating films. After that, the coating film
condition, curability, and anticorrosion property of sach of the

resultant coating films were evaluated. Table 3 shows the results.

[0071] [Example 14]
Coating films were obtained in the same manner as in Example

13 except that 33 parts of ethoxylated glycerin triacrylate (EQ
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.3, (c) * The numbers in the parentheses each represent an amount in terms of a solution or an
emulsion. [0075][Comparative Example 1] Coating films were obtained in the same manner as in
Example 1 except that the compound (B) was not used. After that, the coating film condition and
curability of each of the resultant coating films were evaluated. Table 4 shows the results.
[0076][Comparative Example 2] Coating films were obtained in the same manner as in Example 1
except that 2,100 parts of urethane acrylate having a molecular weight of 4,200, a viscosity of 30,000
mPa.s, and 2 functional groups (UA-W2, manufactured by Shin-Nakamura Chemical Co., Ltd.) were

used insteadof the.compound (B) /After that, the ¢oating film condition and curability of each of the
resultant coating films were evaluated?Tab?‘e quﬁ%\?vg% & rgéﬁ%%%ﬁfco%’_a%twé’ﬁ?gﬁfﬁe 3]

Coating filmsavere-ghtained-in the samemanneas N Ex le. 1 except that 94 parts, of

dipentaerythritol hexaacrylate havingg a molicﬂlar we%ht C%E]S%Z,Sae\%séggt%yegé,gp Ognlin%,tﬁ’nd 6

functionab groupp weye used instepd Of thexcempeund (B).. Afigrihat,the coating f ”{@1% Sr,]djati%' and
ults.

curability of each of the resultant coating films were evaluated. Table 4 shows the res
[0078][Conphtatve Examplad] « 1 oSoatingsfilnsiwere abtained E%@Fﬁ%ﬁ%ﬁ‘%%gea&ig) Example 1
except that 255 parts of a oisphenol type epoxy resin having a molecular weight of 510, a'viscosity of
100,000 #iP& s> alhd 2 acryloyt groupso(Ripoxy ¥R-7Z, manufactured by SHOWA HIGHPQL YMER
CO., LTD,) were used instead of the compound (B) . After that, the coating film condition and curability
of each of the FéSiitdnt coating films were evaluated. Table 4 shows the results. [0079][Table 4]

[cC723 [Example 15]

Coating films were obtained in the same manner as in Example
EBexceptthat450partsofEmulsionZIobtainedimProductionExample
4 were used as a polyamine resin (A) instead of 450 parts of Emulsion
I obtained in Production Example 2. The ceating film condition,
curability, and anticorrosion property of each of the resultant

cecating films were evaluated. Table 3 shows the results.

[0073] Coating films were cbtained in the same manner as in
Example13exceptthat450partsofEmulsionIIIobtainedinProduction
Example 6 were used as a polyamine resin (A) instead of 450 parts
of Emulsion I obtained in Production Example 2, and 61 parts of
the emulsion of ethoxylated trimethylolpropane triacrylate (EO 3
mol} produced in Example 12 were used as a compound {B) instead
of the solution obtained by dissoclving 41 parts of propoxylated
bisphenol A diacrylate (PO 4 mol) in 41 parts of DPnB. The coating
film condition, curability, and anticorrosion property of each of

the resultant coating films were evaluated. Table 3 shows the
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Comparative Example 1 Comparative Example 2 Comparative Example 3 Comparative Example 4

Coating film condition Burnish O o [HHHISHITIHHINENIT Transparency
resuits.
[0074] [Table 3]
Example Example Example Example
13 14 i5 16
Compound (B} No. 10 & 10 i
Base coating 971 971 971 971
solution {(parts)
Composition of E@uls;on Emulsion | Emulsion | Emulsion | Emulsion
A - containedinbase
coating material : . I I 1z III
coating solution
Compound (B) . . "
7
(parts) 41(82) 33 41(82) 27(6l)
Curabilit 25°C >200 >200 >200 >200
7 5°C 120 150 120 150
Anticorrosion property © o A ©

* The numbers in the parentheses each represent an amount in terms
of a solution or an emulsion.

[0075] [Comparative Example 1]

Ceating films were obtained in the same manner as in Example
1 except that the compound (B) was not used. After that, the coating
film condition and curability of each of the resultant coating films

were evaluated. Table 4 shows the results.

