NPP11G67PCT

Descripticn

Title of Invention: METHOD FOR FORMING COATING FILM

Technical Field
[GO01] The present invention relates to a method for forming

2 coating film.

Background Art

[0002] In gensral, a soclvent-type coating material including
an epoxy resin and a polyamine compound is used as an anticorrosivs
coating material. However, in recent years, from a standpoint of
environmental protection, there is a social demand for a shift from
the sclvent-based coating material to an agueocus coating material.
Fxamples of the agqueous coating material include an aqueous coating
material which includes: as a base resin, a mixture obtained by
blending a variety of pigments and additives in a water-soluble
polyamine resin; an epoxy-resin emulsion; and an acrylic silicon
resin emulsion containing a glycidyl group and an alkoxysilyl group

(Patent Document 1).

(00031 However, in the case of using a curing reaction of the
epoxy resin and the polyanmine compound, it is difficult to form
a coating filmwhich exerts practical performance at low temperature
(e.g., 5°C or less) because the curing reaction hardly proceeds

at low temperature.



Prior Art Document

Patent Document

[0004] {PTL 1] Jp 11-166153 A
Summary
[0004al In a first aspect of the present disclosure, there is

provided a method of forming a coating film, comprising coating
a substrate with an agueous coating composition and air drying the
aqueous coating composition to form a ccating film, wherein the
agueous coating composition is a two-component agueous coating
composition comprising a base resin liquid for a coating material
and a curing agent} the base resin liquid for a coating material
comprises an agueous epoxy-based polyamine resin (A} having one
Or more primary amino groups ané/or secondary amino groups in a
molecule, the curing agent comprises a compound {B) having one or

more (meth)acryloyl groups in a molecule.

Problem to be solved by the Invention

[0005] The present invention has been made to sclve the
conventional problem, and an object of the present invention is
to provide a method for forming a coating film which is excellent
in low-temperature curability.

Means for solving the Problems

[0006] A method of forming a coating film according to an



embodiment of the present invention includes coating a substrate
with an aqueous coating composition to form a coating film, wherein
the agueous coating composition includes: an aguecus epoxy-based
polyvamine resin (&) having cne or more primary aminc groups and/or
secondary aminc groups in a molecule; and a compound (B) having

cne cr more (meth)acryloyl groups in a molecule.

Inapreferredembodiment of the invention, the agueous coating
compositiconisa two-component agueous coating compositionincluding
a base resin liguid for a coating material and a curing agent, the

base resin ligquid for a coating material comprising the agqueous
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epoxy-based polyamine resin (A} and the curing agent comprising

the compound (B).

In a preferred embodiment of the invention, the agueous

epoxy-based polyamine resin (A) is water-dispersible.

In a preferred emboediment of the inventicon, the agueocus
epoxy-based polyamine resin (&) has an amino group equivalent of

100 to 3,000.

In a preferred embodiment of the invention, the agueous
epoxy-based polyamine resin (A} is obtained by amine-modificaticn
of an epoxy resin, and the epoxy resin has an epoxy eguivalent of

180 to 3,800,

In a preferred embodiment of the invention, the agueous
epoxy~nased polyamine resin (A) in the agqueocus coating composition
includes: an agueous epoxy-based polyamine resin [(Al) obtained by
amine-nodification of an epoxy resin (al) having an epoxy equivalent
of 400 te 1,500; and an agueous epoxy-based polyamine resin {(A2)
obtained by amine-modification of an epoxy resin (22) having an

epoxy eguivalent of 2,000 to 3,200.

In & preferred embodiment of the inventicn, a mass ratio of

the epoxy resin {al) and the epoxy resin (a2} (al/a2) 1is 8/2 to
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2/8.

In a preferred smbodiment c¢f the invention, the agueous
epoxy-based polyamine resin (A} 1s obtained by neutralization of
an amino group of an epoxy-based polyamine resin with an acid, and

a neutralization ratio in the neutralization is 10% to 70%.

In a preferred embodiment of the invention, the compound (B)

has a viscosity at 25°C of 3,000 mPa-s or less.

In a preferred embodiment of the inventicn, the compound (B}

has a molecular weight of 130 or more and 2,000 oxr less.

In a preferred embodiment of the invention, the method of
forming a coating film further includes forming a top coating layer
on the coating film after the forming c¢f the coating £ilm with the

agqueous coating composition.

In a preferred embcdiment of the invention, the method of
forming a coating film further includes 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.

In a preferred embodiment of the invention, the method of

forming a coating film further includes forming a undercoating layer
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on substrate before the forming of the coating film with the agueous

coating composition.

Effects of the Invention

[0007] Accerding te the methed of forming a coating film
according tothepresent invention, it ispossible toobtainacoating
film which exerts practical performance even at low Lemperature
{(for example, 5°C or less) by using an agqueous coating composition
including an agueous epoxy-based polyamine resin {A} having one
or more primary amino groups and/or secondary amino groups in a
molecule and a compound {B) having one or more {(meth)acryloyl groups
in a molecule. More specifically, the agquecus coating composition
utilizes, fcr a curing reaction, a Michael addition reaction at
a high reactivity, and hence a cured ccating f£ilm can be obtained
even at low temperature (for example, 5°C or less). Further, in
the case where the agueous epcxy-based peolyamine resin (A) is
water-dispersible, the agueous coating composition has good
stability at ordinary temperature in spite of very high reactivity
cf the Michael additicn reaction itself and 1is excellent in
workability compared with a solvent-based coating composition. In

addition, the epoxy resin is used as a binder, and hence a ceating

film excellent in corrosion resistance can be obtained.

Description of Embodiments

[o00eg] A, Method of forming cecating film
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A method of forming a ceating f£ilm according to the present
invention inciudes coating a substrate with an agueocus coating

compesition to form a coating film.

[(Q009] A-1. Cutline of agueocus cocating composition

The agueous <oating composition inciudes: an agueous
epoxy-based polyamine resin (A} having one or more primary amino
groups and/or secondary amine groups in a molecule; and a compound
{B) having one or more (meth)acrylioyl groups in a molecule. 1In the
agueous coating composition, a curing reaction {Michael addition
reaction) c¢f the agueous epoxy-based polyamine resin (A) and the
compound (B} 1is caused tc proceed by mixing these compounds, to
thereby allow a coating film to be formed. The curing reaction of
the aguecus epoxy-kased polyamine resin (&) and the compound (B)
can be performed even at low temperature {(for example, 5°C), and
hence the aguesous coating composition is excellent in

low-temperature curability.

[0G10] The aquecus coating composition 1s preferably a
two-ccomponent agusous cocating compesition including a base resin
liguid for a ceoating material and a curing agent. It is preferred
that the base resin liguid for a coatingmaterizal include the aqueous
epoxy-based polyamine resin (A}, and the curing agent include the
compound (B). When the aqueous coating composition is used as the

two-component agueous coating composition, an agueous ceating
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compositionexcellent in low-temperature curability canbe chtained
because it 1is possible to select a2 combination of the agueous
epoxy-basad polyamine resin (A} and the compound (B) such that both

cf them exhibit high reactivity to each cother.

10011} Beforemixning of the agueous epoxy-basedpolyamine resin
{A) and the compound (B}, the agueous coating composition may be
treated, forexample, by {1) diluting the compound (B) with anorganic
solvent, (2) mixing an emulsifier in the compound (B) or emulsifying
or dispersing the compound (B) with a dispersant, an emulsifier,
or an agueous resin, or (3) dispersing the compound (B) inadispersing
element of a resin different from the agqueous epoxy-hased polyamine
resin (A). When such treatment is carried out, the agueous
epoxy-based polyamine resin (A) and the compound (B) can be mixed
without using a special mixing device, to thereby obtain an agueous
coating compesition excellent in dispersibility and capable of
aliowing the agueocus epoxy-basadpolyamine resin (A) and the compound

(B) to react with each other efficiently.

[0012] Examples of the organic sclvent to be used when the
compound (B) is diluted with the organic solvent include ethylene

glvcol monobutyl ether and diethylene glycol monobutyl ether.

100137 A nonionic emulsifier or an anionic emulsifier, for

example, is used as the emulsifier to used when the emulsifier is
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mixed in the compound (B) or the compound (B) is emulsified or
dispersedinwaterwiththedispersant, theemulsifier, orthe agqueous
resin. Examples ¢f the nonionic emulsifier include a
polyoxyethylene alkyl phenol ether, polvoxyethylene styvrenated
phenyl ether, a polyoxyethylene alkyl ether, a polyoxyethylene
pelyoxypropylene block polymer, and a sorbitan fatty acid sster.
Examples of the anionicemulsifier include a dodecylbenzenesulfonic
acld salt, adialkyl succinate sulfonic acidsalt, apolyoxyethylene
alkyl ether sulfurilc acid ester salt, a polyoxryvethylenes styrenated
phenyl ether sulfuric aclid ester salt, and an alkyl diphenvyl ether
disulfonic acid salt. Exampies of the dispersant include a
polvacrylic acid sodium salt, an ammonium salt of & half ester of
a styrene-maleic acid copolymer, and a polyethylene oxide adduct
cf a half ester of a styrene-maleic acid copolymer. Examples of
the agueous resin include a sodium salt of polyacrylic acid ester.
It should be noted that, in the case where the agueous ccating
composition is a two-~component ceomposition, the dispersant, the
emuisifier, or the aqueous resinmay be incorporated into the curing

agent.

10014 Examples of the dispersing element to be used when the
compound (B) is dispersed in the dispersing element of a resin
different from the aqueous epoxy-based polvamine resin (A) include
an emulsion and dispersion of an acryliic resin, an emulsicen and

dispersion of a urethane resin, and an agueous epoxy-based polyamine
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resin having no primary amino group and no seccndary amino group.

[06015] The content of the agueous epoxy-based polyamine resin
{A) in terms of a solid content is preferably 5 to 95 mass%, more
preferablily 10 to 20 mass% with respect to the total solid content

of the agqueous ccatlng composition.

[(001le) The content of the compound (B) is preferably Z to 30
mass?, more preferably 5 teo 25 mass% with respect to the total solid

content of the aguecous coating composition.

[0017] An squivalent ratioco of the (meth)acryvlovl group of the
compound (B} and the amino group of The aquecus epoxy~hbased polyamine
resin (&) {{(meth)acryleyl group/amino group; is preferably 0.7 to
2.5, more preferably 0.8 teo 2.0. When the squivalent ratio is less
than 0.7, the low-temperature curability of the agueous coating
compoesition may reduce. When the equivalent ratio exceeds 2.5, the

adhesive property of a coating film to be obtained may reduce.

[oolg] The agueous coating composition may further include a
plgment. When the pigment 1s incorporated, the aguecus coating
composition has an increased viscosity and can form a thick coating
film by single application. As a result, an agquecus coating
composition excellent in application workability can be obtained

since the number of application canbe reduced, and capable of forming
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a coating film which exhibits sufficient corrosicon resistance can

be obtained.

[0019] Specificexamplesof the pigment include: colorpigments
such as titanium oxide, yellow iron oxide, red iron oxide, carbon
bilack, phthalocyanine blue, phthalocyanine green, azo red,
gquinacrideone red, and benzimidazolone yellow; extender plgments
such as calcium carbonate, barium sulfate, kaolin, clay, talc, and
mica; and anti-rust pigments such as zinc phosphate and calcium

phosphate.

[0020] The pigment volume concentration of the pigment in the
aguecus coating composition is preferaply 20 to 50%, more preferably
25todh%, particularlypreferably 30to40%. Whenthe pigment volume
concentration is less than 20%, the effect of the incorporatiocn
of the pigment may be insufficient, while when the pigment volume
concentration exceeds 50%, the outer appearance of the coating film
may deteriorate. It should be noted that the pigment wvolume
concentration can be calculated from the mass of the pigment blended

and the specific gravity ¢f each component in the coating material.

[C021] The agueous coating composition may include water, a
solvent, or an additive. Specificexamples of the sclvent include:
glycol-based sclvents such as ethylene glycol, propylene glycol,

ethylene glycol monchutyl ether, propylene glycol mencbutyl ether,

10
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diethyvlene glycel, dipropylene glycol, diethylene glycol moncbutyl
ether, dipropylene glycol monobutyl ether, and diethyvlene glycol
dibutyl ether; aromatic solvents such as xylene, Solvesso 106,
Solwvesso 150, and Solvesso 200; hydrocarbon-based solvents such
as mineral spirit; and ester-based solvents such as
2,2,4-trimethyl-1, 3-pentanediocl monoisocbutyrate (manufactured by
CHI3SO CORPORATION, trade name "C3-12"),
2,2,4—trimethyl—l,3—péntanedicl gilscobutyrate (manufactured by
CHISSO CORPORATION, trade name "CB5-16"), diethyl adipate, and
diiscbhutvl adipate. 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, a UV
absorbing agent, and an antioxidant. When the agueous ccating
cemposition is used ag a two-component agueous coating composition,
water, the solvent, and/cr the additive may be added to a base resin
licuid for 2 ceoating material or a curing agent before mixing of
the base resin liquid for a coating material with the curing agent
or may be added after mixing of the base resin liguid for a coating
material with the curing agent. Which of the base resin liquid for
a coating material and the curing agent water, the solvent, and/or
the additive are/is added tomay be determined based on The functions

and properties expected of them.

