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Description
Title of Invention: WATER-BASED COATING COMPOSITION AND PROCESS

FOR FORMATICON OF COATING FILM

Technical Field
[000L] The present inventiocon relates to an aguecus coating

composition and a method for forming a coating film.

Background Art

(00021 In general, a sclvent-type coating material including
an epoxy resin and a polyamine compound is used as an antlcorrosive
coating material. However, in recent years, from a standpoint of
environmental protection, there is a social demand for a shift from
the solvent-based coating material to an aguecus coating material.
Examples of the agueous 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 & 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).

(00037 However, in the case of using a curing reaction of the
epoxry resin and the polyamine compound, it is difficult to form
aceating filmwhich exerts practical performance at low temperature

{e.g., 5°C or less) because the curing reaction hardly proceeds



at low temperature.

Priocr Art Document
Patent Document

(00043 [(PTL 1] JP 11-166153 A

Summary

[0004a] In a first aspect of the present disclosure, there 1S

provided an agueous coating composition, comprising:

(&) an agueous sepoxy-based polyamine resin having one or
more primary aminoc groups and/or secondary amino groups in a

{2) a compound having cne or more (meth)acryloyl groups in
a molecule; and

(C) an alkoxysilane compound;
wherein an equivalent ratio of an amino group of the

aquaous epoxy-based polyamine resin {4) and a (methlacryloyl

g

roup of the compound (B) ((meth)acryloyl group/amino group) is

<

.7 to 2.5; and a content of the alkoxysilane compound (C) in a
solid content of the agueous coating composition i1s 0.2 mass$% to
5 massk; |

wherein the agueous ccating composition 1s a two-gcomponent
agueous coating composition comprising a base resin liguid for a
coating material and a curing asgent,

the base resin liguid for a coating material comprising the
agqueous epoxy-based polyamine resin (&) and

the curing agent comprising the compound (B) and the
v Lkoxyvsilane compound (C);

Y. - it S
i

wherein the aguecus epoxy-based polyamine resin (A) has an

11}
-

amino group eguivalent of 100 to 2,000; and



wherein the agueous epoxy-based polyamine resin (A) is

obtained by amine-modification of an epoxy resin, and the spoxy

-

resin has an epoxy eguivalent of 180 to 3,800.

[0004b] In a second aspect of the present disclosure, there is
provided a method of forming & coating film, comprising applying
the aqueous coating composition as defined herein onto a

subatrate surface to form a coating film.

Problem to be solved b§ the Invention

[0005] The present invention has been made to solve the
conventional problem, and an object of the present inventlon is
to provide an agueous coating compesition which is excellent in

lm

[

low-temperature curabllity and capable of forming a ceoating £

excellent In coryoslion resistance.

Means for sclving the Problems

[CO06] An  aguecus coeatling compaosition according Lo

&5
-
—

embodiment of fThe present invention includes: (A} an agueous
epoxy-based polyamine resin having one or more primary amino groups
and/or secondary amino groups in a molecule; (B) a compound having
one or more {(methjacryloyl groups 1in a molecule; and {(Q) an
alkoxysilane compound; wherein: an equivalent ratic of an amino

group of the aguecus epoxy-based polyamine resin (A} and a

(meth)acryloylgroupof the compound (B) { (meth)acrylovlgroup/aming

£

group) is 0.7 to 2.5; and a content of the alkoxysilane compound

(C} in a sclld content of the agueocus coating composition is 0.2

2a
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mass% to 5 massk.

ITnapreferraedembodiment of the invention, the aqueous coating
composition is a two-component agueous coating composition
comprising a base resin liguid for a coating material and a curing
agent, the base resin licuild for a coating material comprising the
aguecus epoxy-based polvamine resin (A) and the curing agent

comprising the compound (B} and the alkoxysilane compound ().

In a preferred embodiment of the invention, the aqueous

epoxry-based polyamine resin (A) ls water-dispersible.

In 2 preferred embodiment of the invention, the agueous
epoxy-kased poclyamine resin (A) has an amino group equivalent of

100 te 3,000.

In a preferred embodiment of the invention, the agueous
epoxy-based polyvamine resin {A) is obtained by amine-modification
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-based polyamineg resin (&) includes: an agueous epoxy-based
polyamine resin (Al} obtained by amine-mcdificaticon of an epoxy.

resin (al) having an epoxy eguivalent of 400 to 1,500; and an
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agueous epoxy-based peclyamine resin {(R2) chtained by
amine-modification of an epoxy resin {(a2) having an epoxy equivalent

of 2,000 to 3,200.

In a preferred embodiment of the invention, a mass ratio of
the epoxy resin {al) and the epoxy resin {(a2) (al/a2) is 8/2 to

2/8.

In a preferred embodiment of the invention, the agueous
epoxy-based polyamine resin (A} is 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.

Inapreferredembodinment of the invention, the aqueous coating
compesition further includes a pilgment, wherein the pigment has

a2 pigment volume concentration of 20% to 50%.