[0076] [Comparative Example 2]

Coating films were obtained in the same manner as in Example
1 except that 2,100 parts of urethane acrylate having a molecular
weight of 4,200, aviscosity of 30,000 mPa-s, and 2 functional groups
(UA—W2,manufactunaibyShin*NakamuraChemicalCo.,Ltd.)wareused

instead of the compound (B). After that, the coating film condition
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andcurabilityofeachofthexesultantcoatingfilmswereevaluated.

Table 4 shows the results.

[0077) [Comparative Example 3]

Coating films were obtained in the same manpner as in Example
1 except that 94 parts of dipentaerythritol hexaacrylate having
an@lecularweightof562,aviscosityof6,600m9a-s,and6functional
groupswere used instead of the compound (B) . After that, thecoating
filn1conditionenxicurabiiitycﬂfeachcﬁfthe.resultant.coating.films

were evaluated. Table 4 shows *the results.

(00787 [Comparative Example 4]

Coating films were obtained in the same manner as in Example
1 except that 255 parts of a bisphenol type epoxy resin having a
molecular weight of 510, aviscositycxflO0,000znPa-s,andﬁ2acryloyl
groups {(Ripoxy VR-77, manufactured by SHCWA HIGHPOLYMER CO., LTD.)
were used instead of the compound (B). After that, the coating film
condition and curability of each of the resultant coating films

were evaluated. Table 4 shows the results.
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20 20 30 30 [0080][Comparative Example 5] 1,000 parts of Adeka Resin EM-101-50 (aqueous
epoxy resin emulsion manufactured by ADEKA CORPORATION; epoxy equivalent 1000, solid content
50%) and 50 parts of DPnB were mixed to prepare a base coating solution. Subsequently, 200
parts of SUNMIDE WH-900 (manufactured by Air Products and Chemicals, Inc., denatured aliphatic
polyamine, nonvolatile content 60%, amine number 220) were added as a curing agent to the base
coating solution, and mixing was carried out by stirring with a disper. The resultant coating material
was applied onto glass plates using a 6-mil applicator under environments of 25C and 5C, and the
material was dyied for 24 fouss ander the same environments as in its application, to thereby obtain

coating-films—The-curability of each-of-the r%w;anm@aupg_mms_was_euajuatpd As .’-1 esult,-the
cutability at 25C was good (MEK resistan ,eﬁg@g mes), ag@pﬁfat Vfeeuéfllﬁ i ire éﬁgﬂig%é"&he

material'was easily dissolved i MEK). [O08T]AS IS C|ear from |@D|es 2 ands, Lne agugous taatmy
compositionof therpresent-imeentien san achievessufficient low-temperature curability,{which eannot be
achievegrir tfiétase of the ‘corwentional aqueous coating materjal (Comparative Example 5).,
[O(%MMML@%J%QHHQ of ':YQZTQEIQQ 13,14, ignd 16 (Table 3), when each of the
epoxy-fbase@pqtyamme res.n%%uocd asra po_!yﬁ._.:nc FeSHE Z%possat le-te-o %a“ an f-q"ﬂ@g
coating tomposition which canmproducea coating fitmhaving-exceltent-anticorrosion-propertyin
addition to the low-temperature curability. Industrial Applicability [0083]The aqueous coating

composmon Of the present invention
[00807 [Comparative Example 5]

1,000 parts of Adeka Resin EM~101-50 {aqueous epoxy resin
emulsion manufactured by ADEKA CORPORATION; epoxy equivalent 1000,
solid content 50%) and 50 parts of DPnB were mixed to prepare a
base coating sclution.

Subsequently, 200 parts of SUNMIDE WH-300 (manufactured by
Air Products and Chemicals, Inc., denatured aliphatic polyamine,
nonvolatile content 60%, amine number 220) were added as a curing
agent to the base coating solution, and mixing was carried out by
stirring with a disper. The resultant coating material was applied
onte glass plates using a 6-mil applicator under environments of
25°C and 5°C, and the material was dried for 24 hours under the
same environments as in its application, to thereby obtain coating
films. The curability of each of the resultant coating films was
evaluated. As a result, the curability at 25°C was good (MEK
resistance >200 times}), and the material did not cure at all at

5°C (the material was easily dissolved in MEK).