(06227 The agqueous coating composition may inciude an

alkoxysilane compound as an additive. The aquecus coating

11



NPP11067PCT

composition including the alkoxysilane compound can form a coating

film excellent in adhesive properiy to the substrate.

{coz3; Specificexamples cf thealkoxysilane compound include:
v-—glycidoxyalkyltrialkoxysilanes such as
v-glyvcidoxypropyltrimetheoxysilane,
y-glycildoxypropyltriethoxysilane, and
v-giycidoxypropoxytrimethoxysilane;
v-aminopropyltrialkoxysilanes such as
yv-aminopropyltriethorysilane and v-aminopropyltripropoxvsilane;
and N-phenyl-v-amincalkylitrialkoxysilanes such as
N-phenyl-y-aminopropyltrimethoxysilane,
N-phenyl-y-amincpropyltriethoxysilane, and
N-phenyi-y-aminopropyltripropoxysiiane. Theymay be used alone or
incombination. Theymaybepartiallysubjectedtohydrolysisand/or

hydrclysis dehydration condensation,

(00243 When the alkoxysilane compound is incorporated, its
content i1s preferably 0.3 Tc 3 mass%, more preferably 0.5 to 2 masss
with respect to the total sclid content of the agueocus coating

composition.

06253 -2, Agueocus spoxy-based polyamine resin (&)
The aguecus ceoating compesition i1ncludes the agueous

epoxy-based polyamine resin (A) having one or more primary amino

1z
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groups and/or secondary aminoc groups in a molecule. The agueous
coating composition including such resin as a binder can form a
coating'fihnexcellentjjlcorrosion;esistamce. It should be noted
that the concept of Yagueous" as used hereln conprehends

"water-sciuble" and "water-dispersible.”

[0026] The aguecus epoxy-based polyamine resin (A} is
praferably water—-dispersible. When a water-dispersible aguecus
epoxy-based peolyamine resin (A} is used, a coating film excellent
in water resistance can be formed. In addition, in the caze where
the aqueous epoxy-based polyamine resin {(A) is water-dispersible,
the resin can be easily mixed with the compound (B). Further, a
rapid reaction progress of the aguecus epoxy-based polyamine resin
(&) and the compound (B) can be inhibited to appropriately adiust
the reactivity, thereby obtaining an aqueous coating composition
with a long service life. More specifically, in the case where the
aqueous epexy-based polyamine resin (A) is water-dispersible, in
the agueocus coating composition kbefore applicaticn, the reaction
hardly proceeds even at ordinary temperature, which provides good
stability and applicationproperty, because the agueous epoxy-based
polyaming resin (A) is hardly brought into contact with the compound
(B1. Ontheotherhand, afterapplication, adispersionmedium (such
as water) volatilizes to facilitate the contact between the agueous
epoxy-~based polyamine resin (A} and the compound (B). Therefore,

the curing reaction proceeds even at low temperature, to thereby

13
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allow a coating film to be formed.

[C0Z7) The aqueous epoxy-based polyamine resin (A) can be
obtained by, for example, amine-modification of an epoxy resin,.
Further, when the epoxy-based polyvamine resin obtained by
amine-modificationof theepoxy resinisnot agueous, the epoxy-based
polyamine resinmaybe converted intoanagquecusresinby, forexample,
neutralization of an amino group with an acid, to thereby obtain

the agqueous epoxy-based polvamine resin (A).

[0028] The epoxy resin is preferably a bisphencl A-type epoxy
resin or a pisphencl F-type epoxy resin, particularly preferably

a bisphenol A-type epoxy resin.

(00291 The epozyequivalent of the epoxyresinmaybe determined
depending on desired coating f£ilm physical properties. The epoxy
equivalent is preferably 180 to 3,800, more preferably 400 to 3, 200,
particularly preferably 700 to 3,200. When the epoxy equivalent
of the epoxy resin is in such range, a coating film excellent in
water resistance, corrosion resistance, and water-resistant
adhesive property can ke obtained. When the epoxy resinhas an epoxy
eguivalent of less than 180, the initial rain resistance of a coating
film to be obtained may reduce. Meanwhile, when the resin has an
epoxy eguivalent of more than 2, 800, the epoxy-based polyamine resin

may ncot be dispersed in water to cause phase separation, which makes

i4
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it impossible to convert the coating compesition into an agqueous
one and to obtain an agueocus coating composition having sufficient
water-resistant adhesiveproperty. Itshouldbenotedthat theepoxy
eguivalent of the epoxy resin can be determined in accordance with
JIS K 7236, Inaddition, the term "initial rain resistance” as used
herein refers to water resistance in an initial stage of the curing
of a coating film, specifically, in a stage in which a coating f£ilm
which has neot completely cured but is non-sticky is formed. When
the coating film is poor in initial rain resistance, the ceoating
filmmay break or swell by exposure torainbefore the appliedcoating
film cures completely. The agqueous coating composition capable of
forming a coating film having high initial rain resistance is
particularly effectively used for an cutdoor object toc be coated
which may be exposed to rain before the applied coating £ilm cures

completely,

[0C30] In one embodiment, the epoxy resin 1s an epoxy resin
{al) having an epoxy equivalent of 400 to 1,500. When an agueous
epoxy~based polyamine resin (Al) cbtained by amine-mcdification
0% the epoxy resin (al) is used, it is possible to obtain an agueous
coating composition capable of forming a ceating film excellent
inwater-resistant adhesive property. The epoxy eguivalent of the
epoxy resin (al) is more preferably 600 to 1,400, particularly

preferably 800 to 1,300,

15
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[6031] In another embodiment, the epoxy resin is an epoxy resin
(a2) having an epoxy equivalent of 2,000 te 3,200. When an agqueous
epoxy-based polyamine resin {(A2) obtained by amine-modification
of the epoxy resin (a2) is used, it is possible to obtain an agueous
coating composition capable of forming a coating film excellent
in initial rain resistance. The epoxy eguivalent of the epoxy resin

{22) 1s more preferably 2,200 to 3,00C.

[0032) As the epoxy resin, two or more kinds of epoxy resins

may be used in combination.

[0033] As the epoxy resin, there may be used one subjected to
chain elongation through utilization of a reaction of an active
nydrogen-containing compound capable of reactingwith anepoxy group
with an epoxy group to increase the molecular weight of the resin
or tomodify the resin., Examples of the active hydrogen~containing
compound include e bifunctional compound such as adimer acid, diamine,

or polyether polyol.

[0034] As the epoxy resin, there may be used one having a fatty
acid added before the amine modificaticon. The addition allows a
soft component to be introduced into the resin and allows the number
of epoxy groups to be reduced, thereby reducing sites to be

amine-modified to lower a reactivity, for example.

16
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[Q035] The epoxy-based polyamine resin can be obtained through
modification of the epoxy resin by any appropriate modification
method. Examples of the modification method include: a method
involving adding a primary amino group-containing polyvamine to an
apoxy resin; and a method involving adding a ketiminated amino
group-containing compound to an epoxy resin. The epoxy-based
polyamine resin cbtained as described above has one or more primary
amino groups and/or secondary amino groups, and secondary hydroxyl
groups inamolecule. The epoxy-basedpolyamine resinmay be a resin
obtained by a reacticon of part of the primary amino groups, secondany
amino groups, and/or hydroxyl groups in the epoxy-based polyamine
resin with a compeund having a functional group such as an epoxy
group, anacidanhydridegroup, anacidhalogengroup, oranisocyanate
group. When a product obtalined by making an epoxy-based polvamine
resin agueous, The epoxy-hased polvamine resin being obktained by
areactionof a compoundhaving such functional group, is incorporated
as part of the aqueocus epoxy~based polyamine resin (A) to be used,

physical properties of the resultant coating film can be adjusted.

[003¢] The method involving adding the primary amino
group-containing polyamine to the spoxy resin is specifically a
method inveolving reacting a primary amino group in the primary aminoe
group-containing polyamine with an epoxy group in the epoxy resin
to form a secondary amino group, resulting in producing the

epoxy-based polyamine resin having the secondary amino group.

17
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[0037] Fxamples of the primary amince group-containing
polyamine include iethylenetriamine, dipropylenetriamine,
dibutvlenetriamine, and triethylenetetramine. They may be used

alone or in combinaticn.

10038)] The method involving adding 2 ketiminated amino
group-containing compound to the epoxyresinis specificaily amethod
invelving allowing the ketiminated amino group-containing compound
and the epoxy resin Lo react with each other and then hydrolyzing
aketimine group to forme primary aminc group, resulting inproducing
the epoxy-based polyamine resin having a primary amino group. It
should be noted that when the ketiminated amino-group containing
compound and the epoxy resin are allowed to react with each other,
a secondary amine such as diethanclamine, methylethanclamine, or

diethylamine may coexist.

[0039] The ketiminated amino group-containing compound can be
obtained by reacting a primary amino group-ceontaining compound with
a ketone. Examples of the primary amino group-containing compound
include: primary aminoe group-containing polyamines such as
diethylenetriamine, dipropylenetriamine, dibutylenetriamine, and
triethylenetetramine; aminoethylethanolamins;
methylaminopropylamine; ancethylaminoethylamine., Theymaybeused

aloneor incombination. Examples of the ketone includemethyl ethyl

18



NPP11067PCT

ketone, acetone, and methyl lsobutvyl ketone.

[0040] The epoxy-based polyamine resinmay further be modified
by allowing the resin to react with a compound having a functional
group reactive with an aminoc group, depending on desired coating
fiimphysical properties. Examplesof the functional groupresactive
with an amino group include an epoxy group, a {meth)acrylovyl group,

an isccyanate group, and an acid anhydride group.

—

04

ey
120

i The amount of the amino groups in the epoxy-based
polyamine resin may be any appropriate amount depending on desired
properties of the agqueous coating composition or desired coating
film physical properties. The amount of the amino groups is, as
an amine group equivalent, preferably 100 to 3,000, more preferably
500 to 2,000, particularly preferably 800 to 2,000, As long as the
amino group equivalent is in such range, the epoxy-based polyamine
resin isagueous, totherebyobtain the agueous epoxy~basedpolyamine
resin (A) . When the agqueous epoxy-based polyamine resin (A) is used,
a coating film excellent in low-temperature curability can be
obtained. When the amino group ecuivalent of the epoxy-based
polyamine resin is less than 100, water resistance of a coating
fiim to be obtained may reduce. Meanwhile, when the amino group
equivalent exceeds 3,000, the epoxy-based polyamine resin may not
be dispersed in water to cause phase separation, which makes it

impossible to convert the coating compoesition inte an agueocus

19
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composition., It should be noted that the expression "amine group
egquivalent” as used herein is represented by a molecular welght
of a resin solld content per primary amino group in the case where
the epoxy-based polyamine resin has the primary amino groups
{including the case where the epoxy-based polyamine resin has the
primary amino groups and secondary amine groups), or is represented
by a molecular weight of a resin sollid content per secondary amino
group in the case where the epoxy-basedpolyamine resinhasnoprimary
aminogroup. Theaminogroupeguivalentoftheepoxy-basedpolyamine

resin can be determined from the blending amounts of raw materials.

[0042] For example, the aqueous epoxy-based poliyamine resin
(Ah) may be obtained by converting the epoxy-based polyamine resin
{i.e., anepoxyresinobtainedbyamine-meodification) intoanagueous
resin by neutralization of the amince groups in the epoxy-based
polvamine resin with an acid. The kind of the acid and a
neutralizaticonratio (neutralizationraticwith respect to the amino
groups in the epoxy-based polyamine resin before conversion into
an agueous resin) may be any appropriate kind of acid and
neutralization ratio depending on a desired state of the agueous
epoxy-basedpolyamine resin (A) {water-soiuble towater-dispersibkble
form}. Exampiesoftheacidincludeaceticacid, formicacid, lactic
acid, and phosphoric acid. The neuvtralization ratic
(neutralization ratio with respect tc the amino groups in the

epoxy-basedpolyamine resinbefore conversion into an aquecus resin)
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is preferably 10% to 100%, more preferably 10% to 70%, particularly
preferably 15% to 50%. When the neutralization ratio is less than
10%, theresinmaynot bedispersedinwater to cause phase separation,
which makes it impossible to convert the coating composition into
an aqueouscne. Meanwhile, whentheneutralizationratiocisadijusted
to 70% or less, a water-dispersible agqueous epoxy-hased polyamine

resin (A) can be obtained.