Rccording to another aspect of the present invention, a method
of forming a coating filmisprovided. The method of forming a coating
film inciudes applying the agueous coating composition onto a

substrate surface to form a coating film.
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In a preferred embodiment of the invention, the method of
forming a ccating film further includes applving a top coating

material on the coating film to form a top coating laver.

Effects of the Invention

[0007] The aquecus ceating compositionof thepresent invention
includes: (&) an agueous epoxy-based polyamine resin having one
cr more primary aminc groups and/or secondary aminc groups in a
molecule; (B) a compound having one or more {(meth)acryloyl groups
inamolecule; and (C) an alkoxysilane compound. Hence, the agueous
coating composition of the present invention exhibits excellent
low-temperature curability and is capable of forming a ceating £ilm

excellent 1n corrcosicon resistance.

Description of Embodiments
(00081 A. Outline of aqueocus coating composition

An agueous ccating composition of the present invention
includes: fA} an aquecus epoxy-kased polvamine resgsin having one
or more primary amino groups and/or secondary amino groups in a
molecule; (B) a compound having one or more (methlacryloyl groups
in a molecule; and (C}) an alkcxysilane compound. In the agueocus
coating composition of the present invention, a curing reaction
of the agueous epoxy-based polyvamine resin (A) and the compound
(B} is caused te proceed by mixing these compounds, to thereby allow

accating filmtobe formad. The aqueous epoxy-basedpolyamine resin
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(A} and the compound (B} can undergo a curing reaction even at low
temperature {(e.g., 5°C or less), and hence the aqueous coating
compositlion of the present invention isexcellent in low-temperature
curability. In addition, the aguecus ccating compesition of the
present invention can form a coating film excellent in adhesive
property to a substrate because the composition includes the
alkoxysilane compound (L. Such excellent adhesive property can
be achieved even in the case where the coating film is formed at

low temperature.

[ogoe] The agqueous coating compesitionof thepresent invention
ispreferabkly a two~component agueocus coating composition including
a base resin liguid for a ceating material and a curing agent. It
ispreferredthat thebase resinliquidforaccatingmaterial include
the aquecus epcxy-based polyamine resin (A), and the curing agent
include the compound (B) and the alkoxysilane compound (C). When
the aqueous ceating compesition of the present invention lsg usad
as the two-component agqueous coating compesition, anaguecus coating
composition excellent in low-temperature curability can be obtained
because 1t i1s possible to select a combinaticn of the agueous
epoxy-pased poelyamine resin (A) and the compound (B) such that bot

of them exhibit high reactivity to each other.

(0010] Beforemixing of the aguecus epoxy~basedpolyamine resin

(A) and the compound (B), the agueous coating composition of the
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present invention may be treated, for example, by (1) diluting the
compceund {B) with an organic solvent, {Z2) mixing an emulsifier in
the compound (B} or emulsifyving or dispersing the compound (B) with
a dispersant, an emulsifier, or an aguecus resin, or (3) dispersing
the compound (B) in a dispersing element of 2 resin different from
the agueous epoxy-based peolyamine resin (A). When such treatment
15 carried out, the agueocus epoxy-hased polvamine resin (A} and
the compound (B} can be mixed without using a special mixing device,
to thereby obtain an agueocus coating composition excellent in
dispersibility. As a result, the aguecus epoxy-based polyamine
resin {A) and the compound (B) can react with each otherefficiently.
Further,whenthetreatment(2)Ofxdxinganemulsifierinthecompound
(B} or enulsifyving or dispersing the compound (B) with a dispersant,
an emulsifier, or an agueous resin 1s carried out, the compound

{B) can be treated as a nonhazardous material.

10011 Examples of the organic solvent to bhe used when the
compound (B) is diluted with the organic solvent include ethylene

gilycel monobutyl ether and diethylene glycol moncbutyl ether,

(00121 A nonionic emulsifier or an anionic emulsifier, for
example, 1s used as the emulsifier to be used when the emulsifier
is mixed in the compound (B), or the compound (B) is emulsified
or dispersed with a dispersant, an emulsifier, or an aqueous resin.

Examplies of the nonitonic emulsifier include a polyoxyethylene alkyl



F2P-NPPOS201PCT

phenol ether, polyoxyethylene styrenated phenyl ether, a
polyoxyethylene alkyl ether, a polyoxyethylene polyvoxypropylene
block polymer, and a sorbitan fatty acid ester. Ezxamples of the
anlonlic emulsifier include a dodecylbenzenesulfonic acid salt, a
dialkyl succinate sulfonic acidsalt, a pelyoxyethylene alkyl ether
sulfuric acid ester salt, a polyoxyethylens styrenated phenyl ether
sulfuric acid ester salt, and an alkyl diphenyl ether disulfonic
acid salt. Examples of the dispersant include a polyacrylic acid
sodium salt and an ammonium salt of a half ester of a styrene-maleaic
acid copolymer. Examples of the agueous resin include a sedium salt

of polvacryiic acid ester.