(00811 As 1is clear from Tables 2 and 3, the agueous coating
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can be suitably used as a construction coating material or a heavy-duty coating material in an
anticorrosive, a sealer, a primer, or the like fora bridge, a building exterior, a floor, a building product,
or the like. Claims [Claim 1] An aqueous coating composition, comprising: (A) a water-soluble or
water-dispersible polyamine resin having one or more primary amine groups and/or secondary amine
groups in a molecule; and (B) a compound having one or more (meth)acryloyl groups in a
molecule; wherein: the polyamine resin (A) has an amine equivalent of 100 to 3, 000, and the
compound (B) has a viscosity at 25C of 3,000 mPa.s or less. [Claim 2] An aqueous coating

~compositigsrgesording o claimcLwhgtei. . the, agyeous, coating composition is atwozcomponent
agueous coating composition; a base coating solution comprises the polyamine resin (353; and a curing
agentCommmBE&ﬂm%@@m@@én@&Bébility, which cannot be achieved in the case

of the conventional agueous coating material {(Comparative Example

3.

[0082] Further, as is clear from the results of Examples 13,
14, and 16 (Table 3), when each of the epoxy-based polyamine resins
is used as a2 polyamine resin, it is possible to obtain an aqueous
coatingcompositionwhichcanproduceacoatingfilmhavingexcellent
anticorresion property in addition to +the low~temperature

curability.

Industrial Applicability

[co83} Theaqueouscoatingcompositionofthepresentinvention
canbesuitablyusedasaconstructioncoatingmaterialoraheavymduty
coating material in an anticorrosive, a sealer, a primer, or the
like for a bridge, 3 building exterior, a floor, a building product,

or the like.
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[Claim 3] An aqueous coating composition according to claim 1 or 2, wherein the polyamine resin (A)
is an acrylic polyamine resin or an epoxy-based polyamine resin. [Claim 4] An aqueous coating
composition according to any one of claims 1 to 3, wherein the compound (B) has a molecular weight
of 150 or more and 2,000 or less. [Claim 5] An aqueous coating composition according to any one of
claims 1 to 4, wherein the compound (B) is a water-soluble compound, and the polyamine resin (A) is
a water-dispersible resin. [Claim 6] An aqueous coating composition according to any one of claims 1
to 4,wherein the compound (B) is a self-emulsifying compound. [Claim 7] An agueous coating
composition according to any one of claims 1 to4, wherein the compound (B) is emulsified or
dispersed by the polyamine resin (A). [Claim 8] An aqueous coating composition according to any one

of claims [L:to=4 nwhereimthecempaund, B):is & mixtyeafia water; le §9H’£9U”d and a
non-water-soluble compound. [Claim 9] An aqueous coating composition according to any one of

claims 1 to 4, wherein thescorapound. (B)lis ap emuisified gompoundi[Claig,10].An aguequs coating

composition according to any one of claims 2 to 4, wherein the curing agent further comprises an
anugﬁbhaV1ngonecxrmoreprimaryaminegroupsand/orsecondaryaminegroups

in a molecule; and

(B) a compound having one or more (meth)acryloyl groups in
a molecule;

wherein:

thepolyamineresin(A)hasanamineequivalentof100toB,OOO,
and

the compound (B} has a viscosity at 25°C of 3,000 mPa-s or

legs.

(Claim 2] An agueous coating composition according to claim 1,

wherein:

the aquecus coating composition is a two-compenent agueous
coating composition;

a base coating solution comprises the polyamine resin (A};

and

a curing agent comprises the compound (B).
[Claim 3] An agueous coating composition according to claim 1 or

2, wherein the polyamine resin (A) is an acrylic peolyamine resin

or an epoxy-based polyamine resin.
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[Claim 4] An aqueous coating composition according to any cne of
claims 1 to 3, wherein the compound (B} has a molecular weight of

150 or more and 2,000 or less.

(Claim 5] An agueocus coating composition according to any one of
claims 1 to 4, wherein the compound (B) is a water-soluble compound,

and the polyamine resin (A) is a water-dispersible resin.

[Claim 6] An agueous coating composition according to any one of

claimslto4,whereinthecompound(B)isaself—emulsifyingcompound.

[Claim 7] An aguecus coating composition according to any ocne of
claims 1 to 4, wherein the compound (B) is emulsified or dispersed

by the polyamine resin (A).

[Claim 8] An agueous coating composition according to any one of
claimsltx>4,whereinthecompound{B)isanﬁxtureofavmterwsoluble

compound and a non-water-soluble compound.

[Claim 91 An agueous coating composition according to any one of

claims 1 to 4, wherein the compound (B} is an emulsified compound.

[Claim 10] An agueous coating composition according to any one of
claims 2 to 4, wherein the curing agent further comprises an

emulsifier.
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