[0G43] The molecular weight (number average) of the agueocus
epoxy-based polyamine resin (A) may ke any appropriate molecular
welght depending on desired propertles of the aguecus coating
composition or desired coating f£ilm physical properties. The
molecular weight is preferably 500 to 20,000, nore preferably 1, G00
to 16,000 in terms of standard polystyrene measured by gel permeation
chromatography (GPC). Aslongasthemelecularwelght of the aguecus
epoxy=-based polyamine resin (&) is in such range, the agueous
epoxy-based polyamine resin (A) can react efficiently with the
compound(B)becausetheresincanbenﬂxedeaéilywiththecompound.
Inaddition, aslongasthemclecularweight of the aquecusepoxy-~basad
polyamine resin (A) 1s in such range, a coating film excellent in
correslion resistance, water resistance, and adhesive property can

be cbtained.

[0c44) The agueous ceoating composition may include two or more

kinds of the agueous epoxy-based polyamine resins (A).
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[0045] The agueous ccaiing composition preferably includes,
as the agueous epoxy-based polyamine resins (&), the aguscus
epoxry-based polyamine resin (Al) obtained by amine-medification
of the epoxry resin (al) having an epoxy eguivalent of 400 to 1,500
and the agquecus epoxy-based poelyamine resin (AZ) obtained by
amine-medificationof theepoxyresin (a2} having anepexyequivalent
of 2,000 to 3,200, A mass ratio of the epcoxy resin {al) having an
epoxy equivalent of 400 to 1,500 and the epoxy resin (a22) having
an epoxy eguivalent of 2,000 to 3,200 {(al/a2) is preferably 8/2
to 2/8, more preferably 7/3 to 3/7. As long as the ratio is in such
range, it ispossibletooktainanagqueous coating compositioncapakble
of forming a ceoating film excellent in initial rain resistance and

water-resistant adhesive property.

[CO46] The properties of the agueous ccating compesition and
coating filmphysical properties can be controlled by the molecular
weight of the aguecus epory-based peclyamine resin (A) and the amount

of the aminc groups therein.

(c047] A-3. Compcund (B}

The compound (B) used in the agueous coating composition has

one or more (methlacryvlovl groups in a molecule.

(0648} The molecular weight of the compound {B) is preferably
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150 cr more and 2,000 or less, more preferably 200 or more and 1, 700
or less, particularly preferably 250 or more and 1,300 or less.
As long as the molecular weight of the compound (B} is i such range,
the aqueous epoxy-based polyamine resin (A) and the compound (B)
can be easilymixed without using a special mixing device, to thereby
obtain an agusous coating composition excellent in dispersibility.
As a result, the aguecus epoxy-based polyamine resin (A} and the
compound (B} can react witheachotherefficiently, to thereby obtain
an aguecus ccating composition excellent in curability. It should
be noted that the molecular weight of the compound (B} can be

calculated from its chemical formula,

00491 The number of the (meth)acrylovl groups in the compound
(B} is L crmore, preferably 2 to 4. The number of the (meth)acryloyl
groups in the compcund (B) may be determined depending on desired

coating film physical properties.

(00507 The viscosity of the compound (B) at 25°C is preferably
3,000 mPa-s or less, more preferzbly 50 to 3,000 mPa-s, particularly
preferably 50 to 2,200 mPars, most preferably 50 to 1,100 mPa-s.
Ags long as the viscesity of the compound (B) is in such range, the
aguecus epoxy-based polvamine resin (A} and the compound (B) can
be easily mixed without using & speclal mixing device, to thereby
ckhtain an aqueous coating composition excellent in dispersibility.

Rs a result, the agueous epoxy-~based polyamine resin (A) and the
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compound (B) can react witheach otherefficiently, tothereby obtain

an agqueous coating composition excellent in curability.

(60511 Examples of the compound {B) include: polymerizable
unsaturated monocarboxylic acid ester compounds of polyvhydric
alcohols such as ethylene glycol diacrylate, ethylene glvyeeol
dimethacrylate, triethylene glycol diacrylate, triethylene glycol
dimethacrylate, tetraethylene glycol diacrylate, tetraethylens
glycol dimethacryliate, 1,3-butvylene glycol diacrylate,
1, 3-butylene glycol dimethacrylate, trimethylolinropane
triacrylate, trimethylclpropane trimethacrylate, 1,4-butanediol
diacrylate, 1,4-butanedicel dimethacrylate, nesopentyl glycol
diacrylate, neopentyl glycol dimethacryvlate, 1,6-hexanedicl
diacrylate, 1, 6~hexanedicl dimethacrylate, pentaerythritol
diacrylate, pentaerythritcocl dimethacryiate, pentaerythritol
triacryilate, pentaerythritol trimethacrylate, pentaervthritol

tetraacrylate, pentaervthritol tetramethacrylate, glycercl

diacrylate, glycerol dimethacrylate, glycerol aCroxy
dimethacrylate, 1,1, l-trishydroxymethylethane diacrylate,
1,%1,1-trishydroxymethylethane dimethacrylate,
1,1,1-trishydroxymethylethans triacrylate,
1,1,1-trishydroxymethylethane Trimethacrylate,
i,1,1l-trishydroxymethylpropane diacrylate, and

1,1,1-trishydroxymethylpropane dimethacrylate; adducts betwsen

epoxy croup-containing, ethyvlenically unsaturated monomers and
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carboxyl group~containing, ethylenicallyunsaturatedmonomers such
as a reaction product bhetween glycidyl acrylate or glycidyl
methacrylate and acrylic acid, methacrylic acid, crotonic acld,
cr malelc acid; and pelymerizable unsaturated monocarboxylic acid
amide compounds ¢f polyamines such as ethylenediamine diacrylate.

Theose compounds may be used alone or in combination.

[GO52] As described above, the compound (B 1s preferably
capable of being easily mixed with {capable of reacting with) the
aqueous epoxy-based polyvamine resin (A). It ismore preferred that
the agueous epcxy-based polyvamine resin (A) and the compound (B)
be used iIn an inhomeogenecus state in such a range that the resin
and compound can be easily mixed {can react with each other}. It
is particularly preferred that the compound (B) and the aguecus
epoxy-based poiyamine resin (A} be used in different phase states.
In such states, a rapid reaction progress of the agueous epoxy-based
polyamine resin (A) and the compeound (B) can be inhibited to
appropriately adjust the reactivity. More specifically, when the
agueous epoxy-~based polyamine resin (A) and the compound (B} are
in an inhomogenecus state, the agusocus coating compoesition before
application has good stability and application property because
both the components are hardly brought into contact with each other,
resulting in inhibiting the reaction at ordinary temperature. On
the other hand, after application, a dispersicn medium (such as

water) vclatizes to make it easy to bring the agqueocus epoxy-basead
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pclyamine resin (A) into contact with the compound (B), and the
curing reaction proceeds even at low Lemperature, to thereby form
acoating film. Examples therecf include: a case wheres the compound
(B) is awater-soluble compound and the agueocus epoxy-~basedpolyamine
resin {A) is awater-dispersibkle rezin; and a case where the compound

(B} i1s self-emulsifving or is water-—-inscluble.

[0053] As a method of providing the inhomogeneous state, any
appropriate method may be employed depending on the dissolution
property of the compound (B} in water. For example, 1in the case
where the compound (B) is water-soluble, the compound (B} may be
usedwithoutanymodification. Inthiscase, theaguecusepoxy-based
polyamine resin (A) is preferably a water-dispersible resin. On
theotherhand, inthecasewherethe compound (B) izzelf-emulsifying,
the compound (B) may be used without any mcdification or may be
emulsified or dispersed in water with an emulsifier, a dispersant,
or an agueous resin before use. In the case where the compound (B)
is water-inscluble, the compound (B) may be emulsifiied or dispersed
inwaterwithanemulsifier, a dispersant, or an aguecus resin before
use. In such cases, the form of the aqueous epoxy-based polvamine
resin (A) may be water-soluble or water-dispersible, and is
preferably water-dispersible. It should be noted that a
determination of whether the compound (B} 1s "water-inscluble,”
"water-soluble,” or "self-emulsifyving” can be made by: adding &

g of the compound (B} to 100 g of water at room temperature; stirring
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the mixture {e.g., for 3 minutes); allowing the mixture toc stand
still {e.g., for 5minutes); and then observing its state visually.
After allowing the mixture to stand still, if the mixture contains
a precipitate, the compound is Jjudged to be "water-insoluble, ™ if
the mixture contains no precipitate and is clear, the compound is
judged to be "water-scluble,”™ and if the mixture contains no
precipitate and is turbid, the compound i1s Judged to be

"self-emulsifying.”

(00541 The compound (B} may be converted into a water—-soluble
or gelf-emulsifving compound, forexample, bymodifying the compound
with polyethylene oxide and increasing the ethylens oxide addition

mole number to enhance its hydrophilicity.

[0055] Examples of the compound {B) that i1s water-scluble
include ethoxylated bisphencl Adiacrylate (EC 30mol), ethoxylated
trimethylolpropane triacrylate (B0 20 mol), ethoxvylated
trimethylolpropane triacrylate {EO0 30 moly, ethoxylated
pentaerythritol tetraacrylate (EQO 35 mol), ethoxylated glycerin
triacrylate (EQ 20mol), and ethoxylated bisphenol Adimethacrylate
(EO 30 mol). They may be used alone or in combination. It shoulid
be noted that, for example, the expression "EQ 30 mel" as used herein

means that 30 ethylene cxide groups are contained in a molecule.

[0056] Examples of the compound (B) that is self-emulsifying
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includepclyethyleneglycel #4000 diacrylate (B0 9mel) , polyethylens
glycol #6040 diacrvylate (EQ 14 mol), polyethylene glycol #1000
diacrylate (E0 232 mcl), ethoxylated bisphenol A diacrylate {(EC 10
mcl), ethoxylated blsphencl A discrylate {EO 20 mol), ethoxvylated
glycerin triacrylate (EQ 2 mel), and pelyethylene glyccl #1000

dimethacrylate (EC23mol). Theymaybeusedaloneor incombination.

00577 Examples of the compound (B) that is water-insoluble
include polyethylene glycol #200 glycol diacrylate (EDO 4 mol),
ethoxylatedbisphenocl Adiacrylate (EO3mol), ethoxvlatedbisphenol
A diacrylate (EO 4 mcl), propoxylated bisphenocl A diacrylate (PO
3 mcl}, 1,10-decanedicl diacrylate, tricyclodecanedimethancl
diacrylate, ethoxylated Z-methyl-1,3-propanediol diacrylate (EO
2 mol), neopentyl glycol diacrylate, 1,6-hexanedicl diacrvlate,
1, 9-nonanedicl diacrylate, dipropyvleneglycoldiacryiate (PO2mol),
tripropylene glvcol diacrylate (PO 3 mol), polypropylene glycol
$400 diacrylate (FC 7 mol), polypropylene glycol #700 diacrylate
(PO 12 mol), ethoxylated trimethylcolpropane triacrylate (EO 3 mol},
ethoxylated trimethylolpropane triacrylate (EO 9 mol),
trimethylolpropane triacrylate, propoxylated trimethylolpropane
triacrylate (PO 3 mol), pentaerythritol triacrylate, ethoxylated
pentaerythritel tetraacrylate (E0 4 mol), ditrimethylolpropane
tetraacrylate, propoxylated pentaerythritol tetraacrylate (PO 4
mol), propoxylatedbisphencl Adiacrylate (PO4dmol), ethyleneglycol

dimethacrylate (B0 I mel), diethylene glycol dimethacrylate (EO
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2mol), triethylene glycol dimethacrylate {EC 3mol}, tetraethylene
glycol dimethacrylate (EO 4 mol), polyethylene glycol #400
dimethacrylate (EC 9mel), polyethylene glycol $#600 dimethacrylate
(EC X4 moly, 1,3-butanedicl dimethacrylate, 1,4-butanediol
dimethacrylate, 1,6-hexanediol dimethacrylate, 1,%-nonanediol
dimethacrylate, ethoxviatedbisphencl Adimethacrylate (EOZ.6mol},
ethoxylated bisphenol A dimethacrylate (EO0 4 mol), ethoxylated
bisphencl A dimethacrylate (BEO 6 mel), ethoxylated bisphenol A
dimethacrylate (EQ 10 mol), ethoxylated bisphenol A dimethacrylate
(EO 17 mol), neopentyl glyecol dimethacrylate, ethoxylated
polyprepylene glycol #700 dimethacryliate (PO 12 mol, EO 6 mol),
glycerin dimethacrylate, tripropylene glycol dimethacrylate (PO
3 mol), polypropylene glycol #400 dimethacrylate (PO 7 mol},
trimethylolpropans trimethacrylate, and ethoxylated
trimethylolpropane trimethacrylate {EO0 9 mel). They may be used

alone or in combination.