001371 Examplesof thedispersingelement usedwhen the compound
{B) 1s dispersed in a dispersing element of a resin different from
the aqueocus epoxy-based polyamine resin (A) include an emulsion
and dispersion of an acrylic resin, and an emulsion and dispersion

of a urethane regin,

[G014] The content of the agqueous epoxy-bhased polyamine resin
{A) in terms of a sollid content is preferably b mass% to %% mass%,
mere preferably 10 mass® to 90 mass? with respect to the total solid

content of the agueocus coating composition.

[C0159] The content of the compound (B) is preferably Z massh

te 30 mass%, nore preferably 5 mass% to 25 mass? with respect to
P ¥ F
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the total sclid content of the agquecus coating compositicn.

0016} An equivalent ratio of amino groups 1n the agueous
epoxy~based polyamine resin (&) and (meth)acryloyl groups in the
compound (B) (({methjacryloyl groups/aminc groups) is 0.7 to 2.5,
preferably 0.8 to 2.0. When the equivalent ratio is less than 0.7,
the low-temperature curabllity of the agueocus coating composition
may reduce. When the equivalent ratic exceesds 2.5, the adhesive

property of a coating film to be cbtained may reduce.

(00173 The content of the alkoxysilane compound (C) is 0.2 mass%
to b mass%, preferably 0.3 mass% to 3 mass%, more preferably 0.5
mass% to 2 mass® with respect to the total solid content of the
agueous coating compesition. As long as the content of the
alkoxysilane compound (C) is in such range, the composition has
excellent adhesive property to a substrate, resulting in cbtaining
an agueous ceoating composition capable of forming a coating film
which exhibits excellent corrosion resistance. Tt should bs noted
that even if the content of the alkoxysilane compound (C) is set
te more than 5 mass%, the adhesive property is not further improved,
and the curability (in particular, low-temperature curability) of

the coating film may reduce.

(00187 The aguecus coating compositionctf thepresent invention

may further include a pigment. When the pigment is incorporated,
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the aqueous coating composition has an increased viscosity and can
ferm a thick coating f£ilm by single application. As a result, an
aquecus coating composition excellent in application workability
can be obtained since the number of spplication can be reduced,
and capable of forming a coating film which exhibits sufficient

corrosion resistance can be obtalined.

0019] Specific examples of the pigment include: extender
plgments such as precipltated barium sulfate, clay, talce, and mica;
color pigments such as titanium dioxide and carbon black; and

anti-~rust pilgments such as zinc phosphate.

(00207 The pigment volume concentration of the pigment in the
aquecus coatingcompesitionispreferabliv20% te 50%, morepreferably
25% to 45%, particularly preferably‘BO% to 40%. When the pilgment
vblumeconcentrationislessthanZO%,theeffectoftheincorpozation
of the pigment may be insufficient, while when the pigment volume
concentration exceeds 50%, the outer appearance of the coating film
may deteriorate. Thepigment volumeconcentrationcanbecalculated
from the mass of the pigment blended and the specific gravity of

each component in the coating material.

10021) Water, a solvent, an additive, or the likemay be blended
inte the aquecus ccating compositicn of the present invention.

Specific examples of the selvent include: glycol-based solvents

10
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such as ethylene glycol, propyleneglycel, ethylene glycol moncbutyl
ether, propylene glycol monobutyl ether, diethyvlens glycol,
dipropylene glycol, diethylene glycol monobutyl ether, dipropylene
glycol monobutyl ether, and diethylene glycol dibutyl ether;
aromatic solvents such as zylene, Sclvesse 100, Solvesso 150, and
Solvesso 200; hydrocarbon-based solvents such as mineral spirit;
and ester-based solvents such as 2,2,4-trimethyl-1,3-pentanadiol
monoiscbutyrate {(manufactured by CHISSO CORPORATION, trade name
TCS-12M7), 2,2,4~trimethyl~1,3-pentanediol diisobutyrate
(manufactured by CHISSO CORPORATION, trade name "CS-16"), diethyl
adipate, and diisobutyl adipate. Specificexamples of the additive
include a dispersant, a viscosity adjuster, & curing catalyst, a
surface conditicner, a defoamer, a plasticizer, a film forming aid,
a UV absorbing agent, and an antioxidant. When the agueous coating
composition of the present invention is used as a two-componsent
agueous coating composition, water, the solvent, and/or the additive
may be added to a base resin liguid for a coating material or a
curing agent before mixing of the base resin liquid for a coating
material with the curing agent cor may be added after mixing of the
base resin liguid for a coating material with the curing agent.
Which of the kbase resin i1iguid for a coating material and the curing
agent water, the solvent, and/cr the additive are/is added to may
be determined kased on the functions and properties expected of

them.
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10022] B. Agusous epoxy-bhased polyamine resin (A)

The aqueous ccating composition of the present invention
includes the agqueous epoxy-based polyamine resin {(A) having one
or mere primary amino grecups and/or secondary amine groups in a

molecule. 1t should be ncted that the concept of "aquecus" as used

herein comprehends "water-scluble” and "water-dispersible."”

