F2P-NPP11066PC1 Description Title of Invention: WATER-BASED COATING COMPOSITION, AND
PROCESS FOR FORMATION OF COATING FILM AND PROCESS FOR FORMATION OF
MULTILAYER COATING FILM, WHICH COMPRISE USING THE WATER-BARBEDYKIOAARIGT
COMPOSITION Technical Field [0001]The present invention relates to an aqueous coating
composition, and a method of foituing a coating film and a method of forming a multilayer coating film
each using the aqueous coating composition. Background Art [0002]As an anticorrosive coating
material, a one-component solvent type coaﬁggm ggloc}pntaining an alkyd resin as a main
component is generally used. Meanwhile, there Is a demand for an aqueous anticorrosive coating
material psan:epyiranmenially friendhy mateAaleForSXaTRIE, @MERBYESIY disRErsiginFesiny has

been proposed as a main binder suitable for the aqueous anticorrosive coating material (see Non

Patent LiteratuseridT o enoxy estandispeisionresio has Heerk reppiied 1o ke exeellentrin saft spray
resistance, moisture resistance, water resistance, and the like as compared to a water-soluble alkyd

resin andenTENgic BmuisionwesioH [0008Hovmyeryevakyduesinhasa prakiem incbatfogaldehyde
is generated when the resin is cured. Further, the epoxy ester dispersion resin has a problem in that its
corrosioREgISANTE GTnot sufficient. Accordingly, there is a demand for an anticorrosive coating
material having additionally excellent performance. [0004]Although a coating film formed with the
anticorrosive coating material may, of course, be used by itself, an additional improvement in coating
film performance may be attained when the coating film is processed into a multilayer through fo
[dation ofeFeRierEbaling ¥ifn (for example, on the coating film formed with the anticorrosive coating
material). However, there is a problem in that, when adhesiveness between the coating films

(interlayéP 4GHdsiveness) REI0wF STffetert pEFOFMaRcd sy it bePe iRl ea@nEn TR NrdPatent
LiteraturgIJ‘%OOSS] NPL 1] "Introduction to nmentally Friendly Technologies, Environmentally
0

Friendly TOtRRy a%SPBag@é?Aﬁti@gﬁg&g:%%aﬁﬁﬂ% efh, RUSTEREVEN RSN R BEINAROL

JAPAN ’é‘ P ’fl\cg%m]i’nzgo %2m81%61'§ gyseurmc%%.rg 10 Ifléymf%qtrlnoggce ﬁh&]écla Illg rt?ltq)!aeg]queous coating

composition.

Background Art

[0002] As an anticorrosive coating material, a one-component
solvent type coating material containing an alkyd resin as a main
component is generally used. Meanwhile, there is a demand for an
aqueous anticorrosive coating material as an environmentally
friendly material. For example, an epoxy ester dispersion resin
has been proposed as a main binder suitable for the aqueous
anticorrosive coating material (see Non Patent Literature 1) . The
epoxy ester dispersion resin has been reported to be excellent in
salt spray resistance, moisture resistance, water resistance, and
the like as compared to a water-soluble alkyd resin and an acrylic

emulsion resin.



[0006]The present invention has been made in order to solve the conventional problem, and a main
object of the present invention is to provide an aqueous coating composition excellent in corrosion
resistance. Another object of the present invention is to provide a method of FaitaiPad deEdGTilm
having excellent corrosion resistance and being excellent in interlayer adhesiveness. Means for
solving the Problems [0007]According to one aspect of the present invention, an aqueous coating
composition is provided. The agueous coating composition includes an amine-modified epoxy resin (A)
which is ined by modi '!gg an.epo esi ing olecylar weight of 2,000 or.more and having
a bispher?gfwsdﬁjeton Wit%g!n amlrr%é co?n%éour%} %?gi a f)all%%i(r:llzelf??é) Wahicﬁ%%%g%egloiliﬁa pgzl%tagf 200C

or more gpdigwaleriRgolubleg.ne /008 GRDAdimentailhe invention.a contentaf the plagticizer

(C) is 10 to 30 parts by mass with respect to 100 parts by mass in total of the amine-modified epoxy

resin (A)apshipediasticizer 468 r s 1 onlnianothengmbodirpept ehtheinvention; the amingsmpogified
epoxy resin (A) has an amino group neutralized with an acid compound (B) . F2P-NPP11066PCT

In still anegherarabedimentof the dhenioanthe amine-mpoified epexetasin éA) hasmmsrrutralization
ratio of 10 to 804. In still another embodiment of the invention, the amine-modified epoxy resin (A)
has a medifieationaaterofsi te 1@ orassty ma thastih anathet ebodtimenbofatheynention ket
plasticizer (C) has a water solubility of 10 parts by mass or less in 100 parts by mass of water.
Accordingas apotigarcespect of the invention, a method of forming a coating film is provided. The
method of forming a coating film includes coating a substrate with the aqueous coating composition to
form a coating film. According to still another aspect of the invention, a method of forming a
multilayer coating film is provided. The method of forming a multilayer coating film includes coating a
substrate #tAthe aqueotis EBIHIG BnTRESHiGHtd fokmh g‘b’&aﬁﬁgvﬁr‘ﬁ}hﬁ@ﬂ)mﬂﬁ@%‘%ﬁﬁ%ééﬁﬁg layer
on the coating film. In one embodiment of the invention, the method_of forming a multilayer coating

film furthePHeite SRR an TRErmBGide UESS- NPB11666P8 LostgflayRP after e fdHfihg of the
coating film with the a%ueous %oattiln cam; ositior% Emd before the foifmin of the top coatinghg%/er.
t

In anothér EmBodimant of the Mventign, the mBtHod of forming & mutfaer Gdating M Tr
includes Jyring areungereaaing, layer g the substialpibafole e THping,of e coaping fim it the
aqueous coatingcomposition.”Advantageous ects o nvent%n

another coating film (for example, on the coating film formed with

the anticorrosive coating material). However, there is a problem

in that, when adhesiveness between the coating films (interlayer

adhesiveness) is low, sufficient performance may not be exerted.
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Summary of Invention

Technical Problem



[0008]According to the aqueous coating composition of the present invention, a coating film to be
obtained includes a rigid bisphenol skeleton in a large amount and is excellent in corrosion resistance.
Basically, an epoxy resin formedof a bisphenol skeleton has high rigidity prop@hiditdt tbGtsRislecular
weight. As rigidity increases, corrosion resistance improves. However, a glass transition point also
increases, which makes it difficult to form a coating film. According to the present invention, a hard
component which, as it is, may not be formed into a coating film as described above and a plasticizer
satisfying[ég%(‘é'flic featureﬁ@%@é@@ﬂ@%ﬁ@%@fi%@ ggu%%%?}cgg'%neg Eﬂmc?oéitié)'kg‘aé a t\}ieves
excellent corrosion resistance can be obtained. [0009]Specitically, a coating Ti m Tormed with the
aqueousaatagSAURRIBHAN of8e PivseaLIRINR BESUPRIBY IDfAYe SUEh 2 SUNAILE AT an
amine-modified epoxy resin including a F2P-NPP11066PCT rigid bisphenol skeleton in a large
amount ingludes the,plastisizerdodens a in iNeprRiibe plastsizer daaluded in the aqpegys soating
composition volatilizes at the time of film formation (coating) and at the time of drying, but a large part
of theplasticizerisconsidexad to.éarmisjeaatingefilihin greiatenef beingrncluded indhearainemodified
epoxy resin. The plasticizer has a low water solubility and a high boiling point, and hence is
suppressednfedrhodlatilizifgp outiofthe coatirgifilgn dsi huchas pogsiblec d hissistconsiderediton
contribute to additionally excellent corrosion resistance. Further, the coating film formed with the
agqueoustAiAg AP oiItibNCsTithe preset isvdntibn i eikeelleny @radiddsiesnessdosother layers.
Accordingly, a multilayer coating film foimed according to the the present invention can have not only
additionally improved corrosion resistance due to being a multilayer but also a characteristic of having
a function possessed by a top coating layer and corrosion resistance in combination. [0010]The
aqueous g oM positio er thBpré<&hisiEhtion, because of being aqueous, is excellent from an
environ entalﬂerspective. Further, the agueous coating composition does not utilize oxidative
polymerization,‘and hen& S BFSHIBH SRIPES tREFEREratibn BtoRnSHER)de BEES hdCoec#in
addition,_in the formation of a coatiré%fil%ingncu:{ing a?ent. r&e%ds toﬁg used, and hence the aqueous

ac mpoS & Ty, APrGHIeH iff Stbragdé stability

. agueoll CO 1n C S V. . -
coating co%posn:lson can be tsed as a one-compone% fi/pe. Recordi
or workabiipy S2R:NEP1A066RET-Dasedan acyring reaciitydags natoccur s descried gbove,
through the use of the epoxy resin having a high molecular Wels titself as a component for %ormlng a

coating fim-tomake the meest of theycharagtersticafths eppxygsin.Amagueaus ¢pating composition
having sufficient performance as an anticorrosive coating material can be obtained. Further, through
the use of sush agureUs coaling comPesiionoa methogkel ferping 2 coating filn, provided with
excellent corrosion resistance and excellent from an environmental perspective as well can be
obtaineda@sariptians of EmbodinentsqR0d h]AuaA0 e astsi O GeAMPOSITOR 0 0 © AnbadRaus coating
composition of the present invention includes an amine-modified epoxy resin (A) and a plasticizer (C)
which hasna boeing ot -of 200Cutrlmore and is water-insoluble. The plasticizer (C) , when mixed with
the amine-modified epoxy resin (A) at a mass ratio of 1:1, is capable of dissolving the amine -modified
epoxy resin (A). The aqueous coating composition of the present invention is preferably a water
dispersion or an aqueous solution of the amine-modified epoxy resin (A). [0012]The
amine-modifiedepd Ry fedFPA 18 §ipicallyiobtaliete By hestifieeahpo R resmmlis s 4 e
compound. The epoxy resin constituting the amine-modified epoxy resin (A) is an epoxy resin having a

bisphendSkeletort. oTHE e pdxPRISHFhRVingaStisplidhbl respect  to 100 parts by mass

in total of the amine-modified epoxy resin (A) and the plasticizer

(C).

In another embodiment of the invention, the amine-modified

epoxy resin (A) has an amino group neutralized with an acid compound

(B) .



F2P-NPP11066PCT skeleton has high rigidity and the resin itself has excellent corrosion resistance.
The epoxy resin having a bisphenol skeleton typically has a structure in which bisphenol A and
diglycidyl ether of bisphenol A are condensed with each other, and the structk?@-NPEpicEemed by the
following general formula (n represents an integer). [Chem. 1] CHF-CH-CH/0 0-CH2CHCH2 0 OH
0 -CH,-CK-1 [0013]The bisphenol skeleton preferably accounts for 90 mass% or more of the epoxy
resin. The use of the epoxy resin thus having high rigidity can provide excellent corrosion resistance.

[0014]The epoxyfesin (before [fication) has a malecular weight of 2,000 or more, more_preferably
2,000 to 8,500, s.iLlr | mosr((g %%fer%ﬁ%g?g%ﬁ to%%)c?og.nWﬁg%theO%ole%%%r W%a?dﬁllj‘s fé%g than 2:000,

corrosion fesistanee My duee,Nynendhe molseylarweight ispore hap.8,300. the amipe-fpodified
epoxy resin (A) to be obtained'is difficult to disperse or dissolve in water, which may result in phase
separatiafy Harein, the term "molecular weight"” refers to a value calculated with "epoxy equivalentx2"

on the assumption of having the above-mentioned structural foimula.

In still another embodiment of the invention, the
amine-modified epoxy resin (A) has a modification rate of 1 to 10

mass%.

In still another embodiment of the invention, the plasticizer
(C) has a water solubility of 10 parts by mass or less in 100 parts

by mass of water.

According to another aspect of the invention, a method of
forming a coating film is provided. The method of forming a coating
film includes coating a substrate with the aqueous coating

composition to form a coating film.

According to still another aspect of the invention, a method
of forming a multilayer coating film is provided. The method of
forming a multilayer coating £ilm includes coating a substrate with
the aqueous coating composition to form a coating film and forming

a top coating layer on the coating film.