[0058] The compound (B} may be used as a mixture of two or more
kinds of the compounds (B}. Through such use of the compounds (B)
having different properties in combination, physical properties
of the agusous coating composition and a coating film to be obtained
can be controlled. For example, the curability can be controlled
by mixing a compound (B) having two (meth)acryloyl groups and a
compound (B} having three (methjacryloyl groups. Further, when a

mixture of a water-soluble compound (B) and a water-insoluble
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compound (B} isused, the water-insoliuble compound (B} can be easily
introduced intoe a reaction system by the water-soluble compound
{B), andhenceacoatingiilimexcellent in low-temperature curability
can be cktained. Examples of the water-insoluble compound (B)
include a compound which i1s not completely soluble in water, such
as propoxylated bisphencl A diacrylate (PO £ mol). A.miximg ratic
of the water-scluble compound (B) and the water-inscluble compound
(B} (water-zoluble/water-insoluble) is preferably 1/9 to 8/1, more

preferably 2/8 to 8/2.

[0059] A-4. Method forcoatingwith agueous coating composition

Any appropriate substrate may be coated with the agueocus
coating composition. Examplesof the substrate includemnetal, wood,
plastics, rubber, stone, slate, concrete, mortar, fiber, paper,
glass, ceramics, porcelain, a £ilm, and complexes thereof. Further,
for example, when the substirate is an inorganic substrats such as
slate or concrete, a sealer may be applied onto a surface of the
substrate inadvance. Theagqueous coatingcompesitionispreferably
applied tometal inconsideration of its characteristics. Examples
of themetal include iron, copper, tin, zinc, aluminum, and stainless

steel.

[(0G60] Examples of an object to be coated having metal on its
surfaces (outerandinner surfaces) inciudearchitectural structures,

shipg, vehicles (e.g., rallway vehicles, large vehicles), aircraft,
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bridges, marine structures, plants, tanks (e.qg., petroleum'tanks)ﬂ
pipes, steel tubes, and cast iron tubes. The method of forming a
coating film according to the present inventicon is applicable to
architectural structures and civil engineering structures as well

as the foregoing.

[006e1] As the coatingmethod, there is typilcally given a method
involving applying the agueous coating compositicn onto an obliect
to be coated, followed by drying. As an application method, any
appropriate method may be adopted depending on the kind of the obiect
o be coated (substrate) and the like. Examples thereof include
application by means of a brush, a roller, an air spray, an airless

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

[0062] The application amount of the agueocus coating
composition may be set to any appropriate application amount
depending on intended use. The application amount is preferably

10 to 350 g/m?.

[0G63] As the drying method, any appropriate method may be
adopted. Alr dryving or heat drying is preferred. 1In the case of
the air drying, a drying time is preferably 2 hours or more, more
preferably 24 hours cr more, particularly preferably 1 week or more.
Aecording to the method of forming a coating £ilm according to the

present Iinvention, it is possible To form a ceating film excellent
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in corrosion resistance even when the dryving is performed at low

temperature {(for example, 5°C or less).

[C064] The ceating film to be formed through coating with the
agqueous coating compositicon has a thickness of preferably 20 to
150 ym, more preferabkly 30 to 120 um in terms of thickness of a
dried ccating film. When the thickness of the dried coating film
is more than 150 um, a problem such as tThe cccurrence of dripping

may occur at the time of the formation of the coating film.

[0065] The coating film to be cobitained by using the agueous
ceating composition has excellent corrosion resistance, and the
use of ocnly the coating film is sufficient for a part not reqguiring

weatherabillty, such as an inner surface of a bridge girder.

[00e6] B. Methed of forming multilayer coating film

An additional ceoating film maey be formed before and/or after
the formation of a coating film through coating with the aguecus
coating composition. In an embodiment, after coating with the
aguecus coating compesition has been performed to form a coating
film, the ccating film is coated with a top coating material to
form a top coating laver. The formation of the top coating layer
additionally improves ocuter appearance, corrosion resistance, and

water~resistant adhesive property.
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[00e7)] Any appropriate coating material may be adopted as the
top coating material. Examples thereof incliude an
epoxy/amine-based coatingmaterial, a two-component urethane curing
type coating material, a one-component urethane curing type ccating
material, a carbodiimide curing type coating material, an acrylic
resin~basedcoatingmaterial, analkydresin-basedcoatingmaterial,
andasiliconresin—basedcoatingmaterial. The topcoatingmaterial
may be & solvent type or an aqueous one, and i1s preferably an aguecus
one because an envirenmental load may be reduced. The top coating
material ismore preferably anagueous two-component urethane curing
type ccating material, an aquecus one-component urethane curing
type cecating material, an agueous silicon resin-based coating
material, or an aqueous carbodiimide curing type coating material.
Whenthetopceatingmaterial isanyofsuchaquecuscoatingmaterials,
the resultant coating film has excellent wesatherability and can

achieve protection of good appearance for a long periocd ¢f time.

{00687 The top coating layer is typilcally formed by applying
the topcoatingmaterial anddrying (thermally treating) thematerial.
As an application method, any appropriate method may be adopted
depending on the kind of the top ceating material 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.

[0062] The application amcunt of the top coating material may
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be set to any appropriate application amount depending on the kind
of the ccating material, purpcses of coating, and the like. The

application amount is preferably 30 to 400 g/m?.

[(0G70] A method of dryving {(heating) the top coating materisl
may pe any appropriate drying (heating) method depending on the
kind of the top coating material and the like. Examples thereof

include air drying, forced drying, and baking.

00711 The thickness cf the teop coating laver may be set to
any appropriate thickness depending on the kind of the coating
material and purpcses of coating. The thickness is preferably 10

to 150 pm.

(00721 Before the formation of a coating filmwith the agueocus
coating compositicn, the surface of the substrate may be coated
with an undercoating material to form an undercoating layer. The
formation of the underceating layer provides additionalliy excellent
corrosion resistance and water~resistant adhesive property, which
are well applicable to a case reguiring high corrosion resistancs,
such as a bridge, a plant, or a tank.

[0073] Any appropriate coating material may be adopted as the
undercoating material. Examples thereof include an organic or

inorganic zinc-rich coating material. When such coating material
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containing zinc powder i1s used, an undercoating layer which has
extremely high corrosicn resistance can be formed. In addition,
the coating material has good workability and can form a uniform
undercoating layer. The undercoatingmaterial maybe a solvent typs
cr an agueous one, and is preferably an agueous one because an

environmental load may be reduced.

[0C74] As amethod of forming the undercoating layer, the same
method as in the case of the upper coating layer may be adopted.
The application amcunt of the underccating material mayv be set to
any appropriate application amcunt depending on the kind of the
coatingmaterial, purposesofcoating, andthelike. Theapplication
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 ccating material, purposes of ceoating, and the

like. The thickness is preferably 20 to 200 um.

[0075) Rfter the formation of a coating film through coating
with the agueous coating compesition, the cecating filmmay be coated
withanintermediatecoatingmaterial to forman intermediate coating
laver. The formation of the intermediate coating layer may provide
g coating film additicnally excellent in corrosion resistance and
water-resistant adhesive property. The tcp coating layer is

preferably formed on ths intermediate coating layer.
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(007¢6] Any appropriate coating material may be adopted as the
intermediate coating material. Examples therecf include an
epoxy/amine-basedcoatingmaterial, atwo-component urethane curing
type coating material, and a one-component urethane curing type
coatingmaterial. Theintermediatecoatingmaterialmaybeasolvent
type or an aqueous cne, and is preferably an agueous one because
an environmental load may be reduced. The intermediate coating
material is more preferably an agueous epoxy/amine-based coating
material or an aguesocus two-component urethane curing type coating
material. Such agueous coating material can form a multilayer
coating film which has good adhesiveness to the top coating layer

and is strong.

[0077] As a method of forming the intermediate coating layer,
the same method as in the case of the upper coating layer may be
adopted. The application amount of the intermediate coating
material may be set to any appropriate application amount depending
on the kind of the coating material, purpocses of ccating, 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 coating material,
purposes of coating, and the like. The thickness is preferably 10

to 100 um.

[0078] The top ceoating material, the intermediate coating
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material, and the undercoating material may each contain a pigment,
an additive, and the 1ike. Examples of the pigment and the additive
include the pigments and additives described in the above-mentioned
secticonA~1l. Thenumbker, kinds, andamountscfplgmentsandadditives

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

Examples

[0079] Hereinafter, the present invention is described in more
detail by way of examples. However, fhe present invention is not
limited te the examples. It should be noted that, unless otherwise
specified, "part{s)" and "%" in the examples are on a mass basis.
Further, evaluations in the examples were carried out f£or the

following items.

[0080] {(Corrosion resistance)

The resultant coating filmwas subjected toa cyclic corrosion
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.

Ratioc of arxea of rust generated on the coating film to the
area of the resultant coating film

A: Less than 0.053%

B: 0.05% or meore and less than 0.1%

ae

{Initiazl rain resistance)

Acoating filmwas immersed together with a substrate in water
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at 5°C, lifted up after a lapse of 24 hours, and allowed to stand
st1ll at 5°C for 24 hours, and the outer appearance of the coating
filmwas then visually observed and evaluated based on the following
criteria.

AE: No abnormallty in outer appearance observed

Z: Slight changes in burnish and color cbhserved but no mark
of crack or swelling observed

C: Mark of crack or swelling chsexrved

(Water-resistant adhesive property)

A coating film was immersed together with an object coated
therewith in water at 20°C and lifted up after a lapse of 7 days,
and then in accordance with a cross~cut method of JIS K 5600~5.6
(2008Y, 5x5 sguares each measuring 3 mmx3 mm were formed on the
coating film. 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.

10 points: No peeled square and no peeling along the cut part
observed (peeling area: 0%)

B8 points: No peeling of the squares but slight peeling along
the cut part cbserved (peeling area: more than 0% and less than

5

@

)
6 polnts ¢r less: Some peeled squares or significant peeling

aleng the cut part cbserved (peeling area: 5% or more)
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[00B1] {Production of agueous coating composition)

(Production Example 1) Production of aguecus epoxny-based
polyamine resin (A)T

702 partes of 2 raw material resin having an epoxy equivalent
of 188 g/equivalent, which was synthesized from bisphenol A and
epichlorchydrin, 269 parts of bisphenol 2, 108 parts of & dimer
acid, and 190 parts of methyl isobutyl ketone (hereinafter, referred
toas "MIBK") were fed to a reactor equippad with a stirrer, a cooler,
a nitrogen injection tube, and a thermometer, and the mixture was
allowed to react at 117°C in the presence of 1 part of
benzyldimethylamine until the epoxy equivalent reached 1,078
g/eguivalent, to thereby obtain an epoxy resin. After that, 255
parts of a ketimine compound of aminosthylethanoclamine (73 mass$
MIBK solution) were added thereto, and the mixture was allowed to
react at 117°C for 1 hour. Subsequently, the mixture was diluted
with MIBK until a nonvelatile content of 75% was achieved, to Thereby
obtain an epoxy-based polyanine resin having an amino group

egqulivalent of 1,184,

Becetic acid was added thereto so that a neutralization ratic
{neutralization ratio of the resin based on aminoe groups) of 35.C%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBK and water was removed under reduced
pressure until a solid content of 40 mass% was achieved, to thereby

prepare a milky white aqgueous (water-dispersible) epoxy-based
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polyamine resin (A)I.