100231 The acuecus epoxy-basad polyamine resin (A} is
preferably water-dispersible. When a water-dispersible agueous
epoxy-based polyamine resin (A} is used, an aguecus coating
composition capable of forming a coating f£ilm excellent in water
resistance can pe obtained. In addition, in the case where the
aguecus epoxy-based polvamine resin (A) 1s water-dispersible, the
resin can be easily mixed with the compound (B). Further, a rapid
reaction pfogress of the agqueocus epoxy-based polyamine resin (A)
and the compound (B) can be inhibited to appropriately adiust the
reactivity, thereby obtaining an agueous coating composition with
along service life. Meorespecifically, inthecasewhere the agqueocus
epoxy-basedpcolyamine resin {(A) iswater-dispersible, inthe agueous
coatingcompositionbeforeapplication, thereactionhardlyprocesds
even at ordinary temperature, which provides good preservation
stability andapplication property, because the aguecus epoxy-bhased
polyamine resin (A) is hardly brought intc contact with the compound
{B). Ontheother hand, after application, adispersiconmedium {such

as water) volatilizes to facilitate the contact between the aguecus

12
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epoxy-based polyamine resin {A} and the compecund (B). Therefore,
the curing reaction proceeds even at low temperature, to Thereby

allow & ceoating film to be formed.

[0024] The agueous epoxy-based polyamine resin (A) can be
obtained by, for example, amine-modification of an epoxy resin.
Further, when the epoxy-based polvamine resin obtained by
amine-modificationof the epoxy resin isnot agueous, the epoxy-based
polyamine resin may be converted intc an aguecus resin by
neutralization of an amino group with an acid, to thereby obtaln

the aguecus epoxy-based polyamine resin (A).

QG251 As the epoxy resin, any appropriate epoxy resin may be
used. The resin is preferably a bisphenol A-type epoxy resin or
a bisphenol F-type epoxy resin, particularly preferably a bisphenol

A-type epoxy resin.

(0029 The epoxy equivalent of the epoxy resinmay be determined
depending on desired coating film physical properties. The epoxy
equivalent is preferably 180 to 3,800, more preferably 400 to 3,200,
particularly preferably 700 te 3,200. When the epoxy equivalent
of the epoxy resin is in such range, a ceoating film excellent in
water resistance, corrosion resistance, and water-resistant
adhesive property can be obtained. When the epoxy resinhas an epoxy

eguivalent of less than 18C, the initial rain resistance of a coating

13
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film to be obtained may reduce. Meanwhile, when the resin has an
epoxy equivalent of more than 3, 800, the epoxy-based polyamine resin
may not be dispersed in water to cause phase separation, which makes
it impossible to convert the cocating composition into an agueous
one and to obtain an agqueous coating compoesition having sufficient
water-resistant adhesiveproperty. Itshouldbenctedthattheepoxy
eguivalent of the epoxy resin can be determined in accordance with
JIS K 7236, TInaddition, 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 cecating film
which has not completely cured but is non-sticky is formed. When
the cecating film is poor in initial raln resistance, the coating
filmmay breakor swell by exposure toerainbefore the appliedcoating
film cures completely. The agueous coating composition capable of
forming a ceating film having high initial rain resistance is
particularly effectively used for an outdoor cbhject to he coéﬁed
which may be expcesed to rain before the applied coating film cures

completely.

[0027] In one embodiment, the epoxy resin is an epoxy resin
fal}y having an epoxy equivalent of 400 to 1,500, When an agueous
epoxry-based polyamine resin (Al} obftained by amine-modification
of the epoxy resin (al) is used, it is possible to cbtain an agueous
coating composition capable of forming a ceating £ilm excellent

in water-resistant adhesive property. The epoxy eguivalent of the

14
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epoxy resin (al] is more preferably 600 to 1,400, particularly

preferably 800 to 1,300.

[0028] In another empodiment, the epoxy resin is an epoxy resin
(22) having an epoxy equivalent of 2,000 tc 3,200. When an agqueous
epoxy-pased polyamine resin (AZ) obtained by amine-modification
of the epoxy resin (a2) is used, 1t is possible to cbtain an agueous
coating composition capable of forming a coating film excellent
ininitial rainresistance. The epoxy equivalent of the epoxy resin

(a2} 1s more preferably 2,200 to 3,000,

00297 As the epcoxy resin, two or more kinds of epoxy resins

may pe used in combination.

1003067 As the epoxy resin, there may be used cne subjected to
chain elongation through utilization of a reaction of an active
hydrogen;containinqcompoundcapableofreactingwithanepoxygrou@
with an epoiy group to increase the molecular weight of the resin
or tomoedify the resin. Examnples of the active hydrogen~containing
cempound includeablfunctional compound suchasadimeracid, diamine,

cr polyether polyol.,

(00313 As the epoxy resin, there may be used one having a fatty
acid added before the amine modification. The addition allows a

soft component to be intreoduced into the resin and allows the number
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of epoxy groups to be reduced, thereby reducing sites to be

amine-modified to lower & reactivity, for example.