In one embodiment of the invention, the method of forming a

multilayer coating film further includes forming an intermediate



[0015]As the epoxy resin, a commercially available product may be used as it is, or one synthesized
by condensing bisphenol A and diglycidyl ether of bisphenol A as described above may be used. As a
method for the synthesis, any appropriate method may be adopted. As a spécifteNgXahipledtiereof,
there is given a method for synthesis involving blending an excess amount of diglycidyl ether of
bisphenol A in bisphenol A, and heating the resultant in an organic solvent such as methyl isobutyl
ketone with an organic base such as dimethylbenzylamine as a catalyst. An epoxy equivalent is

preferablineasyadimaniior fheieaction sdnat (Bedeaclion mayoa felminatedihien. g, epoxy

equivalent reachés a value of interest. The epoxy resin Is preferably synthesized in consideration of,
for example, the factsithatthesmadificationwith ap aping,compornd s pgormedsin an grgapic
solvent such as methyl'isobutyl ketone and it takes effort to dissolve a solid epoxy resin ini the organic
solvent. It should be noted that the agqueous coating composition may include the organic solvent used
in the synthesis of the amine-modified epoxy resin (A) but is preferably substantially free of the organic
solvent. [0016]The:raadifinatioaistypicady perfornedibweatisirgringrepaaingadditonnfanamine
compound having active hydrogen to epoxy groups of an epoxy resin which is to serve as a raw
material aSSubstahlialhe alldbe epogy Grdupsare peeferablyuredifitdriE2Ry MPPANRGEREER Spgcifically,
the epoxy groups are modified at a ratio of preferably 90% or more. [0017]The amine-modified epoxy
resin (A)lsasea modificatisnpatersitreferfblyel td¢0inars%g nadretprefersdtyi Bgo Bimass¥: When
the modification rate is less than 1 mass%, the amine-modified epoxy resin (A) is difficult to disperse
or dissolv8 AWMy s IPmsHEseiseEparation. When the modification rate is more than 10
mass%, corrosion resistance or adhesiveness may reduce. Further, an excessively long drying time
maybe required to obtain a coating film. Herein, the "modification rate" is determined with "amount of
amine compound/ (amount of epoxy resin+amount of amine compound).” It should be noted that,
when a &iragﬁlﬂﬁ}aageeé’ BFOCEJ%FFOCBg dgfcr%ﬁbvoeﬁfelﬁg used as the amine compound, the "amount of

amine ¢ nd" refers, to the amount of an amine compound to be produced in.the resin after
hydrolys(i)[;a?(?ng]Exampzf‘é:scgf]ft &'t I}ﬁg C%Bnepo%% elﬁtlzjluéodg%aktejtfﬁ%ngt%tapﬁgéﬁét%f b%%lﬁﬂﬁ\e,
octylamigedeflylaming, dituplanios, mefylewtylarping mongethanolpmine disthanclaming
N-methylethanolamine, or aminoethyle?hano amine and a diketiminated product of diethyl%:%e?riamine

They may;be Hsed alone oringemhination. Qf thesena ketiinated product is preferred. Ihe yse of

the ketiminated product allows a primary amino group to appearuponneutralization to be described

later, whihsimyaves F2BNRRA 1 066RG E saatinafimphysigakipsepesties sush-asadhesiveness.

[0019]As a method for the modification with an amine compound (ring-opening addition) , any
appropriatesrmeting maydie sdeopted For example ithereds givensa methgiddnvoling tisseiving an
epoxy resin which is to serve as a raw material in an organic solvent, adding an amine compound in a
substantiallyregeesient amoons ieothat:of sshsepoxysgroupmessessed by dheepoxy rasing aaddhen
heating the mixture as required. [0020]The amine-modified epoxy resin (A) preferably has an amino
group ndutpalized wth prbicid sdmpolmd(BRsFhis istbedausaithes neutddifdtiomaliows tierm
amine-modified epoxy resin (A) to be satisfactorily dispersed or dissolved in water.

acoating film. Accordingtothepresent invention, a hard component

which, as it is, may not be formed into a coating film as described

above and a plasticizer satisfying specific features are combined,

and thus the aqueous coating composition that achieves excellent

corrosion resistance can be obtained.

[0009] Specifically, a coating film formed with the agueous
coating composition of the present invention is estimated to have

such a structure that an amine-modified epoxy resin including a



[0021]Examples of the acid compound (B) include: inorganic acids such as hydrochloric acid, nitric
acid, and phosphoric acid; and organic acids such as carboxylic acid compounds including formic acid,
acetic acid, propionic acid, and lactic acid, and sulfamic acid. They may be Us84aidhid 066 CT
combination. Of those, organic acids are preferred, and carboxylic acid compounds are particularly
preferred. This is because an aqueous coating composition to be obtained may have additionally
excellent corrosion resistance (particularly when drying is performed at ordinary temperature) . Of the
carboxylic;acid sorapeiels, agelieacidis prefausd in FRRNPRAJOGRRCT fansideclion of yplatiy.
[0022]A nedtralization ratio (ratio of an acid equivalent to the equivalent of an amino group possessed

by the amine-giqdified npxy reSELA) Lis Risterabhs1q (o 8Q%, mere preferably 1a 19 802, When the

neutralization ratio is less than 10%, the amine-modified epoxy resin (A) is difficult to disperse or

dissolve dpuatelg Whishighay rasul i-phase separation. When therReuyalization ratindssmarethan
80%, water resistance may reduce. [0023]Whether the amine-modified epoxy resin (A) is dispersed in

water or gissotetbthereteroahbe detertined thigyghuadiusimeats Of Hforexaample she molecular
weight and amount of amino groups of the amine-modified epoxy resin (A) , the kind of amine
compoung tebeasédrirdhée onddificatior;dbe kingl dfidmd tompedadc Bt be iisgd iandl thédalending
amount of the acid compound (B) (neutralization ratio) . The amine-modified epoxy resin (A) is
preferabrfdrited it a-weatkt Hispereopiyhea e anfine-mbalifleticdmey hesingd A)aw awater
dispersion, additionally excellent corrosion resistance may be provided. [0024]As described above, the
aqueousSeoatity corpasifion Gt e predeht i drfibRtincRidd BB GadtiisarEy e Thedistrsithe
plasticizer (C) allows the provision of an aqueous coating composition having sufficient performance
as an anficoftbdive 2E28-QBP 13D66RT FOGUatng matdha WG SRy iheSigidityicdridsion
resistance) of the eggxy resin. The plasticizer C)é}ﬁ/hen mixed with the amine-modified epoxy resin

(A) at a masE T8 6F1:1 s SPatle 8PiGsolving e BriREdMadified™S5oxyT8Ein TR TiierPhe

dissolutipn property.of the plasticizer (e not syfficient 3 problerm such as phase separation may
Ooccur and an aqueous coating COm[jOSItIOI’I may no?ge 0] alneo?ln a satlsjfac ory manncér. @%55]-”16

PlasticizeiEs) ayialesipaalibiedss e Plasliciaa{Cd ipwalglnselfle, prcelentaqiigsion fgsistance

may be provided: Herein, the term "water-insoluble" refers to a state eing not freely mlscjl'b e with

water angsiefers.ta aestate gf-bgingesubstaatially inﬁe@medipnvg@l%%- 2RRGiIcaty fhe plasticizes (C)
n

preferably has a water solubility of 10 parts by mass or less i parts by mass of water. When the

water sofubility is mese thane40 @ads bygnass inc 0 pads by tnassehwalss CrosioRAesigtance may
reduce. [0026]The plasticizer (C) is liquid at room temperature (25C) and has a viscosity of preferably
1, 000 mRays astess i snerelprefanabily o8 midascyiess. resistance due to being a

multilayer but also a characteristic of having a function possessed

by a top coating layer and corrosion resistance in combination.

[0010] The aqueous coating compositionof the present invention,
because of being aqueous, is excellent from an environmental
perspective. Further, the aqueous coating composition does not
utilize oxidative polymerization, and hence a problem such as the
generation of formaldehyde does not occur. In addition, in the
formation of a coating film, no curing agent needs to be used, and
hence the aqueous coating composition can be used as a one-component

type. Accordingly, a problem in storage stability or workability



[0027]The plasticizer (C) has a boiling point of preferably 200C or more. When the boiling point of the
plasticizer (C) is less than 200C, corrosion resistance may reduce. [0028]Specific examples of the
plasticizer (C) include: glycol ether-based compounds such as diethylene glyict!-dibEty] eHeeCT
(dibutyldiglycol, DBDG), ethylene glycol monophenyl ether (phenyl glycol, PhG), diethylene glycol
monophenyl ether (phenyl diglycol, PhDG), ethylene glycol monobenzyl ether (benzyl glycol, BzG),
propylene glycol monophenyl ether (phenyl propylene glycol PhFG), dipropylene glycol monopropy!
ether (pr opylene diglycal, o o] nabuty| ether . tyl propylene
diglycol, BB%%%{),%ﬁp%ﬁzﬁegr%ﬁgly%%?n%%fﬁgg%%% ﬁ %%B @gﬁé) mﬁé&%%%ﬁéﬁ%%%%gﬁ and

carboxylic.acid gsterhasegcorppernds sychas DBE, (dibasigacid estars) ~dibutyiphthalate (RBP),
di-2-ethylhexyl phthalate (DOP), diisononyl phthalate (DINP), diisodecyl phthalate (DIDP), dihepty!l

phthalate (REPY din-gcidnbthiaiate BbPARRUNIbanzyitthalgter (BRP) ethyiphthalylethyd glycolate,
di-2-ethylhexyl adipate (DOA), and dibutyl diglycol adipate (BXA). Further, as a commercially available
product, Sblverso 20 gaanefackired by ExxieCheroical Gerppany) smaybguseds coating
Theymaybeusedaloneorincombination. Of those, a compound having no ester bond in the molecule is
preferablycngeosin ttonsidemtidnof ajiermestabilipy FHothexna glyesl ether-dmasedcompstindg is
preferably used in consideration of odor. [0029]The content of the plasticizer (C) is preferably 10 to 30
parts by assssinhresrefarablyr 25 to30paatsiydnasEwitihespechRRINRPRE1G66 RET 2udiB0 parts
by mass in total of the amine-modified epoxy resin (A) and the the plasticizer (C) ((A)+(C)). When the
content i@ JEOMRAN APAFARTbY ATRRS & lckaik mayBENPHh & EodMiaiRY Whep#ia 8shtéAtlis more
than 30 parts by mass an excessively long drying time may be required to obtain a coating film.
Further, UGBt 8FhE FEERIZEFTE) rPIREALRIBUE ToafhG CEMPRERioR S Brererably TP hass%
or less from the viewpoint of ysing a volatile organic compound (VOC) in an amount as small as
possible?fbogﬁﬁqh]éogﬁl?&thas C %ﬁﬁ%%ﬁ?plovs?tioﬁ'isofvfﬁ%]prggéhtk?ﬁ/e oA Pt rably includes an
agueous medium containing water as a main component. The aqueous medium may contain an
organic solvent that is soluble inwater. . Specific examples of the organic solvent include ethylene

glycol, propylene glycol, ethylene glycal manobutyl ether, propylene glycol monobutyl ether, diethylene
glycol, dipropylene glycol, and diethylene glycol monobutyl ether. From the viewpoint of using the VOC

in an ameypt a3 small asposgiblecthe amauntf theprganic salyent is preferably as small as

possible. [0031]The total of the content of the amine-modified epoxy resin (A) and the content of the
plasticizer (C) in ke agneousLLoating campesitipn isipreferably 151 4@ massie. Whentheitotal
content is less than 15 mass%, an appropriate coating flm may not be obtained. When the total
content isriaaredban=40 masacthestddiiyyidpecpaitag materal may redyce.s fOOS2EEe qgueous
coating composition of the present invention may include a pigment. Specific examples of the pigment
include: wblocpigments budh asditpaiuntoxitle yelandromoxieegmed irmrwaxide -darboi blsiok,
phthalocyanine blue, phthalocyanine green, azo red, quinacridone red, and benzimidazolone yellow;
extenderIpigrndats such zediSiumwdebonare baritrh siitaenkasimeftf dad wieandrasti-rust
pigments. The concentration of the pigment in the aqueous coating composition is preferably 10 to 50
mass%. [BOBFREAFESGIsICOafing donisosiprvreristésarinvertisheaincude da biedive.
Specific examples of the additive include a dispersant, a viscosity adjuster, a curing catalyst, a surface
conditiofERCEAeFGahBr, PplastitPer AEHRPHINFNG AR A AFRGS it 488 ding B§eRE 8f Hhtioxidant,
and a curing agent. It should be noted that, although, the agueous coating composition of the present
inventiont H35ChoPRead eihy Suan, thé e BUEREATYBE (S Es APPROBIBAEHHEN: oF
exampleéftl ctol%taingrgillrpmizs_ r%%lirgget héavgxa chraergcl;tr?ri%gz at an additionally high level. As the curing
agent, there maybe used,lpor example, 5 |s%cyanate compound and a melamine compound.
Alternatively, when the amine-modified epoxy resin (A) has a primary or secondary amino group, a
compound having a plurality of (math)acryloyl groups or a compound having a plurality of epoxy

groups may, be used. The amine-modified epoxy resin (A) is typicallyobtained
by modifying an epoxy resin with an amine compound. The epoxy resin
constituting the amine-modified epoxy resin (A) is an epoxy resin