[(0082] {Praoduction Example 2) Production of agueocus
epoxy-based polyamine resin (A} Il

742 parts of the rawmaterial resin having an epoxy equivalent
of 188 g/equivalent, which was synthesized from bisphencl A and
eplchlorohydrin, 336 parts of bisphenol A, and 190 parts of MIBK
were fed To a reactor equipped with a stirrer, a cooler, a nitrogen
injection tube, and a thermometer, and the mixture was allowed to
react at 117°C in the presence of 1 part of benzyldimethylamine
until the epoxy equivalent reached 1,079 g/eguivalent, to thereby
obtaln an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (732 mass% MIBK solution) were added thereto,
andthemixturewasallowedtoreactat117°Cfor 1l hour. Subsegquently,
27 parts of icn-exchange water and 188 parts cf glycidyl necdecanocate
(manufactured by Hexicn Specialty Chemicals, Inc., trade name
"Cardura Bi0-P") were fed thereto, and the mixture was allowed to
react at 100°C for 2 hours. After that, the mixture was diluted
with MIBK until a nonvolatile content of 75% was achieved, to thereby
obtain an epoxy-bassed polyamine resin having an amino group

egquivalent of 1,083,

Acetic acid was added thereto s0 that a neutralization ratic
(neutralization ratio of the resin based on amino groups) of 35.0%

was achieved, and the mixture was diluted with ion-exchange water.
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After that, a2 mixture of MIBK and water was removed under reduced
pressure until a solid content of 40 mass® was achieved, to thereby
prepare a milky white agueous (water-dispersible) epoxy-based

polyamine resin (A)II.

[0083] {Production Example 3) Production of agueous
epoxy-based polyamine resin (A)IIX

525 parts of the rawmaterial resin having an epoxy eguivalent
cf 188 g/equivalent, which was synthesized from bisphenocl A and
epichlerohydrin, 205 parts of bisphenol A, and 110 parts of MIBK
were fed to a reactor egquipped with a2 stirrer, a coclsar, a nitrogen
injection tube, and a thermometer, and the mixture was allowed to
react at 117°C in the presence of 1 part of benzyldimethylamine
until the epoxy equivalent reached 730 g/equivalent, to thereby
cktain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass$% MIBK sclution) were added thereto,
andthemixturewasallowedtoreactat 117°Cfor lhour. Subseguently,
27 parts of ion~-exchange water and 188 parts of glycidyl necdecancate
(manufactured by Hexicn Specialty Chemicals, Inc., trade nane
"Cardura E10-P") were fed thereto, and the mixture was allowed to
react at 100°C for 2 hours. After that, the mizture was diluted
Wwith MIBX until a nonvolatile content of 75% was achleved, o thereby
obtain an epoxy-based polyvamine resin having an amino group

eguivalent of 810.
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Acetic acid was added thereto so that a neutralization ratio
{neutralization ratio of the resin based con amino groups) of 20.0%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBK and water was removed under reduced
pressure until a sclid content c¢f 4C mass% was achieved, to thereby
prepare a milky white aqueous (water-dispersible) epoxy-based

polvyamine resin (A)III.

(00847 (Production Example 4) Production of agueous
epoxy-based polyamine resin (A)IV

1,9%940partscftherawmaterial resinhavinganepoxyegquivalent
of 188 g/eguivalent, which was synthesized from bisphencl A and
epichlorchydrin, 1,060 parts of bisphencl A, and 550 parts of MIBK
were fed to a reactor eguipped with a stirrer, a cooler, a nitrogen
injection tuke, and a2 thermometer, and the mixture was allowed to
react at 117°C in the presence of 8 parts of benzyldimethylamine
until the epoxry equivalent reached 3,000 g/equivalent, to thereby
obtain an epoxry resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK solution) were added thereto,
and themixturewasallowedtoreactat1]1l7°Cforlhour. Subseguently,
1,060 parts of dipropvlene glycol moncbutyl ether (hereinafter,
referred to as "DPnRBE") were fad thereto, and the mixture was allowed
to react at 100°C for 2 hours. After that, the mixture was dilutsd
with MIBK until a nonvelatile content of 75% was achieved, t¢o thereby

obtain an epoxy-based pelyamine resin having an amino group
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~

eguivalent of 1,550.

Acetic acid was added thereto s¢ that a neutralization ratio
(neutralization ratic ¢f the resin hased on aminoe groups) of 40.0%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBK and water was removed under reduced
pressure until a sclid content of 40 mass® was achieved, to thereby
prepare a milky white agueocus (water-dispersible] epoxy-based

wolyamine resin (A)IV.

[0O85] (Production Examples 5 to 7) Production of agueous
epoxvy=-hased polyamine resins (A})V to VII

Aguecus epoxy-basedpolyanine resins (A)VtoVII were prepared
in the same manner as in Production Example 2 except that the

neutralization ratic was changed as shown in Table 1 below.

[0086) {Production Example ) Production of agueous
epoxy-based polyamine resin (A)VIII

1,440partsof therawmaterial resinhavinganepoxyeguivalent
of 188 g/equivalent, which was synthesized from bisphenol A and
epichlorohydrin, 760 parts of hisphenol A, and 388 parts of MIBK
were fed to a reactor equipped with a stirrer, a cocler, a nitrogen
intection tube, and a thermcmeter, and the mixture was allowed to
react at 117°C in the presence of 3 parts of benzyldimethylamine

until the epoxy eguivalent reached 2,200 g/eguivalent, to thereby
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obtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK sclution] were added thereto,
and the mixture was allowed to react at 117°C for 1 hour. After
having been allowed to react at 100°C for an additional 2 hours,
the mixture was diluted with MIBK until a nonvolatile content of
75% was achieved, to thereby obtain an epoxy-based polyamine resin

having an amino group eguivalent cof 1,150.

Acetic acid was added thereto so that 2 neutralization ratio
(neutralization ratio of the resin based cn amino groups) of 40.0%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIEBX and water was removed under reduced
pressure until a seolid content of 40 mass% was achieved, to thereby
prepare a milky white aquecus (water-dispersible) epoxy-based

polyamine resin [(A}VIII.

£
=9



¥

NPP11067PCT

{00871 [Table 1]
- Froduction Producticn Production Production Production Production Production Production
Example Exampls Example Exampla Example Exanmple Example Example
1 2 3 4 5 6 7 8
Aqueous epo{{y‘vbaSEd polyamine 1 il 171 ™ v vi - VILT
___resin (8) Mo,
__Blending amount (parb(s))
Amount of raw material 702 742 525 1,940 742 742 742 1,440
q | resin e N
;?j disphenol A 269 336 205 1,080 336 336 336 780
7 L | Dimer acid . 108 - - - - - _ _
o . —
§ 15 me 130 130 110 550 190 130 190 388
5] -
@ & Bopzyldimethylamine 1 1 1 ] 1 1 1 3
F: S B Tt Sl athifohit. /ot ST RSRURSISSIOEE EUSSSONEI S — S
S R i -
:;’ Ketimine compound of
a. aminoethylethanolamin 255 - - - - - - -
" Kotlmine compound of - 350 350 350 350 350 350 350
s diethylenetriamine ] "
IS
" —— - e ——
g Ton~exchange waler - 27 27 - 21 27 27 -
= Glycidy}?n?{a‘éodecatiaate - 188 - 188 - 1818 u—;ga 188 -

DPnB - - - 1,060 - - i o - i
Meutralization ratio (%) 35 35 29 44 109 65 20 40
Solid content {(mass%) 40 40 490 40 a0 19 40 40
Epexy equivalent of spoxy resin 1,07% 1,079 T30 3,000 1,079 1,079 1,079 2,200
Amine group equivalent of
agueous epoxy-based polyamine 1,184 1,093 810 1,550 1,083 1,093 1,083 1,150
resin
Stale Water-dispe | Water-dispe | Water-dispe | Water-dispe | Water-sclub | Water-dispe | Water-dispe | Water-dispe

__rsible rsible rsible rsible le raible rsible raibie
Quter appearance Milky white | Milky white | Milky white | Milky white Clear Milky whife | Milky white | Milky whike
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{00887 (Production Example 92) Production of epoxy-based
nolyamine resin

An epoxry-bhased polyamine resinwas prepared in the same mannex
as in Producticn Example 2 except that the neutralization ratioc
was changedto 3%. Theepoxy-basedpolyamine resinwasnot converted

into an aguecus resin and cgaused phase separation in water.

[coeg] {(Production Example 10} Production of epoxy-based
peclyamine resin

2,560 partsof the rawmaterial resinhavinganepoxyequivalent
of 188 g/equivalent, which was synthesized from bisphencl A and
epichlorohydrin, 1,439 parts of bisphenol A, and 706 parts of MIBK
were fed to a reactor eguipped with a stirrer, a cocler, a nitrogen
injection tube, and & thermometer, and the mixture was zllowad to
react at 117°C in the presence of 5 parts of benzyldimethylamine
until the epoxy equivalent reached 4,000 g/equivalent, to thereby
obtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine {73 mass% MIBK soluticon) were added thereto,
and the mixture was allowed to react at 117°C for 1 hour. After
having been allecwed to react at 100°C for an additional 2 hours,
the mixture was diluted with MIBK until a nonvolatile content of
75% was achleved, to therseby obtain an epoxy-based polyamine resin

having an aminc group eguivalent of Z,050.

Acetic acid was added thereto so that a neutralization ratioc
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(neutralization ratio of the resin based on amino groups; of 40.0%
was achieved, and the mixture was diluted with lon-exchange water.
After that, a mixture of MIBK and water was removed under reduced
pressure until a solid content of 40 mass% was achileved, to thereby
prepare an epoxy-based polyamine resin. The epoxy-based polyamine
resin was not converted into an agueous resin and caused phase

separation in water.

(00907 (Production Example 11) Production of base resin liguid
for coating material I

110 parts of water, 32 parts of a pigment dispersant
(manufactured by BYK~Chemie, trade name "Disperbyk-190"), 4 parts
of a defoamer (manufactured by BYK~-Chemie, trade name "BYK-019"},
179 parts of calcium carbonate (manufactured by MARUO CALCIUM CO.,
LTD, crade name " N Ground Calcium Carbonate "), 172 parts of titanium
oxide (manufactured by Du Pont, trade name "TI-PUR R706"}, and 25
parts of a calcium~based anti-rust pigment (manufactured by Toho
Ganryo Kogyo Co., Ltd., trade name "EXPERT NPL10O07"} were mixed,
and the mixture was stirred with a disper for 30 minutes, to thereby
produce a pigment-dispersed paste. 400 parts oi the agueous
epoxy-based polyamine resin {(A)I obtained in Production Example
1, 24 parts of DPnB, and 1 part of an asscciated thickener
(manufactured by ADEKA CORPORATION, trade name "Adecanol UH-420"
were added to 500 parts of the pigment paste, and the resultant

wasmixed, totherebyobtainabaseresinliguidforacoatingmaterial



[00%91]

liguids for coating material II to VIII
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(Production Exampies 12 to 18) Production of base resin

Baseresinliquidsforaceoatingmaterial IItoVIiIwereobtained

in the same manner as in Production Example 11 sxcept that agueous

epoxy-based polyamine resins (A) shown in Table 2 were used instead

of the aqueous epoxy-based polyamine resin

[0022]

iTable 2}

(AYI.

Base resin
liguid for

Aguecus epoxy-based pcelyamine resin (A)

Epoxy

Amino group

coating equivalent of | eguivalent of
material epoxy resin aguecus
epoxy-based
polyamine
resin
Production 1 {Production -
ot I | o 1,078 1,184
Example 11 Example 1}
Production . IT {Production
Feaon 31 _(Froducts 1,079 1,093
Example 12 Lxample 2}
Eroduction III {Pred ion
- N 1T (Frocuctio 730 810
Example 13 Examplie 3)
Production IV {Production S
Produ v {Prod 2,000 1,550
Exzmple 14 Example 4}
Froduction . Vv {Production
- g v R 1,079 1,093
Example 15 Example 3)
Production VI (Production -
S VI ; 1,079 1,093
Example 16 Example &)
Production . Vil (Production .
o . Vit 5 1,079 1,093
Example 17 Exampie 7)
Production VIIT (Production S
] YITT TIT (Production 2.200 1,150

Example 18

Example 8)

[0093]

{(Production Example 19)

Production of curing agent I

{0 partsoiwater, 10 partsof DPnB, and S50 partsof polyethylene

glycol #400 dimethacrylate (EO 9 mol)

molecular weilght:

508,

number of functicnal groups:

48

{viscosity (25°C): 58 mPa-s,

2, acryloyl
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group eguivalent: 254) as the compound (B) weremixed, and themixture
was stirred using a homogsnizer for 10 minutes to give & curing

agent I.