(00327 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 methoed
involving adding a primary amino group-containing polyamine to an
epoxy 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
amine groups and/or secondary amino groups, and secondary hydroxyl
groups inamolecule. The epoxy-basedpolyamine resinmay be a resin
obtained by a reactionof part of the primary amino groups, secondary
amino groups, and/or hydroxyl groups in the epoxy-based polyamine
resin with a compound having a functional group such as an epoxy
group, anacidanhydridegroup, anacidhalogengroup, oran isocyanate
group. When a product obtained by making an epoxy-based polyamine
resin agueous, the epoxy-based polyamine resin being cbtained by
areactionof acompoundhaving such functional group, is incerporated
as part of the agqueous epoxy-based polyamine resin (A) to be used,

hysical properties of the resultant coating film can be adijusted.
phy pEOPR g

[0033] The method involving adding the primary amino
group-containing polyamine to the epoxy resin is specifically a

method invelving reacting a primary amino group in the primary amine

ot
O
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group~containing polyamine with an epoxy group in the epoxy resin
to form a secondary amino group, resulting in preducing the

epoxy-based polyamine resin having the secondary aminoe group.

[0034] Examples of the primary amino group-containing
polyamine include diethylenetriamine, dipropylenstriamine,
dibutylenetriamine, and triethylenetetramine. They may be used

alone or in combination.

[Q035] The method invelving adding a ketiminated amino
group-contalning compound to the epoxy resinisspecificallyamethod
involving allowing the ketiminated amino group~containing compound
and the epoxy resin to react with each other and then hydrolyzing
a ketimine group to forma primary amine group, resuliting inproducing
the epoxy-based polyamine resin having a primary aminoe group. It
should be noted that when the ketiminated amino-group centaining
compound and the epoxy resin are allowed to react with each other,
a secondary amine such as diethanolamine, methylethanolamine, or

diethylamine may coexist.

00367 The ketiminated amino group-containing compound can be
obtained by reacting 2 primary amino group~containing compound with
a ketone. Examples of the primary amine group-containing compound
include: primary amino group-containing polyamines such as

diethylenetriamine, dipropylenetriamine, dibutvylenetriamine, and

i
-]
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triethylenetetramine; aminocethylethanclamine;
methylaminopropylamine; andethylamincethylamine. Theymaybeused
alone or incombination. Examples of the ketone includemethyl ethyl

ketone, acetone, and methyl iscbutyl ketone.

[0037] The epoxy-basedpolyamine resinmay further be medified
by allowing the resin to react with a compound having a functicnal
group reactive with an amino group, depending on desired coating
filmphysical properties, Examplesof the functicnal groupreactive
with an amine group include an epoxy group, a (meth)acryloyl group,

an 1lsocyanate group, and an acid anhydride group.

[0038] The amount of ithe amino groups in the epoxy-based
polvamine resin may be any appropriate amount depending on desired
properties of the aquecus coating compositlion or desired coating
film physical properties., The amount of the amine groups is, as
an amino group equivalent, preferably 100 to 3,000, more preferably
500 to 2,000, particuilarly preferably 800 to 2,000. As long as the
amine group equivalent isjjléﬁch range, the epoxy-based polyamine
resinisagueous, totherebyobtain the agueous epoxy-basedpolyamine
resin (A). Whenthe agqueocus epoxy~basedpcolyamine resin (A) is used,
a coating film excellent in low~temperature curabiliity can be
obtained. When the amino group equivalent of the epoxy-based
polyamine resin is less than 100, water resistance of a coating

film to be obtained may reduce. Meanwhile, when the amino group

18



F2P-NPPOS201PCT

eguivalent exceeds 3,000, the epoxy-based polyamine resin may not
be dispersed in water te cause phase separation, which makes it
impossible to convert the coating composition inte an agqueous
composition. It should be noted that the expression "amino group
eguivalent"” as used herein is represented by a molecular weight

+£“~

of a resin solid content per primary amino group in the case where
the epcxy-based polyvamine resin has the primary amino groups
{including the case where the epoxy-based polyamine resin has the
primary amino groups and seccndary amino groups), or is representad
by a melecular weight of a resin sclid content per secondary amino
greup inthe case where the epoxy-basedpolyamine resin has noprimary

aminc group. Theaminogroupeguivalent of theepoxy~basedpolyamine

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

[6C039] For example, the agueous epoxy-based polvamine resin
(A) may be obtained by converting the epoxy-based polyamine resin
(i.2., anepoxyresinobtainedbyamine-modification) intc an aguecus
resin by neutralizaticn cf the amino groups in the epoxy-based
polyamine resin with an acid. The kind of the acid and a
neutralizationratio (neutralizationratiowith respect tothe amine
groups in the epoxy-based polyamine resin kefore conversion into
an agueous resin) may be any appropriate kind of acid and
neutrallization ratio depending on a desired state of the agueous
gpoxy-basedpolyamine resin (A) (water-soluble towater—-dispersible

form;. Examplesoftheacidincludeaceticacid, formicacid, lactic
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acid, and  phosphoric acid. The neutralization ratio
{(neutralization ratio with respect to the amino groups in the
epoxy—basedpolyamineresinbeforeconversionintoaméqueousresin)
i1s preferably 10% to 100%, more preferably 10% to 70%, particularly
preferably 15% to 50%. When the neutralization ratic is less than
10%, theresinmaynot bedispersedinwater tocause phase separation,
which makes it impossible to convert the coating compesiticon into
anagueousone. Meanwhlle, whentheneutralizationratiolsadijusted

to 70% or less, a water-dispersible agusous epoxy-based polyamine

resin {A) can be obtained.