having a bisphenol skeleton. The epoxy resin having a bisphenocl



[0034]The aqueous coating composition of the present invention is preferably obtained by mixing the
amine-modified epoxy resin (A), the plasticizer (C), and the aqueous medium with each other. When
the acid compound (B) is used, the acid compound (B) is added at any apprépfadePirhingorag acid
compound (B) is preferably added after the amine-modified epoxy resin (A) obtained by modifying an
epoxy resin with an amine compound and the plasticizer (C) have been mixed with each other. In an
embodiment, the plasticizer (C) is added to a solution of the amine-modified epoxy resin (A) in an
organic splantand ihenad gampawdy@)js luther addedthierete [ piepaje @ mixlure, After hat
the resultant mixture is added dropwise to the aqueous medium, or the aqueous medium is‘added to
the resultant-raixtuse tpalisparse ok dissglve die mixiure ; and the Qraanic Soluentis then distilgd off
Thus, the aqueous coating composition is produced. The amine-modified epoxy resin (A) may be
obtainedwag.ar QIganiksoIMest solution.cand Rencen asiBdRisRMbRAIMEN1he Rrgaric solyrnt is
preferably eventually distilled off. [0035]The plasticizer (C) may be used as an organic solvent in the
productiert obtheparaineimadiied epoxyidasiadAy and thushe blansded intetherasueous eeating
composition. The use of the plasticizer (C) as an organic solvent can suppress the total usage of
organic saiverisriasthetprddbstiarhef theldguendus cpatiagLbnizasition the abepe-srentionedrother
components may each be added F2P-NPP11066PCT at any appropriate timing. [0036]B. Method of
foting (miith&gs¥ teating film Any appropriate substrate may be coated with the aqueous coating
composition of the present invention. Examples of the substrate include metal, wood, plastics, rubber,
stone, slafé@Bncrete, mortar, fiber, paper, glass, ceramics, porcelain, a film, and complexes thereof.
Further, for example, when the substrate is an inorganic substrate such as slate or concrete, a sealer
may be applied onto a surface of the substrate in advance. The aqueous coating composition is

preferably applied to metal ing onsiderﬁaﬁmn of its charact ristics.cﬁxamples of the metal include iron,
copper, tin, zinc, @lﬂ;@ﬁumj—l O m@&eelc : aobjrm;—{@rh)ecagted having
metal on its surfac\e@ (outer and innerésgr aces) include ghips, ve‘jnjg: es (e.g., raﬁ\/g,a/y vehicles, large
vehicles), aircraft, bridges, marine structures, plants, tanks (e.g., petroleum tanks), pipes, steel tubes,
and cast iron tubes. The aqueous coating composition is applicable to architectural structures and civil
engineering structures as well as the foregoing. [0038]As a typical coating method, there is given a
method involving applying the aqueous coating composition onto an object to be coated (substrate),

followed by drying. The aqueous coating F2P-NPP11066PCT composition of the present invention

allows cqatingto be perferaash issiicha simplesnannss draly (o BxAPRIs, Asiepsveh a8 s s 5
electrodeposition is not necessary. As an application method, any appropriate method may be adopted

dependiag aiothe kindwefdhepahieci-todiecoatatk(substete}r naddpetiter Examples thergof inglude
application by means of a brush, a roller, an air spray, an airless spray, a trowel, or the like, and
immersibn.dB039)3 hé iapplicatioramoidttheagicbes tcoating compositionimayhe-set to any
appropriate application amount depending on intended use and the like. The application amount is
preferably 10 to 400 g/m2. [0040]As a drying method, any appropriate method may be adopted.
[0014] The epoxy resin (before modification) has a molecular
weight of 2,000 or more, more preferably 2,000 to 8,500, still more
preferably 3,000 to 8,000. When the molecular weight is less than
2,000, corrosion resistance may reduce. When the molecular weight
is more than 8,500, the amine-modified epoxy resin (A) to be obtained
is difficult to disperse or dissolve in water, which may result
in phase separation. Herein, the term "molecular weight" refers

to a value calculated with "epoxy equivalentx2" on the assumption

of having the above-mentioned structural formula.



Air drying or heat drying is preferred. In the case of the air drying, a drying time is preferably 2 hours or
more, more preferably 24 hours or more. [0041]The coating film to be formed through coating with the
aqueous coating composition has a thickness of preferably 10 to 100 cm, mdi R EdBROPC 10 100
pm. When the thickness is more than 100 m, a problem such as the occurrence of dripping may occur
at the time of coating. [0042]An additional coating film ( layer) may be formed before
F2P4c1T11066PCT and/or after the formation of a coating film through coating with the aqueous
coating composition. In an embodiment, after coating with the aqueous coating composition has been
performed to form a coating film, the coating film is coated with a top coating material to forma top
coating layey; ghe formation eﬁweemgpqt@gilﬁyeraa@@m@BJM9V%%QQtﬂ@pee§@&&s@@d
corrosion resistance. [0043]Any appropriate coating material may be ‘adopted as the top coating
material fExamples thereatincludesan spoxylaninerbiased £eating neagdak awe-eormpenant urethane
curing type coating material, a one-component urethane curing type coating material, a carbodiimide
curing typeznodatiag glatetialy an etikyshresin-basgshesssinganateriad srragylic siR-dased,coating
material, and an acrylic silicone resin-based coating material. The top coating material may be a
solvent typedr arfagweoestdrre] aiolristrefessioly lamsague ausyo e becqustaare enetdrmde ntal/load
may be reduced. [0044]The application amount of the top coating material may be set to any
approprib agplitaidn ameuhtuegehling enahe kind betrecdoatiderratédad pteposesaf todting,
and the like. The application amount is preferably 30 to 400 g/m2. The thickness of the top coating
layermaytss s &b drf e répifate TRt RN ES<LaeetHifg o fH5E R deafaHE koafing! itatersal Sptrposes
of coating, and the like. The thickness is preferably 10 to 150 pm. [0045]Before the formation of a
coating i AfoGdh ROSERGRRA thedy RotRIA g cortpOsiie A Sthe B a8 sy HFd Eodted with
an undercoating material !ﬁ) form an ugdercoat%éﬁyer. The formation of the undercoating layer

providesAHAHISRAIY e xRS Rt CortESiOn T EsTATAHBE. WK EWdi AphiEbIE 1562 EasEFFtAtTY high

corrosion [esistance. sugh s brdge,  piant o 2 ank. 10046lAny appropriale coating paterial may
be adopted as the undercoating'materiat. Examples thereof include an organic-or inorganic Zinc-rich

coating matgyiale Theingercaating materighmayhe %ﬁg'\@eﬁn&;@%&f 20 @ﬁg%?gglg%eﬁsggis

n .
preferably an aqueous one because an environmental loa e reduce 4/71The appﬁcatlon

amount githe lindercoating Material may be.seLia A arpropdateanplication agwyntdenending on

the kind of the coating material, purposes of coating, and the like. The application amount is preferably

80 to 1,200-04p2:Ihe dhicknessof dve vadargoaling tayer 1aay be setsamrappreprigte thigkness
depending on the kind of the coating material, purposes of coating, and the like. The thickness is
preferabéx2mhia 200 phe [@e48]Aftentte formatiod O a caating film throaghLeatieg compound
is performed in an organic solvent such as methyl isobutyl ketone
and it takes effort to dissolve a solid epoxy resin in the organic
solvent. It should be noted that the aqueous coating composition
may include the organic solvent used in the synthesis of the

amine-modified epoxy resin (A) but is preferably substantially free

of the organic solvent.

[0016] The modification is typically performed by causing
ring-opening addition of an amine compound having active hydrogen
to epoxy groups of an epoxy resin which is to serve as a rawmaterial.

Substantially all the epoxy groups are preferably modified.



with the aqueous coating composition, the coating flm may be coated with an intermediate coating
material to form an intermediate coating F2P-NPP 11 066PCL1 layer. The formation of the intermediate
coating layer may provide additionally excellent corrosion resistance. The top Hbatiyl EYesRE T
preferably foi ed after the formation of the intermediate coating layer. [0049]Any appropriate coating
material may be adopted as the intermediate coating material.Examples thereof include an
epoxy/amine-based coating material, a two- component urethane curing type coating material, and a
one-comggnentyrethane, culaane o e derniaimedaie equingmalena aie 2
solvent type or an aquedus one, and is preferably an aqueous one because an environmental’load
may be rggluced. [A5Q] The application amount of the intermediate coating material may be set to any
appropriate application amount depending on the kind of the coating material, purposes of coating,
and the like. The application amount is preferably 20 to 400 g/m2. The thickness of the intermediate
coating layer may be set to any appropriate thickness depending on the kind of the coating material,
purposeq obaadating, andtthe likei fberthiekmassisspreferabbsio ta A00Hpm. J0eHT he dep-eeating
material, the intetmediate coating material, and the undercoating material may each contain a pigment,
an additive tandthedikef Exabipjesioftthe jpigmentand theradditivd F22>NP 1 668 Glainekide the
pigments and additives described in the above-mentioned section A. The number, kinds, and amounts
of pigmefisanthxiditdes todsd addedatayise Sekstotian appeoptfatetdepending onpaiigoises.
[0052]As an application method and drying method for each of the top coating material, the
intermedtReE6 AT Ratérial ard el GiderdratthepRicfaP ariigsnsbpRaté methets may: o
adopted depending on the kind of the coating material to be used. Examples of the application method
and dryifig-¥hé&fhd for BRA GRS P Tating tatefRf thefitdrRedidfAcotng Aizterid, BPthe
undercoating material include the same methods described aboye for the application method and
drying metiidl fo? thE 88 Teo i EdS G RoMpSSito EanTied OUE3 M E R S &I the 585G
inventior%il%c%%secribedr{n mgréesgetgilﬁ \ﬁ/aﬁ of gxam Ieg.iﬁce)wrgver ther%reserrlte i§ventio tis not limited
to the examp s 1t shoufd b€ hoted that sS otherwise specﬁ?éc},) €’z'par %‘j*an iy eaelxrémples

are on aa[n@é§gf§b§'film. Herein, the "modification rate" is determined with
"amount of amine compound/ (amount of epoxy resin+amount of amine
compound) ." It should be noted that, when a diketiminated product
to be described later is used as the amine compound, the "amount
of amine compound" refers to the amount of an amine compound to

be produced in the resin after hydrolysis.

[0018] Examples of the amine compound include a ketiminated
product of butylamine, octylamine, diethylamine, dibutylamine,
methylbutylamine, monoethanolamine, diethanolamine,
N-methylethanolamine, or aminoethylethanolamine and a
diketiminatedproduct of diethylenetriamine. Theymaybeusedalone
or in combination. Of those, a ketiminated product is preferred.
The use of the ketiminated product allows a primary amino group

to appear upon neutralization to be described later, which improves
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[0054](Production Example 1) Production of pigment paste 10 parts of water, 0.1 part of
hydroxyethyl cellulose, 3 parts of a pigment dispersant (manufactured by BYK-Chemie, trade name
"Disperbyk-190") , 10 parts of talc, 8 parts of calcium carbonate, 17 parts of HtdhNAP b P4nld 2 parts
of a calcium-based anti-rust F2P-NPPI1066PCT pigment were mixed with each other and stirred for
30 minutes with a disper to produce a pigment-dispersed paste. [0055](Example 1) 1,005 parts of
diglycidyl ether of bisphenol A and 495 parts of bisphenol A were dissolved in 500 parts of methyl
isobutyl ketgpe (nereinfter(efaned tq,a5 MIRK s Ta e, sgllitign yere added 2 parts of
dimethylbenzylamine, andthé mixture was subjected to a reaction continuously until an epoxy
equivalent reached 1,500 to give an epoxy resin having a bisphenol skeleton which was to serve as a
raw material. Afterthecompletionofthereaction,123partsofdibutylamine were added and the
mixture Wa$ subjected tona reagdionsd ¥20CHae Iheur 1o give the amine1nogiiagepanpesitn(A)
having a bisphenol skeleton. 286 parts of dipropylene glycol n-butyl ether as the plasticizer (C)
(15 mass%iwith eespechtp thedotal amounie thepapminermnodifiedenoy rasip (A aaddhe plasticizer
(C)) were added, and 3 parts of 90% acetic acid as the acid compound (B) were then added to perfo m
neutralizBbeon€reotpdlzatidneratiol:s2@%) e Wailedhé& oes ultant Ivaisnie ptiat SOGwith stinriego 600 parts
of water were gradually added thereto to achieve homogeneity. In addition, under reduced pressure at
50C, 1,0089Hmtsdficmiktare of FEEKEF2P-RPPaY 086 PETiaid Wat@nweregdistitedsofl toegive a clear
type aqueous coating composition (water dispersion). 50 parts of the clear type aqueous coating
composiBeRiaRE STpand BEtHORRMEN padté obtiRTed intthe Prgd GEibh exanleddszieribed @bove
were mixed with each other and stirred with a disper for 10 minutes to give a white aqueous coating
compositiBA- JEISERESRMRIZP UP PR35 BY dify GRAShER §iBispHed i BrideRE6 2 Parts of
bisphenol Awere dissolved in 1, 000 parts of MIBK. To the solution were added 4 parts of
dimethlegﬁzﬁéﬁcﬁg%n%ﬁhg?ﬁiﬁﬁs as subjected to a reaction continuously until an epoxy
equivalent reached 3,000 to give an epoxy resin having a bisphenol skeleton which was to serve as a
raw material. After the completion of the reaction, 249 parts of an MIBK diketiminated product of

diethyl jamine (hereipaft - TA diketimi IXt
Cubjocto0 s 2 Joncton ai 120G or 1 G 10 68 (e ArRIe-GETCs ot Ga (] P

a me-moﬁifie OXy resin having a

bisphenglskgletopoup kA2 PaLSOS diprapyanegivcabnbytygthan as the, plasticizer () 425

mass% with respect to the total amount of the amine-modified epoxy resin (A) and the plasticizer (C))

were added H2RINBP11066RG T andAR pars ofA0U=asrligiacid as dheagideomppung) (B yvere
then added to perform neutralization (neutralization ratio : 38%) . While the resultant was kept at 90C

with stirriyg, 463 Ispars ol waterdvenecgraddaltyradieskthereia taachieyehomogeneity. In addition,
under reduced pressure at 50C, 2,324 parts of a mixture of MIBK and water were distilled off to give a
clear type aqueous coating composition (water dispersion). Further, a white aqueous coating
composition was obtained in the same manner as in Example 1.
[0021] Examples of the acid compound (B) include: inorganic
acids such as hydrochloric acid, nitric acid, and phosphoric acid;
and organic acids such as carboxylic acid compounds including formic
acid, acetic acid, propionic acid, and lactic acid, and sulfamic
acid. They may be used alone or in combination. Of those, organic
acids are preferred, and carboxylic acid compounds are particularly
preferred. This is because an agueous coating composition to be
obtained may have additionally excellent corrosion resistance

(particularly when drying is performed at ordinary temperature).