[00941 (Producticn Examples 20 to 28) Production of curing
agents II to X

Curing agents 11 to X containing compounds (B) were prepared
according to the method of Production Example 19 using the compounds
(B} shown in Table 3 at blending ratics shown in Table 3 by mixing
mathods shown in Table 3. It should ke noted that a nonionic
emulsifier (manufactured by Nippon Nyukarzai Co., Ltd., trade name
"Newcol 740") was used 25 an emulsifier in each of the curing agents
11, V, VIII, and IX. Table 3 shows the viscosity at 25°C, molecular
weight, number of functional groups, acryloyl group eguivalent,
and property (self~emulsifying, water-inscluble, or water-soluble)
of the compound (B} used in each cf Production Examples. The
properties of the compound (B) were evaluated as follows. AL room
temperature, 5 g of the compound (B} were added to 100 g of water,
and the mixture was stirred for 3minutes and allowed to stand still,
followed by visual observation. If the mixzture contained a
precipitate, the compound was evaluated to be "water-insoluble,”
if the mixture contained no precipitate and was clear, the compound
was evaluated to be "water-soluble,” and if the mixture contained

no precipitate and was turbid, the compound was evaluated to be

"self-emulsifying.”
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10095} [Table 3]
Production Production Production Production Production Frample 23
Example 19 Examplie 20 Example 21 Example 22
Curing agent Ho. 1 Il 113 iv v
Kind Polyethylene | Pentaerythri | Trimethylelp | Propoxylated | Ethoxylated | Propoxylated
giyeol §400 tol acrylate | ropane bisphenoel A | bisphencl A { trimethylolp
dimethacryla acrylakte diacrylate diacrylate ropane
© te (EO % mol} {EQ 04 mol) (80 04 mol) | acrylate
B . ] ) (B 03 mol}
g Vigcosity {mPa-s) 1 58 700 a5 2,200 1,100 85 )
9 Molecular weight 508 298 296 568 512 470
g pumber of functional groups 2 E] 3 2 2 3 .
© Acryloyl group equivalent 254 8% 93 28B4 256 157
Property Self-emulsif | Water-insolu | Water~-insolu | Water-insolu | Water-insol | Water-insolu
ying ble ble ble uble ble
flending amount (parts) 50 50 56 50 25 25
""""" B DFnB (parts) 10 10 59 ia 10
B " Water (paits) 40 35 - 35 35
“¥mulsifier {parts) - 5 - 5 5
Mixing method Homo‘genizer Homogenlzer Disper Homogenizear Homogenizer
Production Production Production Production production
Example 24 Example 25 Fxample 26 Example 27 Exampie 28
Curing agent No, Vi Vit ] YIxrf IX k4
Kind Ethoxylated Ethoxylated | Bthoxylated Propoxylated Erhosxyiated
bisphencl A glycerin bisphenol A trimethylolp bisphenol A
diacrylate triacrylate diacrylate ropana diacrylate
o (EQ 10 mol) (BEO 09 mol} {EQ 04 mol) acrylate {B0Q 30 mol)
o - R (PO 83 mol}
g ] Viscosity {mPas) 620 35 1,100 85 gog
oy Molecuiaz weight 776 650 512 470 1,656
5 HNumber of functional groups 2 3 2 3 2
© Mceryioyl group eguivalent - Iga 217 256 157 828
FProperty Self-emilsif | Water-insolu | Water—insoiu | Water-inscln | Water-soiubl
— ying bie bie ble e
Blending amount {parts) 50 50 ) 50 50
LPnB (parts) 10 50 10 10 -
o Water {parts} 40 - 35 35 50
Erulsifier (parts) - - 5 5 -
Mixing method Homogenizer Disper Homogenizer Hompgenizer Disper
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[0096] (Producticn Examples 29 to 47) Production cof agueous
coating compoesitions 1 to 189

The base resin liguid for a coating materiazl obtained in
Production Examplies 11 to 18 and the curing agents obtained in
Production Examples 19 to 27 were mixed in blending amounts shown
in Table 4, and the mixtures were stirred for 10 minutes with a

disper tc give aqueous coating compositions 1 to 19.

[0097] (Production of top ccating material and intermediate
- cocating material)
(Production Example 48) Production of aguecus epoxy/amine~based
coating material A

34.5 parts of ion~exchange water and 0.3 part of a sodiumalkyl
diphenyl ether disulfcnate (manufactured by Kao Corporation, trads
name "PELEX $8~H") were loaded and heated in a nitrogen atmosphere
to 80°C. Next, a monomer mixed solution including, as monomers,
i4 parts of styrene, 58 parts of Z-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 sclution had an acid value of 13 mgKOH/g. The monomer mixed
soiution was added to an emulsifier agqueous sclution of 1.2 parts
of a sodium alkyl dipheny!l ether disulfonate (manufactured by Kao
Corporation, trade name "PELEX SS-H"} in 50 parts of ion-exchangs

water, and the mixture was emulsified with a mixer to prepare a
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pre-emulsion.

The thus-obtained pre-emulsion and an initiator aqueous
solutionof 0. 3partof ammoniuvumpersulfateinil3partsof ion-exchange
water were added dropwise inte the separable flask from different
dropping funnels simultaneocusly. Dropwise addition at constant
rates over 120 minutes for the former and over 150 minutes for the
latter was started. After the completion ¢f the dropwise additicon,
& reaction was continued at the same temperature as above for an
additicnal 120 minutes. The resultant was cooled and then
neutralized with agueous ammonia correspending to 10 mol® of the
methacrylicacidused. Theneutralizaticnproductwas filteredwith

a 200-mesh metal screen to give an acrylic emuision resin.

Subsequently, 1.9 parts of a pigment dispersant (manufactured
by BYK-Chemie, trade name "Disperbyk-1%0"}, 0.3 part of a defoamer
(manufactured by BYK-Chemie, trade name "BYK~019"), 18.6 parts of
titanium cxide, 10.% 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~Z203W"), and 12.1

parts of water weremixedwith each cther 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/eguivalent, solidcontent: 47%),
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1.7 parts of a £iim forming aid (manufactured by CHISSO CORPORATICON,
"C8-12"y, 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 ligquid for a coating material.

Further, 8.9 parts of a water—-soluble polyamine resin Sunmide
(manufactured by Alr Products and Chemicals, Inc., trade name
"WH~910," active hydrogen eguivalent: 135 g/eguivalent [(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 ligquid for a coating material and the curing
agent were mixed with each cther and stirred with a disper to give

an agueous epoxy/amine-based coating material A.

[0098] {(Production Ezample 49) Production of agueous
epoxy/amine-based coating material B

An agueocus epoxy/amine-based coating material B was obtained
in the same manner as in Production Example 48 except that the blend
of the base resin liguild for 2 coating material was changed by using
4 parts of the acryiic emulsion resin instead of 17 parts of the

acrylic emulsion resin.

(0029 (Production Example 50} Producticn c¢f agqueous

two-component urethane-based ceoating material A
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Z22partsofwater, 6partscofapigmentdispersant (manufactured
by BYK~Chemie, trade name "Disperbyk-190"), 70 parts of titanium
oxide, 1 part of a defoamer (manufactured by BYK-Chemie, trade name
"RYK~011," diluted to 10% befcre use), and 0.4 part of a
dimethylethanolamine agueous sclution {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 agueous
acrylicpolyol (manufacturedby DIC Corporation, trade name "BURNOCK
WE-306"), 0.4 part of a surface conditioner (manufactured by
BYK~-Chemie, trade name "BYK-34€¢"), 0.05 part of a leveling agent
(manufactured by BYK-Chemie, trade name "BYK-333"), 0.4 part of
a surfactant (manufactured by Alr Products and Chemicals, Inc.,
trade name "DYNOL 604™), 0.5 part of a viscosity adjuster
(manufactured by Rohm and Haas Company, trade name "Primal RM-8W"),
0.1 part of a dimethylethanolamine agueous solution (20 mass%),
and 2 parts of a defecamer (manufactured by SAN NOPCO LIMITED, trade
name "SN-Defcamer 373Y) were mixed with sach other and stirred with

a disper to give a base resin liguid for a cecating material.

100 parts of the base resin liquid for a coating material were
mixed with 17 wparts of a water dispersible polyisocyanate
(manufactured by DIC Corporation, trade name "BURNOCK DNW-5000"),
and the mixture was stirred with a disper tc give an aguaous

two~component urethane-based ceoating material A.
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[0100!] {Production Example 51) Producticon of aqueous
carbodiimide-basgsed coating material

100 parts of 4,4-dicyclohexylmethane diisocyanate wers
subjected to & reaction in the presence of 1 part of
3-methyl-l-phenyl~2-phospholene-1l-¢xide as a carbodiimidaticn
catalyst at 170°C for 8 hours to give a carbodiimide compound having
about 3carbodiimide groups permolecule andhaving isocyanate groups

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

Toc 360 partscofascluticnobtainedbydilutingthe carbodiimide
compound with methyl iscbutyl ketone to 50 mass% were added 0.02
part of dibutyltin laurate and 165 parts cof polypropvlilene glycol
having a molecular weight of 2,000, and the mixturse was subjected
to a reaction at 85°C for 1 hour. Subseguently, 125 parts of
polyethylene glycol meonomethyl ether having 15 repeat units were
added thereto, and the resultant mixture was subjected to a reacticn

at 85°C for 1.% hours.

After the confirmation of disappearance of the isocyanate
groups with an infrared spectrophotometer, 8920 parts of deicnized
water were added, and themixture was stirred tohomogeneity. Methyl
isobutyl ketone and water were distilled off at 40°C under reduced
pressure so that an effective compcnent was adiusted to 40 mass$

to give an agueous carbodiimide curing agent having a carbodiimide
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equivalent of 825 g/eguivalent.

Next, to 35 parts of a pigment paste cohtained by mizing and
dispersing, with 2 disper, 6.8 parts of water, 1 part of a plgment
dispersant (manufacturedby BYK-Chemie, trade name "Disperbyk-1%0"}),
1 part of ethylene glycol, 0.2 part of a defoamer, 2 parts of barium
sulfate, and 24 parts cf titanium oxide were added 35 parts of an
acrylic emulsion {(acid value: 30 mgKOQOHK/qg, sclid content: 55 mass%),
8 parts of a water-soluble acrylic resin {(acid value: 55 mgKOH/g,
hydroxy] value: 70 mgKOH/g, mass average molecular weight: 92,000,
solid content: 30 mass%), 3partsof a film forming aid (manufactured
by CHISSO CORPORATICON, trade name “"CS-12"), 1 part of a viscosity
agent, and 1 part of a defcamer to give a base resin liquid for

a coating material.

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

agueous carbodiimide-based coating material.

[0101] (Froduction of undercoating material)
(Production Example 52) Production of agueous organic zinc-rich
coating material

8.8 parts of a water-soluble polyamine resin {(manufactured

by Air Products and Chemicals, Inc., trade name "Sunmide WH-910,"
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active hydrogen eguivalent: 135 g/equivalent (in terms of solid
content), solid content: 60%), 1.2 parts of a viscoslity agent, and

¢ parts of water were mizxed with each other to give & curing agent.

The curing agent, 16 parts of an emulsified epoxy resin
(manufactured by ADEKA CORPCRATION, trede name "ADEKA RESIN
EM-101-50, "epoxyequivalent: 500 g/equivalent, solidcontent: 47%),
and 68 parts of zinc powder were mixed, and the mixture was stirred

with a disper to give an aqueous organic zinc-rich coatingmaterial.,

01023 (Example 1) Formation of single-layer coating film

An agueous coating compesition 1 was prepared undsr an
environment of 30°C by the method of Production Example 28, and
24 hours after the preparation, the agueous coating composition
1 was applied onto a sandblasted steel sheet with a brush in an
application amount of 200 g/m’ and dried under an environment of
20°C for 7 days to form a single-layer coating £ilm {(thickness after
drying: 60 um) formed with the aqueous coating composition 1. At
that time, the aguecus coating composition 1 did not gelate and

was able to be applied with good workability. The resultant

single-layer coating filmsubjectedto theevaluation for "corrosion

resistance." Table 4 shows the evaluation results.
[0103] (Examples 2 to 19%) Formation of single-layer coating
£ilm
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Single-layer coating films were obtained in the same manner
as in Example 1 except that the agueous coating compositions shown
in Table 4 were used instead of the agueocus ceating composition
1. Itshouldbencotedthat, althoughtheaqueous coatingcompositions
were used 24 hours after the preparation in all Examples, none of
the agueous coating compositions gelated. The resulitant
gsingle~layer coating films were subjected to the same evaluation

as in Example 1. Table 4 shows the evaluation results.

[0104] {(Example 20) Formation of single-layer coating film

The aqgueous coating compositicn 1 was prepared under an
environment of 5°C by the method of Production Example 29, and 1
hour azfter the preparation, the agueous coating composition 1 was
applied conto a polished steel sheet with a brush in an application
amount of 200 g/m? and dried under an environment of 5°C for 24 hours
to form a single-layer coating film (thickness after drying: 60
um: formed with the agueous ccating composition 1. At that time,
the zgueous coating composition 1 did not gelate and was able to
be applied with good workability. The resultant coating film was
subjected to the evaluation for "initial rain resistance.” Table

4 shows the evaluation results.