(0040 The molecular welght (number average) of the agqueous
epoxy~based pelyamine resin (A) may be any appropriate molecular
waeight depending on desired preperties of the agquescus coating
composition or desired coeoating film physical properties. The
molecular welght is preferably 500 to 20,000, more preferably 1,000
to 10,000 interms of standard polystyrene measuraed by gel permeation
chromatography {GPC). Aslongasthemolecular weight of the agueous
epoxy~pased polyamine resin (A) is in such range, the acueocus
epoxy-based polyamine resin (A) can react efficlently with the
compound (B} because the resincan bemizedeasiiywith the compcocund.
Inaddition, aslongasthemolecularweight of the agueousepoxy-based
polyamine resin (A) is in such range, a coating film excellent in
corrosion resistance, water resistance, and adhesive property can

be obtained.

20
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[0041] The agqueous coating compositioncf the present invention
may include two or more kinds of the aguecus epoxy-based polvamine

resins (A).

(6042 The aqueocus coating compositionof the present invention
preferably includes, as the aguecus epoxy-based polyamine resins
(A), the agueous epoxy-based polyamine resin {(Al} obtained by
amine-modificationof theepoxyresin (al) havinganepoxyeguivalent
of 400 to 1,500 and the aguecus epoxy-based polyamine resin (AZ2)
obtained by amine-modification of the epoxy resin (a2) having an
epoxy equivalent of 2,000 to 3,200, A mass ratio of the epoxy resin
{al}) having an epoxy eguivalent of 400 to 1,500 and the spoxy resin
(a2) havinganepoxyequivalentof2,000tc 3,200 (al/a2) ispreferably
8/2 to 2/8, more preferably 7/3 to 3/7. As long as the ratio is
in suchrange, it ispossible toobtainanaqueous coating composition
capablecof forminga coating filmexcellentininitial rainresistance

and water-resistant adhesive property.

To043] The properties of the agqueous ceoating composition and
coating film physical properties can be controlled by the molecular
weight of the agueous epoxy-based polyamine resin (A) and the amount

of the aminc groups therein.

100447 C. Compound (B)
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The compeound (B} used in the agquecus ceating composition of
the present inventicon has cone or mere (methjacryloyl groups in a

nmolecule.

160457 The moleculaﬁ‘weight of the compound (B} is preferably
1530 or more and 2,000 or lass, more preferably 200 or more and 1, 700
or less, particularly preferably 250 or more and 1,300 or less.
ks long as the molecular weight of the compound (B) is in such range,
the aquecus epoxy-based poelvamine resin {(A) and Lthe compound (B)
canbe easilymixedwithout using a special mixing device, tTo thersby
obtain an aqueous coating composition excellent in dispersibility.
As a result, the agueous epoxy-based polyamine resin (A) and the
compound {B) canreact witheachotherefficiently, tothereby obtain
an aguecus coating composition excellent in curability. It should
be noted that the molecular weight of the compound (B) can be

calculated from its chemical formula.

[00446] The number of the (meth)acrylovl groups in the compound

(B}

ot

g lormeore, preferably 2 to d. The number of the {meth)acryloyl
groups in the compound (B) may be determined depending on desired

cocating film physical properties.

[0047] The visceosity of the compound {(B) at 25°C is preferably
3,000 mPa-s or less, more preferably 50 mPa's to 3,000 mPa-s,

particularly preferably 50 mPa-s to 2,200 mPa‘s, most preferably
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50 mPars to 1,100 mPa+s. As long as the viscosity ¢f the compound
(B} is in such range, the agueous epoxy-based polyamine resin (A)
and the compound (B) can be easily mixed without using a special
mixing device, to thereby obtain an agqueous coating composition
excellent in dispersibility. 25 a result, the agueous epoxy-based
polyamine resin (&) and the compound (B) can react with each other
efficiently, to thereby obtain an agqueocus ccating composition

excellent in curability.

048] Examples of the compound (B) include: polymerizable
unsaturated monccarboxylic acid ester compounds of polyhydric
alcchols such as ethylene glycol diacrylate, ethylene glycol
dimethacrylate, triethylene glycol diacrylate, triethylene glycol
dimethacrylate, tefraethylene glycol diacrylate, tetraethylene
glycol dimethacrylate, 1,3~pbutylene glycol diacrylate,
1,3-butylene glycol dimethacrylate, trimethvlcolpropane
triacrylate, trimethylolpropane trimethacrylate, 1,4-butanediol
diacrylate, 1,4-butanediocl dimethacrylate, neocpentyl glycol
diacrylate, neopentyl glycol dimethacrylate, 1,6-hexanediol
diacrylate, 1, 6~hexanediol dimethacrylate, pentaerythritol
diacrylate, ©pentaerythritol dimethacrylate, pentaerythritol

triacrylate, pentaerythritcol trimethacrylate, pentaerythritol

tetraacrylate, pentaerythritol tetramethacrylate, glycerol
diacrylate, glycerol dimethacryvlate, glycerol ACLOKY
dimethacrylate, 1,1,1-trishydroxymethylethane diacrylate,
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1,1, 1-trishydroxymethylethane dimethacrylate,
1,1,1-trishydroxymethylethane triacrylate,
1,1, 1-trishydroxymethylethane trimethacryvlate,
1,1,1l-trishydroxymethylpropane diacrylate, and