Of the carboxylic acid compounds, acetic acid is preferred in

i1



[0057](Example 3) A clear type agqueous coating composition (water dispersion) was prepared in
the same manner as in Example 2 except that an equal amount of DBE (dibasic acid ester) was used
as the plasticizer (C) in place of dipropylene glycol n-butyl ether. Then, a whitéfadiRFdu$ eoling
composition was obtained. [0058](Example 4) 4,000 parts of an epoxy resin having an epoxy
equivalent of 4,000 (manufactured by Japan Epoxy Resins Co. Ltd., grade: 1010) as the epoxy resin
having a bisphenol skeleton which was to serve as a raw material were added to 1,167 parts of MIBK
under heating, 420-pacts of g;@tk}%rlq_{@rpﬂetsygre further added thereto, and the mixture was subjected
to a reaction at 120C for 1 hour to give the a@mine-modified epoxy resin (A) having a bisphenol
skeleton. F2P-NPP11066PCT 1,543 parts of tripropylene glycol n-butyl ether as the plasticizer
(C) (30 mass% with respect to the total amount of the amine-modified epoxy resin (A) and the
plasticizerd§)pwere addgd,and 381 parts 660 %uacelic acid as He agid 6QMRAUNt(B) weredhen
added to perform neutralization (neutralization ratio : 60%) . While the resultant was kept at 90C with
stirring, EHZ3qautsvel water weragradually addedthesetode achieve hemograeity. haadditien, under
reduced pressure at 50C, 2,333 parts of a mixture of MIBK and water were distilled off to give a clear
type aquepasyoatisg sortibsitive (matdredisfargion). Furthier ta whiteeaquestis coaligg tempeosition
was obtained in the same manner as in Example 1. [0059](Comparative Example 1) A white
aqueoustéFating dBrepositiba wasvbradddkmtthersama tiannésas e Exantleri exéépt thahan equal
amount of butyl diglycol was used as the plasticizer (C) in place of dipropylene glycol n-butyl ether.
[0060](CHRIpHTalRIEXARPIERYXY T ASHAtdAlicad ESdbl ol Esicne was ebtalacemite same
manner as in Example 2 except that an equal amount of propylene glycol n-butyl ether was used as
the plasticizel’&5h platid bf QipBpYleFEges nutyPAREE [0PBRREDRRative ER&RpI& BT
F2P-NPP11066RPCT __ . A white aqueous coating composition was obtained in the same manner as in
Exampld T &kE8gttRar theepoxy fedit RSVifig- %%%a?e‘ﬁ’oI@%?&oﬁ%ﬁiﬁﬁ%ﬁ@@é’r%egéﬁﬁaw
material was changed to 925 parts of anepoxyresinhaving an epoxy equivalent of 925 (manufactured
by Japan Epoxy Resins Co. Ltd., grade: 1004). [0062](Comparative Example 4) A white aqueous
coating Goygpasition wasgRigined {hihe safme MAaRng: ayin xample.l exceptinat, inebiaining the
epoxy resin having a bisphenol skeleton which was to serveas a raw material, tﬁe amgunts 0

diglycidy gther ef-bisphanal & s hisphench Auerschanged ioR28 parts.and 440 pagtstespectively,

563 parts of polypropylene glycol diglycidyl ether having a molecular weight of 630 were used, and the
plasticizef(Clrwas apbuped [0063] Therdetails of theipjasticizer Endised B eaghia{she Exagwles and

Comparative Examples are as follows. Dipropyleneglycoln-butylether(DPnB) :viscosity:5m2a-s; boiling
point: 229€ tnatesrsbtibility i DB \dgeosityr 6 suBa.q boilitgep ainti @ 0OC avates sobidibyirki
to be used in the modification, the kind of acid compound (B) to
be used, and the blending amount of the acid compound (B)
(neutralization ratio). The amine-modified epoxy resin (A) 1is
preferably formed into a water dispersion. When the amine-modified

epoxy resin (A) 1is a water dispersion, additionally excellent

corrosion resistance may be provided.

[0024] As described above, the agqueous coating composition of
the present invention includes the plasticizer (C). The use of the
plasticizer (C) allows the provision of an aqueous coating

composition having sufficient performance as an anticorrosive
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Tripropylene glycol n-butyl ether (TPnB): viscosity: 10 mPa.s; boiling point: 274C; water solubility: 3
Butyl diglycol (BDG): viscosity: 5 mPa.s; boiling point: 230C; water solubility: F2P-NPP11066PCT
Propylene glycol n-butyl ether (PnB): viscosity: 3 mPa.s; boiling point: 170C;haBt&PSollodiyCa
[0064]<Evaluations> The aqueous coating compositions obtained in the foregoing were evaluated
by the following methods. Table 1 shows the results. (Outer appearance of coating film) A
polished steel sheet degreased with xylene was coated with each coating compaosition in an amount of

140 2 ysiogra,brshAncbe ipsuianiwas. dieckauron temperpiure dor.34 houts e, ter

appearance of the thus-obtained coating film was visual served and evaluated based on the

following,criseria- 0 g aBrorRlity XoQecubrence of arragh ot peeling (Dning tigely nfidyished
steel sheet degreased with xylene was coated with each coating composition in an amount of 140

g/m2 usipg arbresl, and the-esaltantamas grgd at-eaom temaperature fan 24 howrs. A firger was
pressed against the thus-obtained coating film, and a degree of dryness was evaluated based on the
followingicritesipab e o> Na siekylfeetiag wti¢hadinger tipdart aa fingerprintlefton the. coatingnfilm
upon release of the finger x: Sticky feeling at the finger tip, or a fingerprint left F2P-NPP11066PCT on
the coatinb4ildhigsarl retease pfthesfinge oiVater-rebistantcadiesiveneds) not Aspdlished stael sheet
degreased with xylene was coated with each coating composition in an amount of 140 g/m2 using a
brush, aRdrierdQuitantalas 8 ridehasta gorp tarapaiunaio oz houesitb give auestshemat ing

composition may not be obtained in a satisfactory manner.

[0025] The plasticizer (C) is water-insoluble. As the
plasticizer (C) is water-insoluble, excellent corrosion resistance
may be provided. Herein, the term "water-insoluble" refers to a
state of being not freely miscible with water and refers to a state
of being substantially insoluble in water. Specifically, the
plasticizer (C) preferably has a water solubility of 10 parts by
mass or less in 100 parts by mass of water. When the water solubility
is more than 10 parts by mass in 100 parts by mass of water, corrosion

resistance may reduce.

[0026] The plasticizer (C) is liquidat room temperature (25°C)
andhas aviscosity of preferably 1,000 mPa*s or less, more preferably

500 mPa-s or less.

[0027] The plasticizer (C) has a boiling point of preferably
200°C or more. When the boiling point of the plasticizer (C) is

less than 200°C, corrosion resistance may reduce.
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The test sheet was immersed in water at 23C for 7 days, and then in accordance with a cross-cut
method of JIS K 5600-5.6 (2006), 5x5 squares each measuring 3 mmx3 mm were formed thereon. A
pressure-sensitive adhesive tape was attached to a surface thereof and ther2pNRP p&efed’ off, and
evaluation was performed based on the following criteria with the number of squares left on the
surface. 0: All squares left on the surface x: Some squares left on the surface xx: No square left on the
surface (Corrosion resistance) The obtained coating composition was apoliedonto a sandblasted
steel sheet at 140 g/m2 with a brush and dried at 20C for 7 days to give a test sheet. The resultant test
sheet was subjected to a cyclic corrosion F2P-NPP11066PCT test defined in JIS K 5600 7-7, and the

state of theogfing film affer 128,cyeles yasevaluaied based an;the.folloping arifgea. o1 ., Ratio of

area of rust generated on the coating film to the area of surface of test sheet Less than 0.05% O:
0.05% oemese apddess thamPolbhds Ocider mreiaad Igssdhan §:8%e X1 0.3%0rporedSterage

stability) The obtained white aqueous coating composition was stored at room temperature, and a
state charbieoditing diestorage wadasyadly iopserved; 10)cN0 almngshevefiafienatapggehl month c:

A slight precipitation observed after a lapse of 1 month x: A precipitation observed after a lapse of 1

day glycol, PhG), diethylene glycol monophenyl ether (phenyl diglycol,
PhDG), ethylene glycol monobenzyl ether (benzyl glycol, BzG),
propylene glycol monophenyl ether (phenyl propylene glycol PhFG),
dipropylene glycol monopropyl ether (propyl propylene diglycol,
PFDG), dipropylene glycol monobutyl ether (DPnB, butyl propylene
diglycol, BFDG), tripropylene glycol monobutyl ether (TPnB), and
polypropylene glycol #1000; and carboxylic acid ester-based
compounds such as DBE (dibasicacidesters), dibutyl phthalate (DBP),
di-2-ethylhexyl phthalate (DOP), diisononyl phthalate (DINP),
diisodecyl phthalate (DIDP), diheptyl phthalate (DHP), di-n-octyl
phthalate (N-DOP), butylbenzyl phthalate (BBP), ethylphthalylethyl
glycolate, di-2-ethylhexyl adipate (DOA), and dibutyl diglycol
adipate (BXA). Further, as a commercially available product,
Solvesso 200 (manufactured by Exxon Chemical Company) may be used.
They may be used alone or in combination. Of those, a compound having
no ester bond in the molecule is preferably used in consideration

of long-term stability. Further, a glycol ether-based compound is

preferably used in consideration of odor.

[0029] The content of the plasticizer (C) is preferably 10 to

30 parts by mass, more preferably 15 to 30 parts by mass with respect
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Example 1 Example 2 Example 3 Example 4 Amine-modifiedepoxy resin 04) Molecular weight 3,000

6,000 6,000 8,000 Amine compound Dibutylam he  DETA detimihe DETA di etimine Diethanclamine
F2P-NPP11066PCT

to 100 parts by mass in total of the amine-modified epoxy resin
(A) and the the plasticizer (C) ((A)+(C)). When the content is less
than 10 parts by mass, a crack may occur in a coating film. When
the content is more than 30 parts by mass, an excessively long drying
time may be required to obtain a coating film. Further, the content
of the plasticizer (C) in the agqueous coating composition is
preferably 10 mass% or less from the viewpoint of using a volatile

organic compound (VOC) in an amount as small as possible.

[0030] The aqueous coating compositionof the present invention
preferably includes an aqueous medium containing water as a main
component. The aqueous medium may contain an organic solvent that
issolubleinwater. Specificexamplesoftheorganicsolvent include
ethylene glycol, propylene glycol, ethylene glycol monobutyl ether,
propylene glycol monobutyl ether, diethylene glycol, dipropylene
glycol, and diethylene glycol monobutyl ether. From the viewpoint
of using the VOC in an amount as small as possible, the amount of

the organic solvent is preferably as small as possible.

[0031] The total of the content of the amine-modified epoxy
resin (A) and the content of the plasticizer (C) in the aqueous
coating composition is preferably 15 to 40 mass%. When the total
content is less than 15 mass%, an appropriate coating film may not
be obtained. When the total content is more than 40 mass%, the

stability of the coating material may reduce.
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Modification rate 8% 3% 3% 3% Acid compound (3) -no K i 90% Acetic acid - - - Neutralization rat 'to

20% 38%
F2P-NPP11066PCT

[0032] The aqueous coating compositionof the present invention
may include a pigment. Specific examples of the pigment include:
color pigments such as titanium oxide, yellow iron oxide, red iron
oxide, carbon black, phthalocyanine blue, phthalocyanine green,
azo red, gquinacridone red, and benzimidazolone yellow; extender
pigments such as calcium carbonate, barium sulfate, kaolin, clay,
and talc; and anti-rust pigments. The concentration of the pigment

in the aqueous coating composition is preferably 10 to 50 mass%.