[0105] {Examples 21 to 38) Formation ¢f single-layer coating

Single-laver coating films were obtained in the same manner
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as in Bxample 20 except that the agueous coating compositions shown
in Takle 4 were used instead cof the agueous coating composition
1. Itshouldbenctedthat, althoughtheaguecuscoatingcompositions
were used 1 hour after the preparation in all Examples, none of
the aguecus ceating compositions gelated. The resultant
single-layer coating films were subjected to the same evaluation

as in Example 20. Table 4 shows the evaluation results.

[0106] {Example 39) Formaticn of single-layer coating film
The agueous coating composition 1 was prepared under an
environment of 23°C by the method of Production Example 29, and

24 hours after the preparation, the aguecus coating composition

fuud

was applied onto a polished steel sheet degreased with xylens with
a brush in an application amount of 200 g/m* and dried under an
environment of 23°C for 7 days to form a single-layer ccating film
{thicknesgs after drving: 60 um) formed with the agueous ccating
composition 1. At that time, the agqueous ccating composition 1 did
not gelate and was able to be applied with good workability. The

resultant cocating film was subidected to the ewvaluation for

"water-resistant adhesive property.” Table 4 shows the evaluation
results.

[0107] (Examples 40 to 57) Formation of single~lavyer ccating
film

Single-layer coating films were obtained in the same manner
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as in Bxample 3% except that the agqueous ceating compositions shown
in Table 4 were used instead of the agqueous ccating composition
1. Itshouldbkenotedthat, althoughtheaqgueouscoatingcompositions
were used 24 hours after the preparation in all Examples, none of
the aguecusg coating compositions gelated, The resultant
single-lavyer coating films were subjected to the same evaluation

as in Example 39%. Table 4 shows the evalustion resuits.

&0
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[0108] [Table 4}
Exanmple Exampie Exzample Example Example Example Example Exanple Example Exampiré——q
1 2 3 # % 6 ki 9 9 10
28 21 22 23 24 25 26 27 8 29
39 10 41 12 43 14 15 45 47 18
hgueous Agueous Aqueous Aqueous Aqueous Aqueouns ARqueaous Agueous Agueous Agueous
coating coating coating coating coating coating coating coating coating coating
compositio | compositio | compositio | compositio | compositio | compositio | compositio | compositio | compositic | compositio
n i a 2 n 3 n 4 n b n 6 n 7 n B n 9 n 10
{Productio | [(Produckio | {Productio j [Froductio | {Productio | {Productioc | (Productio | (Productio | {Productio | (Productio
n Example a Example n Example n Example n Example n Example n Example it Example n BExample n Exanple
Z3) 30) 1) 32} 33 34} 35) 36} 37} ag)
Amine
e Fpoxy grou
b Ho. Btare equiv qraup Blending amount (parts)
& aquiva
o alent
1‘3 lent
1 -
= r | Waker-dls i g9 1 im4 500 500 500 500 500
o | persible
i gr 1 FAERITAds g g9 4 083 500 500 500 500 500
3 persible |
. wpp | MAteredis §ooga, 810
a pezsible
vy — 3
-U v | PEEErdiS g hhp 550
b= persible
o
& water-sol P 693
it ¢ uble 1,079 i
= Water-dis .
o . 9 .
a vi persible .01 1,093
a — WA
oL yyp ] HAter-dis g g9y g a3
@ persible
& Water~dis
1
0 VIIL persible 2,240 1,150
. Aceyleyl group . .
Ho Propertyr equivalent Blending amount {parts)
1 Se,‘lf.w«.amul 354 45
sifying
2
o] walter-ins
g 1t oiuble L2 20
H
Water-ins
v ] ]
g 111 oluble 9 10
) T
Water-ins -
4 ] 284
a v oluble 83
Hater-ins . -
o 207
v oiuble 15 50
Sa] -
vp | Seli-emal 388 65
sifying
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Water-ins
VIl 7
: oluble 21 40
Water-ins
v
iit oluble 2536 64
Fater-ins -
1% oluble 151 20
Kass ratio of epoxy resin {al) having epoxy
equivalent of 400 to 1, 504 and epoxy resin i 0
{#2} having epoxy equivalent of 2,000 to /0 1044 10/0 Lo/ 1a/o 1o/4 /e 1070 10/0 iv/0
- 3,200: al/az2
Acryloyl growp equivalent/amino group 1.1 1.3 0.7 i i 1.1 1.4 iP5 0.9 1.8
. equivalent ]
Corrosion resistance (Examples 1 to 1%} A A h Y A A B ;) h A
initiai rain resistance {Examples 20 to 38) A A n A A ) I A A Ky
WaterwI‘j;i:;;TESaggez;v:_?g}ropert}' 10 points 10 points 10 points 1t peints 10 points 10 points 10 points 10 poists 10 points i0 points
Bxanple Example Example Example Bxample Bxample Exampla Exémple Example
11 12 13 34 15 15 17 18 19
39 31 32 12 34 35 36 37 38
43 50 51 52 53 54 55 56 57
Aqueous Aqueous Aguaous Aqueous Agqueous houeous Aguecus Agueouns hgueous
coating coating coating coating coating ceating coating coating coating
compositio | compositio | compositio | compositio | compositio | compositio | compositio | compositio | compositio
n 1l 0 12 n 13 n 14 n is o 16 n 17 n i8 n 9
fProductio | (Productio [ {Productio | {Productio | {Productio | {Froductio | {Produckio ! {Productio | {(Preductio
o Example n Example n Example n Example n Example n n Example n Example 7 Exsmple
39) 41} 41] 42} 43} Example 14} 45) 461 47)
Amino
s Epoxy group
# Ho. State agulv e{juivale Alending amount (parks)
;} alent )
o nt
) Water-dis .
ts X 7 4
w 1 persible tre 1,18
o Water-dis . . -
;: 'a 1t paraible 1,478 1,083 250 150
3! ~dlis
I IR ST RN B ET 810 500
bl persible
SR qe [ Water-dis g, aap 1,550 150 se 500 250
7} persible
RS I Mt
ut Hater-scl .
g v uble 1,419 1,083 508
ﬂ, Hater-dis B
2] 2
3 vI peraible L, 078 1,093 250 240 200
b .
Water-dis
i 7 093
Vil persible 1,07% i,09 350
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Water-dis
vIIl persible 2,208 - i.150 300
Acryloyl group : " -
Mo, Property equivalent Biending amount {(parts)
Self-emwul
254
! sifying 3
Water—ins
93
H cluble
Waler-ins
2 u oluble i
[T S R - Py
o> Water-ins -
4 ]
® w oluble | 284 5
m s
1 Hater-ing 4
o v oluble 20
e =1t~
O v Se%f tzmul 188
sifying
Water—-ing
. 217
VIl oluble 21
Hater-ins
5 35 75
WH,,,. olubie | 256
Water-ins
; 157 25 e 30 35 EL 35
1x oluble
Mass ratio of epoxy resin {al) having epoxy
egrivalent of 400 to 1,500 and epoxy tesin 371 0/10 5/5 476 107 1070 1040
{a2} having epoxy equivalent of 2,000 to 10/¢ 7/3 4 / 4 v / /
3,208: al/al
Acryloyi group equivalent/aminc group i.a L1 1.5 1.7 1.0 1.9 2.0 5.0 2.0
eguivalent e i ) ’ . ) - ) )
Corrosion rasistance (Examples 1 to 19) A A A B A I B A A
Initial rainresistance {(Exawples 20 to38) M AR AR AR AR AR A A A
Hater-resistant adbesive propetiy . . s . : . : : .
ink B ] E: 3 ;
{Esamples 33 to 571 30 poinks 10 points 10 points points 10 points 10 points 10 points 10 points 10 points
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[0109] (Example 58) Formation of multilayer coating film (two
layers)

As a substrate, a polished steel shest degreased with xylene
was used. The aguecus coating composition 12 obtainedin Production
Example 40 was applied under an environment of 5°C onto the substrate
with a brush in an application amount of 200 g/ﬂ@ and then dried
for 24 hours at the same environment as in application to give a
coating film (thickness after drying: 60 um) formed with the agueous
coating composition I. The resultant ccating film had no finger
feeling (specifically, nosticky feeling) and a top coatingmaterial

was able to be applied thersconto.

A solvent type epoxy/amine-~based coating material A
(manufactured by NIPPON PAINT Co., Ltd., trade name "Epotal NBE-20"}
was applied as the top cecating material onto the resultant coating
film under an environment of 5°C with a brush in an application
amount of 200 g/m’ and then dried at 25°C for 24 hours to form a
topcoatinglayer {thicknessafterdrying: 60pum). Thus, amultilayer

ceating film (two layers) was obtained.

The resultant multilayer coating film (two layers) was
subjectedtotheevaluation for "water-resistant adhesive property.”
Tazble % shows the evaluation results.

f0110) (Examples 59 to 68) Formationof multilayer ceoating £film
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{(two layers)

Multilaver coating films {two layers) were ohtained using the
substrates, aguecus ceating compositions, and top ceatingmaterials
shown in Table 5 under the conditions shown in Table 5 in accordance
with the method described in Example 58. The top coating materials
used in Examples 58 to 68 and shown In Table 5 are as follows. It
should be noted that the polished steel sheet used in Example 59
had been degreased with xylene in advance, and the slate sheet used
in Example 65 had had an aquecus sealery for an inorganic material
(manufactured by NIPPON PAINT CC., LTD., trade name "Ultra Sealer

111"} applied onto its surface in advance.

Any of the coating films formed with the agqueocus coating
compositions hadno finger feeling (specifically, nosticky feeling)

and the top cocating materials were able to be applied thereonto.

In addition, the resultant multilayer coating films (two
layers) were subjected to the same evaluaticn as in Example 58.

Takle 5 shows the evaluation results.

{Top coating material)
1. Solvent type epoxy/amine-based coating material A

As the solvent type epoxyv/amine-based ceoating material A,
"Epotal NB-20" {(trade name) manufactured by NIPPON PAINT Co., Ltd.

was used.
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2. Solvent two-compeonent urethane-based coating material A

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

As the solvent twe-component urethane-based coating material
B, "NIPPE URETGP ECC" {(trade name) manufactursed by NIPPON PAINT
Co., Ltd. was used.
4. Aguecus epoxy/amine-based coating material A

As the aqguecus epoxy/amine-based coating material A, the
aguecus epoxy/amine-based coatingmaterial A produced in Production
Exampie 48 was used.
5., Aqueous two-componaent urethane-based coating material A

As the agqueous two-component urethane-~based cocating material
A, the agqueous two-component urethane-based coating material A
produced in Preoduction Example 50 was used.
6. Agueous emulsion-based coating material

As the agueous emulsion-based coating material, "ODE COAT G-
{trade name) manufactured by NIPPON PAINT Co., Ltd. was used.
7. Aqueous carbodiimide-based coating material

2s the acgueous carbodlimide-based coating material, the
agueous carbodiimide-based coating material produced in Production

Fxample 51 was used.
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F0111] [Table 3]
Example 58 _ Example 59 Example 60 Example 61 Example 62 Example 63
Substrale Polished steel Polished steel Zinc-plated Zinc-plated Galvalume steel | Galvalume steel
R sheeat sheet steel sheet steel sheet sheet sheet