1,1,1-trishydroxymethylpropane dimethacrylate; adducts Dbetween
epoxy group-containing, ethylenically unsaturated monomers and
carboxyl group-containing, ethylenicallyunsaturated monomers such
as a reactlion product between glycidyl acryvlate or glycidyl
metnacrylate and acrylic acid, methacrylic acid, crotonic acid,
cr maleic acid; and poiymerizable unsaturated monccarboxyiic acid
amide compounds of pclyamines such as ethylenediamine diacrylate.

Those compounds may be used alone or in combination.

[0049] As described above, the compound (B) is preferably
capable of being easily mixzed with (capable of reacting with) the
agueous epoxy-based polyamine resin (A} . It ismore preferred that
the aquecus epoxy-based polyamipe resin (A} and the compound (B)
be used in an inhomogenecus 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 compcund (B) and the agueous
epoxy-based polyvamine resin [A) be used in different phase states.
In such states, a rapid reaction progress of the agueocus epoxy-based
polyamine resin (A) and the compound (B} can be inhibited to
appropriately adjust the reactivity. More specifically, when the

aguecus epoxy-based polyvamine resin (A) and the compound (B) are
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in an inhomegenecus state, the aqueous ccating composition before
applicationhasgoodpreservationstabilityandapplicationproperty
because both the components are hardly brought inte contact with
each other, resulting in inhibiting the reaction at ordinary
temperature. ©On the other hand, after application, a dispersion
medium (such as water) volatizes tomake it easy to bring the agueous
epoxy-based polyamine resin {A) into contact with the compound (B),
and the curing reaction proceeds even at low temperature, to thereby
form a coating film. Examples thereof include: a case where the
compound (B} is awater-soluble compound and the agqueous epoxy-based
polvamine resin (A} ls a water—-dispersible resin; a case where the
compound (B}  is self-emulsifying or i1s converted into a
water-dispersiblie form with a dispersant; and a case where the
compound (B} isemulsified or dispersedwith the aguecus epoxy~based
polyamine resin (A). It should be noted that a determination of
whether the compound (B) 1s "water-inscluble," "water-soluble,”
or "self-emulsifying” can ke made by: adding 5 g of the compound
(B} to 100 g of water at room temperature; stirring the mixture
(2.g., for 3 minutes); allowing the mixture to stand still {e.qg.,
forbminutes); andthenobservingitsstatevisually. Afteralliowing
the mixture to stand still, if the mixture contains a precipitate,
the compound 1s judged to bhe "water-insoluble,”™ 1f the mixture
contains no precipitate and is ¢lear, the compound is judged to be
"water-soluble,”" and if the mixture contains no precipitate and

o~

is turbid, the compound is Jjudged to be "self-emulsifving." In
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addition, if the mixture contains no precipltate and is turbid after
the same operation as above has been performed in the co-presence
cof a dispersant, the compound 1is judged to be "converted into a

water~dispersible form.”

[CG050] In the case where the compound (B) has been modified
by, for example, polyethylene oxide, the compound may be converted
into a water-soluble or self-emulsifying compound by increasing

the ethylene oxide addition mole number to enhance ifs

(0051 Exampies of the compound (B} that is water-soluble
include ethoxylated bisphenol A dlacrylate (EC 30mol), ethoxylated
trimethylolpropane triacrylate (EO 20 mol), ethexylated
rimethylclpropane triacrylate (EOC 30 mol), ethoxylated
pentaerythritel tetraacrylate (EOC 35 mol), ethoxylated glycerin
triacrylate (EC 20 mol), and etheogylated bisphenol A dimethacrylate
(BEO 30 mol). They may be used alone or in combination. It should
be noted that, for example, the expression "EO 30 mol™ as used herein

means that 30 ethylene oxide groups are contalned in a molecule.

[0052] Examples cf the compound (B) that is self-emulsifvyving
or may he converted into a water-dispersible formwith a dispersant

include polyethylene glycol #400 diacrylate (EO9mol), polyethylene

ot

glycol #6000 diacrylate (EO 14 mol}, polyethylene glycol #1000
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diacrylate {EO 23 mol), ethoxylated bisphenol A diacrylate {(EC 10
mol), ethoxylated bisphenol A dlacrylate (E0 20 mol), ethoxylated
glycerin triacrylate (EQO 9 mol), and polyethylene glyvcol #1000

dimethacrylate (EG23mol). Theyvmayvbeusedaloneor incombination.