[0033] The agqueous coating compositionof the present invention
may include an additive. Specific examples of the additive include
a dispersant, a viscosity adjuster, a curing catalyst, a surface
conditioner, a defoamer, a plasticizer, a film forming aid, an
ultraviolet absorbing agent, an antioxidant, and a curing agent.
It should be noted that, although the agqueous coating composition
of the present invention does not need a curing agent, the curing
agent may be used as appropriate when, for example, a coating film
is required to have a characteristic at an additionally high level.
As the curing agent, there may be used, for example, an isocyanate
compound and a melamine compound. Alternatively, when the
amine-modified epoxy resin (A) has a primary or secondary amino
group, a compound having a plurality of (math)acryloyl groups or

a compound having a plurality of epoxy groups may be used.
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38% 60% Plasticizer (C) Kind DPnE lycol ether DPnB Glycol ether DBE Dzbasc acid ester TipriB

Glycol ether Boiling point 229 229 200
F2P-NPP11066PCT

[0034] The aqueous coating compositionof the present invention
is preferably obtained by mixing the amine-modified epoxy resin
(A), the plasticizer (C), and the agqueous medium with each other.
When the acid compound (B) is used, the acid compound (B) is added
at any appropriate timing. The acidcompound (B) ispreferably added
after the amine-modified epoxy resin (A) obtained by modifying an
epoxy resin with an amine compound and the plasticizer (C) have
been mixed with each other. In an embodiment, the plasticizer (C)
is added to a solution of the amine-modified epoxy resin (A) in
anorganic solvent, and the acid compound (B) is further added thereto
to prepare a mixture. After that, the resultant mixture is added
dropwise to the agqueous medium, or the aqueous medium is added to
the resultant mixture to disperse or dissolve the’mixture, and the
organic solvent is then distilled off. Thus, the aqueous coating
composition is produced. The amine-modified epoxy resin (A) may
be obtained as an organic solvent solution, and hence, as in this
embodiment, the organic solvent is preferably eventually distilled

off.

[0035] The plasticizer (C) may be used as an organic solvent
in the production of the amine-modified epoxy resin (A) and thus
be blended into the aqueous coating composition. The use of the
plasticizer (C) as an organic solvent can suppress the total usage
of organic solvents. In the production of the aqueous coating

composition, the above-mentioned other components may each be added
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274 Solubility 6 6 53 Content 15% 25% 25% 30% Evaluations Outer appearance of coating film 0 0

0
F2P-NPP11066PCT

at any appropriate timing.

[0036] B. Method of forming (multilayer) coating film

Any appropriate substrate may be coated with the aqueous
coating composition of the present invention. Examples of the
substrate include metal, wood, plastics, rubber, stone, slate,
concrete, mortar, fiber, paper, glass, ceramics, porcelain, a film,
and complexes thereof. Further, for example, when the substrate
is an inorganic substrate such as slate or concrete, a sealer may
be applied onto a surface of the substrate in advance. The aqueous
coating composition is preferably applied tometal in consideration
of its characteristics. Examples of the metal include iron, copper,

tin, zinc, aluminum, and stainless steel.

[0037] Examples of an object to be coated having metal on its
surfaces (outer and inner surfaces) include ships, vehicles (e.g.,
railway vehicles, large vehicles), aircraft, bridges, marine
structures, plants, tanks (e.g., petroleum tanks), pipes, steel
tubes, and cast iron tubes. The aqueous coating composition is
applicable to architectural structures and civil engineering

structures as well as the foregoing.

[0038] As a typical coating method, there is given a method
involving applying the agueous coating composition onto an object

to be coated (substrate), followed by drying. The agqueous coating
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0 Drying time 0 0 0 0 Water-resistant adhesiveness c¢ Corrosion resistance 3-9:) 6:)) ii?

F2P-NPP11066PCT

composition of the present invention allows coating to be performed
in such a simple manner that, for example, a step such as
electrodeposition is not necessary. As an application method, any
appropriate method may be adopted depending on the kind of the object
to be coated (substrate) and the like. Examples thereof include
application by means of a brush, a roller, an air spray, an airless

spray, a trowel, or the like, and immersion.

[0039] The application amount the aqueous coating composition
may be set toany appropriateapplicationamount dependingon intended

use and the like. The application amount is preferably 10 to 400

2

g/m*.

[0040] As adryingmethod, any appropriate method may be adopted.
Airdryingor heatdrying ispreferred. Inthecaseoftheairdrying,
a drying time is preferably 2 hours or more, more preferably 24

hours or more.

[0041] The coating film to be formed through coating with the
aqueous coating composition has a thickness of preferably 10 to
100 ym, more preferably 20 to 100 um. When the thickness is more
than 100 um, a problem such as the occurrence of dripping may occur

at the time of coating.

[0042] An additional coating £ilm (layer) may be formed before
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and/or after the formation of a coating film through coating with
the aqueous coating composition. In an embodiment, after coating
with the aqueous coating composition has been performed to form
acoating film, the coating filmis coatedwitha top coatingmaterial
to form a top coating layer. The formation of the top coating layer

additionally improves outer appearance and corrosion resistance.

[0043] Any appropriate coating material may be adopted as the
top coating material. Examples thereof include an
epoxy/amine-based coatingmaterial, a two-component urethane curing
type coating material, a one-component urethane curing type coating
material, a carbodiimide curing type coating material, an alkyd
resin-based coating material, an acrylic resin-based coating
material, and an acrylic silicone resin-based coating material.
The top coating material may be a solvent type or an agueous one,
and is preferably an agqueous one because an environmental load may

be reduced.

[0044] The application amount of the top coating material may
be set to any appropriate application amount depending on the kind
of the coating material, purposes of coating, and the like. The
application amount is preferably 30 to 400 g/m°. The thickness of
the topcoatinglayermaybe set toany appropriate thickness depending
on the kind of the coating material, purposes of coating, and the

like. The thickness is preferably 10 to 150 um.
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[0045] Before the formation of a coating film through coating
with the aqueous coating composition, the substrate may be coated
with an undercoating material to form an undercoating layer. The
formation of the undercoating layer provides additionally excellent
corrosion resistance, which is well applicable to a case requiring

high corrosion resistance, such as a bridge, a plant, or a tank.

[0046] Any appropriate coating material may be adopted as the
undercoating material. Examples thereof include an organic or
inorganic zinc-rich coating material. The undercoating material
may be a solvent type or an agqueous one, and is preferably an aqueous

one because an environmental load may be reduced.

[0047] The application amount of the undercoating material may
be set to any appropriate application amount depending on the kind
of the coating material, purposes of coating, and the like. The
application amount is preferably 80 to 1,200 g/m?’. The thickness
of the undercoating layer may be set to any appropriate thickness
depending on the kind of the coating material, purposes of coating,

and the like. The thickness is preferably 20 to 200 um.

[0048] After the formation of a coating film through coating
with the agqueous coating composition, the coating film may be coated

withanintermediate coatingmaterial toforman intermediate coating
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layer. The formation of the intermediate coating layer may provide
additionally excellent corrosionresistance. The topcoating layer

is preferably formed after the formation of the intermediate coating

layer.
[0049] Any appropriate coating material may be adopted as the
intermediate coating material. Examples thereof include an

epoxy/amine-based coatingmaterial, a two-component urethane curing
type coating material, and a one-component urethane curing type
coatingmaterial. The intermediatecoatingmaterialmaybeasolvent
type or an agueous one, and is preferably an aqueous one because

an environmental load may be reduced.

[0050] The application amount of the intermediate coating
material may be set to any appropriate application amount depending
on the kind of the coating material, purposes of coating, and the
like. The application amount is preferably 20 to 400 g/m®. The
thickness of the intermediate coating layer may be set to any
appropriate thickness depending on the kind of the coatingmaterial,
purposes of coating, and the like. The thickness is preferably 10

to 100 um.

[0051] The top coating material, the intermediate coating
material, and the undercoating material may each contain a pigment,

an additive, and the like. Examples of the pigment and the additive
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include the pigments and additives described in the above-mentioned
section A. The number, kinds, and amounts of pigments and additives

to be added may be selected as appropriate depending on purposes.

[0052] As an application method and drying method for each of
the top coating material, the intermediate coating material, and
the undercoating material, any appropriate methods may be adopted
depending on the kind of the coating material to be used. Examples
of the application method and drying method for each of the top
coating material, the intermediate coating material, and the
undercoating material include the same methods described above for
the application method and drying method for the aqueous coating

composition.

Examples

[0053] Hereinafter, the present invention is described in more
detail by way of examples. However, the present invention is not
limited to the examples. It should be noted that, unless otherwise

specified, "part(s)" and "$" in the examples are on a mass basis.

[0054] (Production Example 1) Production of pigment paste
10 parts of water, 0.1 part of hydroxyethyl cellulose, 3 parts

of a pigment dispersant (manufactured by BYK-Chemie, trade name

"Disperbyk-190"), 10 parts of talc, 8 parts of calcium carbonate,

17 parts of titanium oxide, and 2 parts of a calcium-based anti-rust
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pigment were mixed with each other and stirred for 30 minutes with

a disper to produce a pigment-dispersed paste.

[0055] (Example 1)

1,005 parts of diglycidyl ether of bisphenol A and 495 parts
of bisphenol A were dissolved in 500 parts of methyl isobutyl ketone
(hereinafter, referred to as "MIBK"). To the solution were added
2 parts of dimethylbenzylamine, and the mixture was subjected to
a reaction continuously until an epoxy equivalent reached 1,500
to give an epoxy resin having a bisphenol skeleton which was to

serve as a raw material.

After the completionof the reaction, 123 parts of dibutylamine
were added and the mixture was subjected to a reaction at 120°C
for 1 hour to give the amine-modified epoxy resin (A) having a

bisphenol skeleton.

286 parts of dipropylene glycol n-butyl ether as the
plasticizer (C) (15 mass% with respect to the total amount of the
amine-modified epoxy resin (A) and the plasticizer (C)) were added,
and 3 parts of 90% acetic acid as the acid compound (B) were then
added toperformneutralization (neutralizationratio: 20%). While
the resultant was kept at 90°C with stirring, 2,600 parts of water
were gradually added thereto to achieve homogeneity. In addition,

under reduced pressure at 50°C, 1,000 parts of a mixture of MIBRK
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and water were distilled off to give a clear type aqgueous coating

composition (water dispersion).

50 parts of the clear type aqueous coating composition and
50 parts of the pigment paste obtained in the production example
described above were mixed with each other and stirred with a disper

for 10 minutes to give a white aqueous coating composition.

[0056] (Example 2)

1,939 parts of diglycidyl ether of bisphenol A and 1,061 parts
of bisphenol A were dissolved in 1,000 parts of MIBK. To the solution
were added 4 parts of dimethylbenzylamine, and the mixture was
subjected to a reaction continuously until an epoxy equivalent
reached 3,000 to give an epoxy resin having a bisphenol skeleton

which was to serve as a raw material.

After the completion of the reaction, 249 parts of an MIBK
diketiminated product of diethylenetriamine (hereinafter, referred
to as DETA diketimine) were added and the mixture was subjected
to a reaction at 120°C for 1 hour to give the amine-modified epoxy

resin (A) having a bisphenol skeleton.

1,059 parts of dipropylene glycol n-butyl ether as the
plasticizer (C) (25 mass% with respect to the total amount of the

amine-modified epoxy resin (A) and the plasticizer (C)) were added,
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( D [0066]From eachof the aqueous coating compositions of Examples 1 to 4, a coating film having
excellent corrosion resistance and water-resistant adhesiveness was obtained. On the other hand,
sufficient corrosion resistance was not obtained with each of the aqueous coB2irgNESThposHtisrE of
Comparative Examples. [0067](Examples A to K) FoLmation of multilayer coating film A substrate
was coated with the aqueous coating composition of Example 1 or Example 2 above to form a coating
film, and then coated with a top coating material to form a multilayer coating film. [0068]The details of

the top cgafing naleriaLusad ¢ asollows, Clop caaing marealcly 3alvent e pooxyigmine-based

coating materia As the solvent type epoxy/amine-based coating material, *

COATING {ira Jpaniagtuced; by, NIPRQNRAINT G0, LA Was p5ed- 25901V, ;1

two-component urethane-based coating material A As the solvent two-component urethane-based

coating rpateriad & THERON 29 kREINE" drade name)imagufactured by NEBRON, PAINT €4 Lid-was

used. 3. Solvent two-component urethane-based coating material E As the solvent two-component
urethanesbased caatiag Matetdak & HP-NRRELOGORET: By NIRE HRETOY ECHY drmdediasne)
manufactured by NIPPON PAINT Co., Ltd was used. 4. Aqueous epoxy/amine-based coating material
As the agueeus epavytanine-dasedecating material, Rpaguectis effoxy/amitediasesifcoatiBg
material produced in Production Example 2 below was used.
and water were distilled off to give a clear type agqueous coating
composition (water dispersion). Further, a white agqueous coating

composition was obtained in the same manner as in Example 1.