Subslrate

Glass sheet

slate sheet

Stainless steel
zheet

Dull steel sheet

Zing
phosphate-treat
aed steel sheet

Kindofl coaling | Agueocus coating Aqueous coating Aguecus coating Aqueous coating Aqueous ceating | Aguecus coating
o b material _compositien 12 composition 12 composition 2 composition 2 composition 13 composition 13
1] feal i :
- App%xcaLlon 500 500 590 2500 5o 25°C
fﬂ’ _3 environment
i Application Brush Brush Brush Bruslh: Brush Brush
o 0 method
5 2| Application 200 g/m? 200 g/w’ 200 g/mt 200 g/m? 180 g/m’ 210 g/w?
9 8 amount ¢ o T e
ar Drying - o e ° o o "
: i 5°Cx1 da 25°%Cx1 da 5°Cx1 da 25°Cx1 da 5°Cx1 da 25°Cx1 da
= gnvironment Y &y Y Y Y _Y -
Thickness 60 pm 60 um 60 m 656G pum 60 um 60 um
Solvent Solvent
Solvent Lype | Solvent type n ‘0 Aguecus Aqueous
i nd of coati oxy/amine-bas Jamine-bas two—component two—component epoxy/amine-bas epoxy/amine-ba
e Kin O'C?d ing j epoxy . epexRy * . urethane-based urethane-pased poxy T -p ¥ .
-1 material ed coating | ed cocating coating material | coating material ed coating | sed coating
¥ material A material A a an B T I material A material A
iy} e e
n PR 5
E Application 5°C 25°¢ 500 25°C 5°¢ 25°¢
o enviromment o
5 Application B
- ; rush Brugh Brush Brush Brush Brush
w method .
pis T
) Application 200 g/o’ 200 g/m? 100 g/m? 106 g/m? 130 g/n? 130 g/w?
o amount .
o Drying O ;o o s 5 sEo
E \ 25%Cx1 d 25°Cx1 d C ]
i environment 5 ay 5°Cx1 day 25°Cx1 ?iy 25 ?wilday 25°C=1 day 25°Cx1 day
Thickness 64 pm C 60 um 60 um 60 pm 60 pm 60 pm
Waler-resistant : : .
. 10 points 1 oint i L 10 i 4 G int
adhesive property p 0 points J peints poinks 10 points 10 peints
Example 64 Example 65 Erample 66 Erample 67 Example 68
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Kl:g.if Aqueous cocabing Agueocus coating Aqueous coating Agueous coating Agueous coating
coaring composition 5 composition 10 composition 17 composition 7 composition 8
g material '
o Appl i i
5§ | fpplication 25°C 25°C 25°C 25°¢C 25°C
g ﬂ environment
o § Apii;;ii;Oﬂ Spray Roller Roller Airless spray Airless spray
5 £ Bpplication I T
S8 PP~ 140 g/m? 240 g/m’ 100 g/m’? 200 g/m" 200 g/m’
o0 amount
o : -
= Drying 25°Cx1 day 25°Cx1 day 25°Cx1 day 80°Cx20 min R0°Cx20 min
environment
Thickness 60 um 60 um 60 um 60 Lm 60 um
Agueous Solvent Scolvent
. hgqueous ) .
Kind of twWwo-component Agueous carbodiimide—ba two-component two—component
o coating urethane-based emulsion-based ced coatihg urethane-based urethane-based
0 material ceating material | aocating material : coating material | ceating material
M material
o L LSOOV NSO S B B
@ N
= Application 25°C 25°C 25°C 25°¢C 25°¢
o _envirenment ]
£ F ‘ )
s Application Spray Reller Reoller Airless spray Airless spray
5 method - _
o PR
o Application 100 g/w’ 120 g/n? 100 g/ 80 g/m’ 80 g/m
I amount | e
g :
& brying 25°Cx1 day 25°Cx1 day 25°Cx1 day 80°Cx20 min BO°Cx20 min
environment N
Thickness 60 um 60 um 60 um 60 um 60 pm
Water-resistant 10 points i0 points 10 points 10 points 10 points

adhesive property
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[0112] {(Example 62) Formation of multilaver coating film {(four
lavers)

Asandblasted steel sheetwas coatedwithasclvent type ocrganic
zinc~rich coatingmaterial (manufactured by NIPPON PAINT Co., Ltd.,
trade name "N Zinky 8000 NB") as an undercoating material so that
athickness afterdrvingof 70 ymwas achleved to form an undercoating

lavyer.

After that, the aguecus coating composition 13 cbtained in
Production Example 41 was applied under an environment of 5°C with
a brush onto the underceating layer so that a thickness after drying
of 60 um was achieved, and then dried under the same environment
as in its application for 1 day to give a cecating film formed wit

the aquecus coating composition 13.

A solvent ifype epoxy/amine-based coating material B
(manufactured by NIPPON PAINT Co., Ltd., trade name "HI-PON 30 FINE
Intermediate coating”) was applied as an intermedieste coating
material under an envireonment of 25°Cwith a brush onto the resultant
coating £ilm so that a thickness after drying of 30 um was achileved,
and then dried under the same enviromment as in its application

for 1 day to give an intermediate coating laver.

A solvent two-component urethane-~based coating material A

(manufactured by NIBPCON PAINT Co., Ltd., trade name "HI-PON 50 FINE")
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was applied as a top coating material under an environment of 25°C
with an air spray onto the intermediate coating layer so that a
thickness after drying of 30 um was achieved, and then dried under
the same environment as in its application for 7 days to form a

top coating layer. Thus, amultilayer coating film (four layers).

The resultant multilaver coating film (four layers) was

subjectedtotheevaluations for "water~resistant adhesiveproperty”

and "corrosion resistance." Table 6 shows the evaluation results,
[G113] {Example 70} Formationof multilayer coating film {four
layers)

A multilaver coating film {(four layers) was obtained in the
same manner as in Example 69 except that the undercoating material,
agueous coating composition, intermediate ceoating material, and
top coating material shown in Table 6 were used. £ should ke noted
that the undercoating material, intermediate coating material, and
top coating material shown in Table © and used in Example 70 are

as follows.

The resultant multilayer coating film (four layers) was

subjected to the same evaluations as in Example 6%9. Table & shows

the evaluation results.

(Undercoating material}
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The aguecus organic zinc-rich coating material obtained in

Production Example 52 was used.

{Intermediate ccating material)

As the agueous epcxry/amine-based coating material B,

the

agueous epoxy/amine-based coating material Bobtained in Production

Example 49 was used.

{(Top ceating material)

Asanagueocus carbodiimide-basedcoatingmaterial, theagueous

carbodiimide-based coatingmaterial produced in Production Example

51 was used.

]
(o]
=
fot
fin

fI—

[(Table &]

Example £9

Example 70

Undercoating
matrerial

Solvent type organic
zinc-rich coating
material

Agueous organic
zinc-rich coating
material

Rgueous coating

Agueous coating

RAguecus coating

compesition composition 13 composition 13
Intermediate ccating Solvent type Agueocus
material epoxy/amine-based epoxy/amine-based

coating materlial B

coating material B

Top coating material

Solvent
two-component
urethane-basead
coating material A

Agueous
carbodiimide-bhased
coating material

Water-resistant 10 points 10 points
adhesive property
Corrosion resistance A A

[0115]

(Comparative Example 1)
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B coating film formed with the solvent fype epoxy/amine-based
coating material A on a substrate was cbtained in the same manner
as in Example 58 except that the solvent type epcxy/amine-~based
coating material A (manufactured by NIPPON PAINT Co., Ltd., trade
name "Epotal NB-20") was used instead of the agueous coating
composition 12 obtained in Production Example 40. The resultant
coating film was sticky, and hence it was impossible to apply a

top ccating material.

[0115] As shown in each of Examples 1 to 19, according to the
nethod of forming a coating filmaccording to the present invention,
it was possible to give a coating f£ilm excellent in corrosion

resistance.,

[0117] As shown in each of Examples 1 to 1% and 3% to 57, in
the case of using the water-dispersible aqguecus epoxy-based
polyamine resin (A), the agueous coating compesition wnich had been
stored for a long periced of fLime did not gelate, was excellent in
workability, and allowed a coating film excellent in corrosion

resistance to be formed.

6118} As shown in each of Examples 20 to 38, 58, 60, and 62,
the coating £ilm formed by the method of forming a ccating film
according to the present invention exhibited sufficient curakbility

even at low temperature. On the other hand, as shown in Comparative
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Example 1, the coating film formed with the conventional
epoxy/amine-based coating material had insufficient curability at

low temperature.

(0119] &5 shown in each of Examples 31 to 35, when the agueocus
coating composition including the agueous epoxy-based polyamine
resin (A} obtalined using the epoxy resin (al) having an epoxy
gquivalent of 2,000 to 3,200 is used, a ceoating film excellent in
initial rain resistance can be formed. Meanwhile, as shown in each
of Examples 31, 32, 34, 35, 50, 21, 53, and 54, when the agueous
coating composition including the agueocus epoxy-based polyamine
regin (Al) cobtained using an epcxy resin (al) having an epoxy
equivalent of 400 to 1,500 and an aguecus epoxy-based polyamine
resin (A2} obtained using an epoxy resin {aZ) having an epoxy
aquivalent of 2,000 to 3,200 at a specific mass ratio (al/aZ) is
used, a ccating film excellent in initial rain resistance and

water-resistant adhesive property can be formed.

[0120] Ag shown in each of Examples 58 to 68, a ceoating filim
excellent in water-resistant adhesive property was zable to be
obtained according to themethod of forming a coating film according

to the present invention by forming the top coating layer.

[01Z21] As shown in each of Examples 6% and 70, & coating film

excellent in water-resistant adhesive properity and corrosion
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rezistance was able to be obtained according to the method of forming
a coating film according to the present invention by forming the
undercoating layer, the intermediate coating layer, and the top

coating lavyer.

Industrial Applicability

[0122] The method of forming a coating film according to the
present invention can be suitably used in, for example, an
anticorrosive application. Specifically, the method can be
suitably applied to, for example, ships, vehicles (e.g., raillway
vehicles, large vehicles), ailrcraft, bridges, marine structures,
wlants, tanks (e.g., petroleum tanks}, pipes, steel tubes, and cast
irontubesaswell asmetal partsinciudedinarchitectural structures,

such as doors and window frames.
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Claims

[Claim 1] 2 method of forming a coating fiim, comprising coating a
substrate with an agqueous coating composition and air drying the
agueous coating composition to form a coating £ilm, wherein the aquecus
coating composition 1s a Gtwo-component aguecus coating composition
comprising a base resgin liguid for a coating material and a curing
agent,

the base resin liguid for a coating material comprises an agueous
epoxy-based polyamine resin (A} having cne or more primary amino groups
and/or secondary amino groups in a molecule,

the curing agent comprises a compound (B} having one or mere

{meth)acrvlovl groups in a molecule.

[Claim 2] A method of forming a coating f£ilm according te claim 1,
wherein the agueous epoxy-based polyamine resin (A} is water-

digpersible.
[Claim 3] A method of forming a coating film according to claim 1 or 2,
wherein the aqueous epoxy-based polyamine regin (A} has an amino group

equivalent of 100 to 3,000.

[Claim 4] A method of forming a ccating film according to any one



of claims 1 to 3, wherein the agqueous epoxy-based polyamine resin (A)
is obtained by amine-modification of an epoxy resin, and the epoxy

regin has an epoxy equivalent of 180 to 3,800.

[Claim 5] A method of forming a coating film according to any one of
claims 1 to 3, wherein the agueous epoxy-baged polyamine resin (A) in
the agueocus coating composition comprises:

an agueous epoxy-based polyamine resin (Al) obtained by amine-
modification of an epoxy resin (al) having an epoxy equivalent of 400
to 1,500; and

an agueous epoxy-based polyamine resin (A2) obtained by amnine-
modification of an epoxy resin (a2) having an epoxy eguivalent of 2,000

to 3,200,

[Claim 6] A method of forming a coating film according to claim 5,
wherein a mass ratio of the epoxy resin (al} and the epoxy resin (a2}

(al/a2) is 8/2 to 2/8.

iClaim 7} A method of forming a coating film according to any one of
claims 1 to 6, wherein the agueocus epoxy-based polyamine resin (A) is
obtained by neutralization of an amino group of an epoxyv-based
polyamine resin with an acid, and a nesutralization ratic in the

neutralization is 10% to 70%.

[Claim 8] A method of forming a cocating film according to any one of
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clajms 3 to 7, wherein the compound (B) has a wviscosity at 25°C of

3,000 mPa-s or less.

[Claim 9] A method of forming a ceating film according te any one of
claims 1 toc 8, wherein the compound (B} has a molecular weight of 150

or more and 2,000 or less.

[Claim 201 A method of forming a ceating f£ilm according to any one of
claimes 1 to 9, further comprising forming a top coating layer on the
coating film after the forwming of the coating film with the agueous

coating composition.

{Claim 31] A method of forming a2 coating film according toe claim 10,
further comprising forming an intermediate coating laver after the
forming of the ccating film with the agueous coating composition and

‘before the forming of the top coating lavyer.

[Claim 12] A method of forming a ccating film according to any one of
claims 1 to 11, further comprising forming a undercoating layer on
substrate before the forming of the coating film with the agueocus

coating composition.
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METHOD FOR FORMING COATING FILM
ABSTRACT
The present invention provides a method for forming a coatin

film which is excellent in low-temperature curability.

The method of forming a coating filmaccording to an embodimant
of the present invention includes coating a substrate with an agueocus
coating composition to form a coating film, wherein the aguasous
coatingcompositionincliudes: anagqueous epoxy-basedpolyamine resin
!

{A) having one or more primary amino groups and/or secondary amino

groups in a molecule; and a compound (B3) having cne or more

(meth)acryloyl groups in 2 molecule.

e e St

No Suitable Figure
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