[0057] (Example 3)

A clear type aqueous coating composition (water dispersion)
was prepared in the same manner as in Example 2 except that an equal
amount of DBE (dibasic acid ester) was used as the plasticizer (C)
in place of dipropylene glycol n-butyl ether. Then, a white aqueous

coating composition was obtained.

[0058] (Example 4)

4,000 parts of an epoxy resin having an epoxy equivalent of
4,000 (manufactured by Japan Epoxy Resins Co. Ltd., grade: 1010)
as the epoxy resin having a bisphenol skeleton which was to serve
as a raw material were added to 1,167 parts of MIBK under heating,
100 parts of diethanolamine were further added thereto, and the
mixture was subjected to a reaction at 120°C for 1 hour to give

the amine-modified epoxy resin (A) having a bisphenol skeleton.
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5. Aqueous two-component urethane-based coating material A As the aqueous two-component
urethane-based coating material A, an aqueous two-component urethane-based coatingmaterial
produced in Production Example 3 below was used. 6. Aqueous two-compoheRt NFERhbd@sBaded
coating material B As the aqueous two-component urethane-based coating material B, "0-DE
URETOP" (trade name) manufactured by NIPPON PAINT Co., Ltd was used. 7. Aqueous
emulsion-based coating material As the aqueous emulsion-based coating material, "0-DE COAT

G" (trade name)f_n ga ure Sby I\%IPEQ. PAINT Co,, Ltd was used, 8, Aquequs carbodiimide-based
coating material A'satfeca odﬁmid%-basejd’\éggnpr}bn?a%%ri%,a}/ gacl%o |imi%1éyb9as§ L%%gtinagsma%tn%ﬁal

produced in,Broduction Example4 &s@%mﬁeﬁ%i@%@%@@%@oe@@mﬁ&zrgogw%% of

agueous epoxy/amine-based coating material 34.5 parts of ion-exchanged water and 0.3 part of a

sodium ERPrNPRA406GRE Lalkyldinhenyl ether disulionate {manufaciured-by Kag-Corparation, trade

name "PELEX SS-H") were loaded and heated in a nitrogen atmosphere to 80C. Next, a monomer

mixed saluiidrs 1¢luding, as rMoRoMeLs, k4 paits of styeaes 88 pastsigirrethylhexylacyylaigs 22 parts
of methyl methacrylate, 4 parts of ethylene glycol dimethacrylate, and 2 parts of methacrylic acid, and
as a chainitiadster pget, thbneart ohhipd niercaptan waslpreparesh The tesubat)monamer aixed
solution had an acid value of 13 mgKOH/g. The monomermixed solutionwas added to an emulsifier
aqueoustduiuties ol t 2ysams ofleegodiam alkyCdiphenys ether digylfdhate dnamufactoedvby Kao
Corporation, trade name "PELEX SS-H") in 50 parts of ion-exchanged water, and the mixture was
emulsifiétPWRRNGE Afker td prpdrdaheranalsionachighe rpassnametpre-dmuisidd andmn initiator
aqueous solution of 0.3 part of ammonium persulfate in 13 parts of ion-exchanged water were added
dropwise it the SESaBILHESSHSR differdht Groppirg fumers Sifditandbusi TR opwiddiEddition at
constant rates over 120 minutes for the former and over 150 minutes for the latter was started. After
the compBHoH ¥ e UFdvide Hattior? b ctiBnIHaS confinGar aF RS AR IEMDerAttict R above

for an additional 11%) m .eTrh%r.esuItant was cooled a‘gd then neutralized with aqueous ammonia

inute
corresponding (o %”Hgﬁ & methaeTyiic atid uset THE ReuffalizHiion Bttt RSkt with a

Q
m
zooqne§nﬁasggfg¥%%]%ggv%ggé¥£g§(¥HU%E£]@g%g %%%gggpééoggpg;émple 1.

[0059] (Comparative Example 1)

A white aqueous coating composition was obtained in the same
manner as in Example 1 except that an equal amount of butyl diglycol
was used as the plasticizer (C) inplace of dipropylene glycol n-butyl

ether.

[0060] (Comparative Example 2)

A white aqueous coating composition was obtained in the same
manner as in Example 2 except that an equal amount of propylene
glycol n-butyl ether was used as the plasticizer (C) in place of

dipropylene glycol n-butyl ether.

[0061] (Comparative Example 3)
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Subsequently, 1.9 parts of a pigment dispersant (manufactured by BYK-Chemie, trade name
"Disperbyk-190"), 0.3 part of a defoamer (manufactured by BYK-Chemie, trade name "BYK-019"), 18.6
parts of titanium oxide, 10.9 parts of calcium carbonate, 8.5 parts of talc, 2.9H2&-s I BrDantclist agent
(manufactured by KIKUCHI COLOR & CHEMICALS CORPORATION, trade name "LF BOUSEI
PM-303W"), and 12.1 parts of water were mixed with each other and dispersed with a disper. . To
the dispersion were added 41 parts of an emulsified epoxy resin (manufactured by ADEKA

CORPORATION, trad %aQeU"AODEK@ Félg%llN I%M-lools-§ i"e oxye ivalenté 00g/equivalent
solidcontent : 47%)), 1. part% of a film ?ormlngalén&ﬁanu actured Y% 855°CORP ASI“?(g\ﬁ,

OS2 Ohearl 2 ANt agenk (8 parhata deaqmst, 3ucLl f s altheacdig sy sion

I
resin produced in the foregoing to give a base resin liqui coating material. er, 8.9 parts
of a wateyrsoluble,palyamineresin-Susmide-(manufactiyred by Air Rioqdugts and (hemicalsy hic., trade
name "WH-910," active hydrogen equivalent: 135 g/equivalent (in terms of solid content), solid
content: §890)and i Loparsrf sateraweremxedwith €gch eiheste give sscuring@geht ured he
base resin liquid for a coating material and the curing agent were mixed with each other and stirred
with a disgeidtagive HzR-NPRISA6EPCY anaqueousepdxy/amingibased coating material.
[0070](Production Example 3) Production of aqueous two-component urethane-based coating material
22 parts of water, 6 parts of a pigment dispersant (manufactured by BYK-Chemie , trade name
"Disperbyk-190") , 70 parts of titanium oxide, 1 part of a defoamer (manufactured by BYK-Chemie,
trade naffEO'ENK-011 | "(@iRred R L0%ebdornmse ,4ahd 0.4 part of a dimethylethanolamine aqueous
solution (25 mass%) were mixed with each other and stirred with a disper to give a pigment paste.
39 parts of the réstiitah pigreRPHEsOBBIRHS BFRP B d hidOs HR Y IRDS OIS thadRutdeturedmsy DIC
Corporation, trade name "BURNOCK WE-306") , 0.4 part of a surface conditioner (manufactured by

BYK-ChBRE SradtPnam BB 456 Y e 68 Hdrtdfa IeveIng @it iR ahim R hy B PR IChemie,
trade name ".BYK-3353,"6) ,,0.4 gfrt %f 1surfacta t r%anufactured kg Air Products and Chemicals, Inc . ,
trade nafie “DYNOLAOR SO S p&t 5t & 'f/?s%o‘gﬁ)} RS (RafGfaliurdt By RORNTahE Eis
Company, frade name "Primal RM- 8W") , 0.1 part.of a dimeth anolamine aqueaqus, solution (25
mass%)%/%%l %%?rt%%o ; (?f}ejfcc)qziL e %nﬁ a%?ureodf%%lssﬁ%l\} ﬁgg%iqﬁlﬁtﬁ%ran S'L n§a%m‘”(’aere
"SN-Defaamer 3437 were mixed with.each ofier and sfirred.with a,disper Jo give;a pase tesiryliquid
for a coating material. 100 parts of the base resin liquid for a coating matetial were
F2P-NPB31086RE Taixed with -1/ parts of & yjer dispersible polyisocyapatedmanufagtyrediby DIC
Corporation, trade name "EURNOCK DNW-5000"), and the mixture was stirred with a disper to give
an aqueets §wo-crERONESE trethare-bases caating-matarial. dPOFLKPrasuctier &xample 4)
Production of agueous carbodiimide-based coating material 100 parts of 4,4-dicyclohexylmethane
diisocyanate were subjected to a reaction in the presence of 1 part of
3-methyl-1-phenyl-2-phospholene-l-oxide as a carbodiimidation catalyst at 170C for 8 hours to give a
carbodiirm®de édmpound Hawinte abaut8 cafbadienjulbgsdupspeemolétuleardhavingisdeyafiatégroups at
both terminals (isocyanate equivalent: 450 g/equivalent). To 360 parts of a
solution&ErafebdydinitihgdherarsddivsidExenipbandayith metfiye isbbugy ketone to 50 mass% were
added 0.02 part of dibutyltin laurate and 165 parts of polypropylene glycol having a molecular weight
of 2,000P 4R T hXEIR WES sUbjEEY 1o RSP RES5C/fof AfdurY SiaRauénty o5 parts of
polyethylene glycol monomethyl ether having 15 repeat units were added thereto, and the resultant
mixture RR5Bubjected f&a‘?’@&&%n%%ﬁ@&ﬁ% hBurs. After the confirmation of disappearance

ofthe isggyPnaie gLoumih &1, fpfaied speqopholometer. 93008l sorupinicy

5

Tripropylene glycol n-butyl ether (TPnB): viscosity: 10 mPa-s;
boiling point: 274°C; water solubility: 3

Butyl diglycol (BDG): viscosity: 5 mPa-s; boiling point: 230°C;

water solubility: «
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F2P-NPP11066PCT ion-exchanged water were added and the mixture was stirred to homogeneity.
Methyl isobutyl ketone and water were distilled off at 40C under reduced pressure so that an effective
component was adjusted to 40 mass% to give an aqueous carbodiimide curinZPalyeRt haotR{-a
carbodiimide equivalent of 825 g/equivalent. Next, to 35 parts of a pigment paste obtained by
mixing and dispersing, with a disper, 6.8 parts of water, 1 part of a pigment dispersant (manufactured
by BYK-Chemie , trade name "Disperbyk- 190 ") 1 part of ethylene glycol, 0.2 part of a defoamer, 2
parts of bari te,-and 24 pa f titanium oxide were added 35 parts of an acrylic emulsion (acid
w&g&&sgﬂg eg%go%. IQ Eté’f?%]ia%&%@r %gng\f V1iSCOS lsﬁﬁ) mPaa S Xﬁ) lT;l%’/l%ue: 55

value: 30 m H/g, solid content: ), 8 parts of a water-so le acrylic resin ((?m

mgKOH/g, hydroxyhy@die: 70.mgKQi/g, massayerage molecular weight: 9,000, solid content : 30
mass%) , 3 parts of a film forming aid (manufactured by CHISSO CORPORATION, trade name

"CS-12"), 1 part of a viscosity agent, and 1 part of a defoamer to give a base resin liquid for a coating
material. To the resultant base resin liquid fora coating material were added 35 parts of the
aqueous|carbadiimide cuwimgsagent praguced previously, and the mixture was stirred with a disper to
give an aqueous carbodiimide-based coating material. [0072)The resultant multilayer coating film was
evaluated for F2Z:&IRRAKIGHS CDits ivajertegisiantddhiasivenessiydthersane niethed empjoyed for
the evaluation of the single-layer coating film in the foregoing. [0072]Table 2 shows the evaluation
results toather with@dtaifslof thees@ibdtiates mpdheoatirtsconditibis. It should baaoted thatthe
polished steel sheet used in each of Example A and Example B had been degreased with xylene in
advance and the slate sheet used in Example H had had an aqueous sealer for an inorganic material
(manufactured by NIPPON PAINT CO., LTD., trade name "Ultra Sealer 11I") applied onto its surface in
advance! OEXSMpIPRIBERAGE P EXSRPISEExAINDIE D Example E Example Aluminum sheet

Substrate , .
A polished steel sheet degreased with xylene was coated with

each coating composition in an amount of 140 g/m® using a brush,
and the resultant was dried at room temperature for 24 hours. The
outer appearance of the thus-obtained coating film was visually
observed and evaluated based on the following criteria.

0: No abnormality

x: Occurrence of a crack or peeling

(Drying time)

A polished steel sheet degreased with xylene was coated with
each coating composition in an amount of 140 g/m? using a brush,
and the resultant was dried at room temperature for 24 hours. A
finger was pressed against the thus-obtained coating film, and a
degree of dryness was evaluated based on the following criteria.

©: No sticky feeling at the finger tip, and no fingerprint
left on the coating film upon release of the finger

x: Sticky feeling at the finger tip, or a fingerprint left
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on the coating film upon release of the finger

(Water-resistant adhesiveness)

A polished steel sheet degreased with xylene was coated with
each coating composition in an amount of 140 g/m? using a brush,
and the resultant was dried at room temperature for 24 hours to

give a test sheet.

The test sheet was immersed in water at 23°C for 7 days, and
then in accordance with a cross-cut method of JIS K 5600-5.6 (2006),
5x5 squares each measuring 3 mmx3 mm were formed thereon. A
pressure-sensitive adhesive tape was attached to a surface thereof
and then rapidly peeled off, and evaluation was performed based
on the following criteria with the number of squares left on the
surface.

©: All squares left on the surface

x: Some squares left on the surface

xx: No square left on the surface

(Corrosion resistance)
The obtainedcoatingcompositionwasappliedontoasandblasted
steel sheet at 140 g/m’ with a brush and dried at 20°C for 7 days

tc give a test sheet.

The resultant test sheet was subjected to a cyclic corrosion
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Example 2 Example 2 Example 2 Example 2 Application environment 5C 25C 50C 25C 50C 250C
Apolication method brush brush brush brush
F2P-NPP11066PCT

test defined in JIS K 5600 7-7, and the state of the coating film

after 120 cycles was evaluated based on the following criteria.

Ratio of area of rust generated on the coating film to the
area of surface of test sheet

©: Less than 0.05%

0: 0.05% or more and less than 0.1%

A: 0.1% or more and less than 0.3%

x: 0.3% or more

(Storage stability)

The obtained white aqueous coating composition was stored at
room temperature, and a state change during the storage was visually
observed.

©: No change even after a lapse of 1 month

©: A slight precipitation observed after a lapse of 1 month

x: A precipitation observed after a lapse of 1 day
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brush brush Application amo 140 g/m2 140 g/mf 140 g/m2 140 g/m2 100 g/m2 140 g/m4 Drying

environment 5x1 day 25Cx1 day 5Cx1 day 250Cx1 day 5Cx1 day 25Cx1 day Top

F2P-NPP11066PCT

[0065] [Table 1]
Example 1 Example 2 Example 3 Example 4
Molecular 3,000 6,000 6,000 8,000
welght
Amine-modified . . ) DETA DETA . .
. D . . . L 1
epoxy resin (A) Amine compound ibutylamine diketimine diketimine Diethanolamine
Modification 55 38 3% 35
rate
. 90% Acetic
. K , P — -
Acid compound ind acid
B -
(B) Neutral;zatlon 20% 185 183 60%
ratio
. DPnB DPnB . DBE TPnB
Kind Glycol Dibasic acid
. Glycel ether Glycol ether
Plasticizer ether ester
(C) Boiling point 229 229 200 274
Sclubility 6 6 5 3
Content 15% 25% 25% 30%
Outer
appearance of o o o e}
coating film
Drying time o o o o
. Water-resistant
Evaluations ) o © o
adhesiveness © ©
Corrosion
: ®
resistance © © © ©
Storage
o ® o
stability © © ©
Comparative | Comparative | Comparative Comparative
Example 1 Example 2 Example 3 Example 4
Molecular 3,000 6,000 1,850 3,000
weight
Amine-modified . . . TA . . . .
- Amine compound | Dibutylamine ) DE. ) Dibutylamine Dibutylamine
epoxy resin (A) diketimine
Modification 8s 35 gs 125
rate
. 90% Acetic
. K - - - -
Acid compound ind acid
B -
(B) Neutral;zatlon 20% 185 20% 20%
ratio
. BDG FnB DPnB
Kind Glycol Glycol Glycol ether B
Plasticizer Y ether Y
(c) Boiling point 230 170 229 -
Solubility = 6 6 -
Content 15% 25% 15% -
Outer
appearance of o o] o [s)
coating film
Drying time o] o o] o
. Water-resistant
Evaluations . X X X X %
adhesiveness
Corrosion
. X X X X
resistance
Storage ~
c s @© (@] @
stability ~ ~ © e
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coating material Kind of coating material Solvent type epoxy/amine -based coating material Solvent

type epoxy/amine- based coating material Solvent type 2K urethane coating material A Solvent type
F2P-NPP11066PCT

[0066] Fromeachof theaqueous coatingcompositions of Examples
1 to 4, a coating film having excellent corrosion resistance and
water-resistant adhesiveness was obtained. On the other hand,
sufficient corrosion resistance was not obtained with each of the

agqueous coating compositions of Comparative Examples.

[0067] (Examples A to K) Formation of multilayer coating film

A substrate was coated with the aqueous coating composgition
of Example 1 or Example 2 above to form a coating film, and then
coated with a top coating material to form a multilayer coating

film.

[0068] The details of the top coating material used are as
follows.
(Top coating material)
1. Solvent type epoxy/amine-based coating material

As the solvent type epoxy/amine-based coating material,
"HI-PON 40 TOP COATING" (trade name) manufactured by NIPPON PAINT
Co., Ltd was used.
2. Solvent two-component urethane-based coating material A

As the solvent two-component urethane-based coating material
A, "HI-PON 50 FINE" (trade name) manufactured by NIPPON PAINT Co.,
Ltd was used.
3. Solvent two-component urethane-based coating material B

As the solvent two-component urethane-based coating material
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2K urethane coating material A Aqueous epoxy/amine-b ased coating material Aqueous epoxy/amine-

based coating material ApplicatiOn environment 25C 25C 25C 25C 25C 25C
F2P-NPP11066PCT

B, "NIPPE URETOP ECO" (trade name) manufactured by NIPPON PAINT
Co., Ltd was used.
4. Agueous epoxy/amine-based coating material

As the aqueous epoxy/amine-based coating material, an aqueous
epoxy/amine-based coating material produced in Production Example
2 below was used.
5. Aqueous two-component urethane-based coating material A

As the aqueous two-component urethane-based coating material
A, anagqueous two-component urethane-basedcoatingmaterial produced
in Production Example 3 below was used.
6. Agueous two-component urethane-based coating material B

As the aqueous two-component urethane-based coating material
B, "O-DE URETOP" (trade name) manufactured by NIPPON PAINT Co.,
Ltd was used.
7. Agqueous emulsion-based coating material

As the aqueous emulsion-based coating material, "O-DE COAT
G" (trade name) manufactured by NIPPON PAINT Co., Ltd was used.
8. Adqueous carbodiimide-based coating material

As the carbodiimide-based coating material, a
carbodiimide-based coating material produced in Production Example

4 below was used.

[0069] (Production Example 2) Production of aqueous
epoxy/amine-based coating material

34.5 parts of ion-exchanged water and 0.3 part of a sodium
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Application method brush brush brush brush brush brush Application amount 200 g/m2 200 g/m2 100

gie 100 g/m2 140 g/m2 140 g/m2 Drying
F2P-NPP11066PCT

alkyl diphenyl ether disulfonate (manufactured by Kao Corporation,
trade name "PELEX SS-H") were loaded and heated in a nitrogen
atmosphere to 80°C. Next, a monomer mixed solution including, as
monomers, 14 parts of styrene, 58 parts of 2-ethylhexyl acrylate,
22 parts of methyl methacrylate, 4 parts of ethylene glycol
dimethacrylate, and 2 parts of methacrylic acid, and as a chain
transfer agent, 0.5 part of lauryl mercaptan was prepared. The
resultant monomer mixed solution had an acid value of 13 mgKOH/g.
The monomer mixed solutionwas addedtoanemulsifier agqueous solution
of 1.2 parts of a sodium alkyl diphenyl ether disulfonate
(manufactured by Kao Corporation, trade name "PELEX SS-H") in 50
parts of ion-exchanged water, and the mixture was emulsified with

a mixer to prepare a pre-emulsion.

The thus-obtained pre-emulsion and an initiator agueous
solution of 0.3 part of ammonium persulfate in 13 parts of
ion-exchanged water were added dropwise into the separable flask
fromdifferent dropping funnels simultaneously. Dropwise addition
at constant rates over 120 minutes for the former and over 150 minutes
for the latter was started. After the completion of the dropwise
addition, a reaction was continued at the same temperature as above
for an additional 120 minutes. The resultant was cooled and then
neutralized with aqueous ammonia corresponding to 10 mol% of the
methacrylicacidused. Theneutralizationproductwas filteredwith

a 200-mesh metal screen to give an acrylic emulsion resin.
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environment 250Cx1 day 250Cx1 day 25Cx1 day 25Cx1 day 25"Cx1 day 250Cx1 day Water-resistant

adhesiveness C-0000
F2P-NPP11066PCT

Subsequently, 1.9 parts of a pigment dispersant (manufactured
by BYK-Chemie, trade name "Disperbyk-190"), 0.3 part of a defoamer
(manufactured by BYK-Chemie, trade name "BYK-019"), 18.6 parts of
titanium oxide, 10.9 parts of calcium carbonate, 8.5 parts of talc,
2.9 parts of an anti-rust agent (manufactured by KIKUCHI COLOR &
CHEMICALS CORPORATION, trade name "LF BOUSEI PM-303W"), and 12.1

parts of water were mixed with each other and dispersedwith a disper.

To the dispersion were added 41 parts of an emulsified epoxy
resin (manufactured by ADEKA CORPORATION, trade name "ADEKA RESIN
EM-101-50, "epoxyequivalent: 500 g/equivalent, solidcontent: 47%),
1.7 parts of a film forming aid (manufactured by CHISSO CORPORATION,
"CS-12"), 0.4 part of an anti-rust agent, 0.2 part of a defoamer,
and 17 parts of the acrylic emulsion resin produced in the foregoing

to give a base resin liquid for a coating material.

Further, 8.9 parts of a water-soluble polyamine resin Sunmide
(manufactured by Air Products and Chemicals, Inc., trade name
"WH-910," active hydrogen equivalent: 135 g/equivalent (in terms
of solid content), solid content: 60%) and 11.2 parts of water were

mixed with each other to give a curing agent.

The base resin liquid for a coating material and the curing

agent were mixed with each other and stirred with a disper to give
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Example G Example E Example | Example J Example K Substrate Glass sheet Slate sheet Plastic

sheet Dull steel sheet Zinc phosphate-tre ated steel sheet
F2P-NPP11066PCT

an aqueous epoxy/amine-based coating material.

[0070] (Production Example 3) Production of aqueous
two-component urethane-based coating material
22partsofwater, 6 partsof apigment dispersant (manufactured
by BYK-Chemie, trade name "Disperbyk-190"), 70 parts of titanium
oxide, 1 part of a defoamer (manufactured by BYK-Chemie, trade name
"BYK-011," diluted to 10% before use), and 0.4 part of a
dimethylethanolamine agqueous so%ution (25 mass%) were mixed with

each other and stirred with a disper to give a pigment paste.

39 parts of the resultant pigment paste, 58 parts of an agqueous

acrylicpolyol (manufacturedby DIC Corporation, trade name "BURNOCK

WE-306"), 0.4 part of a surface conditioner (manufactured by
BYK-Chemie, trade name "BYK-346"), 0.05 part of a leveling agent
(manufactured by BYK-Chemie, trade name "BYK-333"), 0.4 part of

a surfactant (manufactured by Air Products and Chemicals, Inc.,
trade mname "DYNOL 604"), 0.5 part of a viscosity adjuster
(manu‘factured by Rohm and Haas Company, trade name "Primal RM-8W"),
0.1 part of a dimethylethanolamine aqueous solution (25 mass%),
and 2 parts of a defoamer (manufactured by SAN NOPCO LIMITED, trade
name "SN-Defoamer 373") were mixed with each other and stirred with

a disper to give a base resin liquid for a coating material.

100 parts of the base resin liquid for a coating material were
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Aqueous coating composit ion Kind of coating material Example 1 Example 2 Example 2 Example 1

Example 2 Application environment 25C 250C 25C
F2P-NPP11066PCT

mixed with 17 parts of a water dispersible polyisocyanate
(manufactured by DIC Corporation, trade name "BURNOCK DNW-5000"),
and the mixture was stirred with a disper to give an agqueous

two-component urethane-based coating material.

[0071] (Production Example 4) Production of aqueous
carbodiimide-based coating material

100 parts of 4,4-dicyclohexylmethane diisocyanate were
subjected to a reaction in the presence of 1 part of
3-methyl-1-phenyl-2-phospholene-1l-oxide as a carbodiimidation
catalyst at 170°C for 8 hours to give a carbodiimide compound having
about 3 carbodiimide groups per molecule and having isocyanate groups

at both terminals (isocyanate equivalent: 450 g/equivalent).

To360partsof asolutionobtainedbydilutingthe carbodiimide
compound with methyl isobutyl ketone to 50 mass$% were added 0.02
part of dibutyltin laurate and 165 parts of polypropylene glycol
having a molecular weight of 2,000, and the mixture was subjected
to a reaction at 85°C for 1 hour. Subsequently, 125 parts of
polyethylene glycol monomethyl ether having 15 repeat units were
added thereto, and the resultant mixture was subjected to a reaction

at 85¢C for 1.5 hours.

After the confirmation of disappearance of the isocyanate

groups with an infrared spectrophotometer, 920 parts of
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25 25C plication Ap method Spray Roller Roller Airless spray Airless spray Application amount 140

g/m2 250 g/m2 140 g/m2 250 g/m2 140 g/m2
F2P-NPP11066PCT

ion-exchanged water were added and the mixture was stirred to
homogeneity. Methyl isobutyl ketone and water were distilled off
at 40°C under reduced pressure so that an effective component was
adjusted to 40 mass% to give an aqueous carbodiimide curing agent

having a carbodiimide equivalent of 825 g/equivalent.

Next, to 35 parts of a pigment paste obtained by mixing and
dispersing, with a disper, 6.8 parts of water, 1 part of a pigment
dispersant (manufacturedbyBYK-Chemie, trade name "Disperbyk-190"),
1 part of ethylene glycol, 0.2 part of a defoamer, 2 parts of barium
sulfate, and 24 parts of titanium oxide were added 35 parts of an
acrylic emulsion (acid value: 30 mgKOH/g, solid content: 55 mass%),
8 parts of a water-soluble acrylic resin (acid value: 55 mgKOH/g,
hydroxyl value: 70 mgKOH/g, mass average molecular weight: 9,000,
solid content: 30 mass%), 3 parts of a film forming aid (manufactured
by CHISSO CORPORATION, trade name "CS-12"), 1 part of a viscosity
agent, and 1 part of a defoamer to give a base resin liquid for

a coating material.

To the resultant base resin liquid for a coating material were
added 35 parts of the aqueous carbodiimide curing agent produced
previously, and the mixture was stirred with a disper to give an

aqueous carbodiimide-based coating material.

[0072] The resultant multilayer coating film was evaluated for
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Drying environment 25.02x1 day 225Cx1 day 250Cx1 day 80Cx20 min 80Cx20 min Top coating

material Kind of coating Aqueous 2K urethane-ba sed coating material A Aqueous emulsion-has ed
coating material F2P-NPP11066PCT

its water-resistant adhesiveness by the same method employed for

the evaluation of the single-layer coating film in the foregoing.

{0073]( Table 2 shows the evaluation results together with
details of the substrates and coatingconditions. It shouldbe noted
that the polished steel sheet used in each of Example A and Example
B had been degreased with xylene in advance and the slate sheet
used in Example H had had an aqueous sealer for an inorganic material
(manufactured by NIPPON PAINT CO., LTD., trade name "Ultra Sealer

ITI") applied onto its surface in advance.
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Aqueous carbodiimi de -based coating material material Solvent type 21 urethane coating material )8
Agqueous 2K urethane-base d coating material 12 Application environment 25C 25C
F2P-NPP11066PCT

[0074] [Table 2]
Example A Example B Example C Example D Example E Example F
Substrate Polished Polished Zinc-plated Zinc-plated Aluminum Aluminum
steel sheet steel sheet steel sheet steel sheet sheet sheet
Kind of
coating Example 1 Example 1 Example 2 Example 2 Example 2 Example 2
material
Aqueous | “Pplication 50C 250°C soC 250C 50C 250C
. environment
coating Application
composit PP brush brush brush brush brush brush
ion method
Application 2 2 2 2 2 2
4 4
amount 140 g/m 140 g/m 140 g/m 140 g/m 100 g/m 140 g/m
Drying ° ° ° o o o
environment 5oCx1 day 25°Cx1 day 5eCx1l day 25°Cx1 day 5°Cx1 day 259Cx1 day
Solvent
, type Solvent type | Solvent type | Solvent type Agueous Agueous
Kind of X : ; .
coatin epoxy/amine | epoxy/amine- 2K urethane 2K urethane | epoxy/amine-b | epoxy/amine-
materiéﬁ ~based based coating coating coating ased coating based coating
coating material material A material A material material
Top material
coating | PPPlication 250C 250C 250C 250C 25¢eC 250C
X environment
material Application
PP brush brush brush brush brush brush
method
Application 2 2 2 2 2 2
2 200 100 1 140 14
amount 00 g/m g/m g/m 00 g/m g/m 0 g/m
Drying ° ° ° ° o °
environment 25°Cx1 day 25°Cx1 day 25°Cx1 day 25°Cx1 day 25°Cx1 day 25°Cx1 day
Water-resistant
) o o o o <] o
adhesiveness
Example G Example H Example I Example J Example K
Zinc
Plastic Dull steel phosphate-tre
Substrate Glass sheet Slate sheet sheet sheet ated steel
sheet
Kind of
coating Example 1 Example 2 Example 2 Example 1 Example 2
material
Aqueous | APplication 250C 250°C 250¢ 2500 250C
X environment
coating I Tication Rirless
composit PP Spray Roller Roller Airless spray
ion method spray
Application 2 2 2 2 2
amount 140 g/m 250 g/m 140 g/m 250 g/m 140 g/m
Drying 25°Cx1 day | 25°Cxl day 25°Cx1 day | 80°Cx20 min | 80°Cx20 min
environment
. Agqueous 2K Agqueous Aquepgg Solvent type Agueous 2K
Kind of . carbodiimide
. urethane-ba | emulsion-bas 2K urethane | urethane-base
coating . . -based :
material sed coating ed coating coatin coating d coating
material A material }g material B material B
material
Top Application 250C 25°C 250C 25°C 250C
coating environment
material | Application Airless
method Spray Roller Roller spray Airless spray
Application 2 2 2 2 2
Smount 120 g/m 120 g/m 120 g/m 120 g/m 120 g/m
Drying 250Cx1 day | 25°Cx1 day 25°Cx1 day | 80°Cx20 min | 80°Cx20 min
environment
Water-resistant
, o o o o o
adhesiveness
[0075] (Comparative Examples)
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250C 25C 25C Application method Spray Roller Roller Airless spray Airless spray Application

amount 120 g/m2 120 g/m2 120 g/m2 120 a/mf
F2P-NPP11066PCT

Multilayer coating films were each obtained in the same manner
as in Example B except that any one of the aqueous coating compositions
of Comparative Examples 1 to 4 was used in place of the aqueous

coating composition of Example 1.

Each of the resultant multilayer coating films was evaluated

for its water-resistant adhesiveness and marked with Symbol "x".

[0076] As shown in Table 2, in each of Examples, the multilayer
coating film formed by the method of forming a multilayer coating
film according to the present invention was excellent in
water-resistant adhesiveness. The multilayer coating film formed
by the method of forming a multilayer coating film according to
the present invention was excellent inwater-resistant adhesiveness
and corrosion resistance, which suggested sufficient adhesiveness
between the coating £ilm formed with the aqueous coating composition
used in the the present invention and a top coating layer in the

multilayer coating film.

On the other hand, the multilayer coating film of each of
Comparative Examples was poor in water-resistant adhesiveness.
This is probably because the performance of the coating film formed
with the aqueous coating composition of each of Comparative Examples

is insufficient.
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120 g/m2 Drying environment 250Cx1 day 25Cx1 day 25CxI day 80Cx20 min 80Cx20 min

Water-resistant adhesivenesso 00O,
F2P-NPP11066PCT

Industrial Applicability

[0077] The aqueous coating compositionof the present invention
can be suitably used as, for example, an anticorrosive coating
material. Specifically, the aqueous coating composition of the
present invention can be suitably applied to ships, vehicles (e.g.,
railway vehicles, large vehicles), aircraft, bridges, marine
structures, plants, tanks (e.g., petroleum tanks), pipes, steel
tubes, cast iron tubes, and the like as well as metal parts included

in architectural structures, such as doors and window frames.
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[0075](Comparative Examples) F2P-NPP11066PCT Multilayer coating films were each obtained
in the same manner as in Example B except that any one of the aqueous coating compositions of
Comparative Examples 1 to 4 was used in place of the aqueous coating compdsitidn B EEmple 1.
Each of the resultant multilayer coating films was evaluated for its water-resistant adhesiveness and
marked with Symbol "x". [0076]As shown in Table 2, in each of Examples, the multilayer coating film
formed by the method of forming a multilayer coating film according to the present invention was
excellent in water-resistant adhesiveness. The multilayer coating film formed by the method of forming
a multilayer coating film according to the present invention was excellent in water-resistant
adhesivenessiand roresion resistanseawhich suggestedrsufticieat-aghesivangss between the coating
film formed with the aqueous coating composition used in the the present invention and a top coating
layer in the multdayer eoatingdfila. f 1 edOnthe: ptheehand, the multilayer ceating fitm 0f eaahyof
Comparative Examples was poor in water-resistant adhesiveness. This is probably because the
performance. 6ftheeating fiky formed withy thegagueous coatimgwconypdsitionZof Eathoaf Comparative
Examples is insufficient. F2P-NPP11066PCT Industrial Applicability [0077]The aqueous coating
composiiof ofahe peesent iriehtior taf belstitablydsed as, fonexampleranwriicorosive coating
material. Specifically, the aqueous coating composition of the present invention can be suitably applied
to ships, vehicleg (el Sfallifa§Sfehicles? fatgé vehfclesy dirctaff Biidges, Marifé strueturéslants,
tanks (e.g., petroleum tanks), pipes, steel tubes, cast iron tubes, and the like as well as metal parts
includedPmCarcité@aral strictures tich as doors and window frames. F2P-NPP11066PCT Claims
Claim 1 An aqueous coating composition, comprising: an amine-modified epoxy resin (A) which is
obtained by modifying an epoxy resin having a molecular weight of 2,000 or more and having a
bisphenplcsikﬂ%[%n_\ﬂi%haaﬂ amine cao gound' and gnplasticgfz&r_r(C)twhngQ%sla bgilin%Pgint of

200C or more and is Watcér-elr?suo uble. Tﬁrﬁdﬁ%on%ﬁﬁleousac%% mgcorﬁpgsﬁlonacco’r(ﬂnfifo claim1,

wherein.a confentof the plagticizer (€) is;1Q.to R parts byom@%g with respect,to 100 parts by, mass in

total of the amine-modified epoxy resin (A) and the plasticizer (C).

respect to 100 parts by mass in total of the amine-modified epoxy

resin (A) and the plasticizer (C).

[ Claim 3] An aqueous coating composition according to claim 1 or
2, wherein the amine-modified epoxy resin (A) has an amino group

neutralized with an acid compound (R).

[ Claim4] Anaqueous coatingcompositionaccordingtoclaim3, wherein
the amine-modified epoxy resin (A) has a neutralization ratio of

10 to 80%.
[ Claim 5] An aqueous coating composition according to any one of

claims 1 to 4, wherein the amine-modified epoxy resin (A) has a

modification rate of 1 to 10 mass%.
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[Claim 3] An aqueous coating composition according to claim 1 or 2, wherein the amine-modified
epoxy resin (A) has an amino group neutralized with an acid compound (B). 3 Claim 4] Anagueous
coating composition according to claim3, wherein the amine-modified epoxyfrdSiN{R) H¥HpRCT
neutralization ratio of 10 to 80%. [Claim 5] An aqueous coating composition according to any one of
claims 1 to 4, wherein the amine-modified epoxy resin (A) has a modification rate of 1 to 10 mass
F2P-NPP 1 1 066PCT [Claim 6] An aqueous coating composition according to any one of claims 1 to

5, wherein the plasficizer (C).nas.a water slybiiity,of 10 parts by mass;or less in 100 parts hy-mass of

water. [Claim 7] A method of forming a coating film, comprising coating a substrate with the aqueous

coating eampesitionaccordipgdeany eneof ¢clains 4te b toformya goating fimp. [Claim 8}Amethod of
forminga multilayer coating film, comprising:  coating a substrate with the aqueous coating
compositien accekding ta-gnynane of elaims 4 to:6 tooformaa-fteating filas and forming:a. top coating
layer on the coating film. [Claim 9] A method of forming a multilayer coating film according to claim 8},
further comprising forming an intermediate coating layer after the forming of the coating film with the
agueous coating composition and before the forming of the top coating layer. [Claim 10] A method of
forming Gaaitilmyer cdating filbdcedrdimg tolclaim 8-org,faphér éomprisingforming arparidergoating
layer e substrate before the forming of the coating film with the aqueous coating composition.

a substrate with the agueous coating composition according to any

one of claims 1 to 6 to form a coating film.

[ Claim 8] Amethod of forming amultilayer coating film, comprising:
coating a substrate with the aqueous coating composition
according to any one of claims 1 to 6 to form a coating film; and

forming a top coating layer on the coating film.

[ Claim 9] A method of forming a multilayer coating film according
toclaim 8, further comprising forming an intermediate coating layer
after the forming of the coating film with the agqueous coating

composition and before the forming of the top coating layer.

[ Claim 10] A method of forming a multilayer coating film according
to claim 8 or 9, further comprising forming an undercoating layer
on the substrate before the forming of the coating film with the

agueous coating composition.
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