[0C53] Examples of the compound {B} that may be emulsified or
dispersed with the aquecus epoxy-based polyamine resin (A) include
polyethylene glycol #200 glvcol diacrylate (EO 4 mol), ethoxyliated
pisphenol Adiacrylate (EC3mol), ethoxylatedbisphenol Adiacrylate
(BG4 mol), propoxylated bisphencl A diacrylate [P0 3 moly,
1,1l0-decanediol diacrylate, tricvyclodecanaedimethanol diacrylate,
ethoxylated Z-methyl-1,3-propanediocl diacrylate (EO 2 molj,
neopentyl glycol diacrylate, i, 6-hexanediocl diacrylate,
1, %-nonanedicldiacrylate, dipropyleneglycol diacrylate (PO2Zmol},
tripropylene glycol diacrylate (PO 3 mol), polypropylene glycol
#400 diacrylate (PO 7 mol), polypropylene glycol #700 diaérylate
(PC 12 mol), ethoxylated trimethylolpropane triacrylate (EO 3 mol),
ethoxvylated trimethylolpropans triacrylate (EQ 9 mol),
trimethylolpropane triacrylate, propoxylated trimethyliolpropane
triacrylate (PC 3 mol), pentaerythritol triacrylate, ethoxylated
pentaecrythritel tetraacrylate (EO 4 mol), ditrimethylolpropane
tetraacrylate, propoxylated pentaerythritcl tetraacryvlate (PO 4
mol), propoxylatedbisphencl Adiacrylate (PO4mol), ethyleneglycol
dimethacrylate (EO 1 mel), diethylene glycol dimethacrylate (EO

Zmol), triethylene glycol dimethacrylate (EOC 3mol), tetraethylene
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giycol dimethacrylate {(E0 4 mol), pelyethylene glycol #400
dimethacrylate (EO S mol), polyethylene glyccel #600 dimethacrylate
{(EC 14 mol), 1,3-butanedicl dimethacrylate, 1,4-butanediol
dimethacrylate, 1,6-hexanediol dimethacrvlate, 1,9%9-nonanediol
dimethacrviate, ethoxylatedbisphencl Adimethacrylate (EO2.6mol),
ethoxylated bisphenol A dimethacrylate (EO 4 mol), ethcxylated
bisphencl & dimethacrylate (EO 6 mel), ethoxylated bisphencol A
dimethacrylate (EO 10 mol), ethoxylated bisphenol A dimethacrvlate
(EC 17 meol), neopentyl glycol dimethacrylate, ethoxylated
polypropylene glycol #700 dimethacrylate (PO 12 mol, EC 6 mol),
giycerin dimethacrylate, tripropylene glycol dimethacrylate (PO
3 mel), polypropylene glycol #400 dimethacrylate (PO 7 molj},
trimethylolpropans trimethacrylate, and ethoxylated
trimethylclpropane trimethacrylate (EOC 9 mol). They may be used

alone or in combination.

(00547 The compcund (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 agquecus coating composition and a coating £ilm to be obtained
can be controlled. For example, the curabllity can be controlled
by mixing a compound (B) having two {meth)acryvloyl groups and a
compound {(B) having three {(meth)acryloyl grcoups. Further, when a
mixture of a water~soluble compound (B} and a water~inscluble

compeound (B) 1s used, the water-insoluble compound (B} can be easily
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introduced into a reaction system by the water-scluble compound
(B} . Further, the resultant ccating material is excellent in
low-temperature curability. Examples of the water-insoliuble
compound {B) include a compound which is not completely soluble
in water, such as propoxylated bisphencl A diacrylate (PO 4 mol).
A mixing ratio of tThe water-soluble compound (B} and the
water-insoluble compound (B) (water-soluble/water-insoluble} is

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

[0055] D. Alkoxysilane compound (C)

Trhe aqueocus ccoating composition of the present invention
includes the alkoxysilane compound (C). As long as the agueous
cecating composition includes the alkoxysilane compound {(C), a
coating £llm excellent in adhesive property to a substrate can be
obtained. The cecating film formed using the aqueous coating
composition of the present invention is excellent in adhesive
property to a substrate even if the coating film is formed at low
temperature. Such coating film which is formed using the agueous
coating composition of the present invention excellent in adhesive

property to a substrate exhibits excellent corrosion resistance.

[0056] The alkoxysilane compound {(C) has a functional group
having reactivity to or affinity for an organic substance and a
functional group having reactivity to or affinity for an inorganic

substance. Therefore, as the agueous coating compoesition of the
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present invention includes the alkoxrysilane compound {(C}, it is
possible to ilmprove the adhesive property of a formed coating film
(organic substance) and a substrate (incorganic substance).
Examples of the functional grcup having reactivity to or affinity
for an organic substance include a vinyl group, an epoxy group,
& methacryl grcoup, an amino group, and a mercapto group. On tha
other hand, the functional group having reactivity to or affinity
for an incrganic substance is preferably a functional group which
can pe hydrolyzed, and examples thereof include a methoxysilane

group, an ethoxysilane group, and a propoxysilane group.

[0057)] Part of the alkoxysilane compound {C) may be subjected
tohydrolysisand/orhydrolysisdehydrationcondensation., Specific
éxamples thereof include: v-glycidoxyalkyltrialkoxysilanes such
as y-glycidozxypropylirimethoxysilane,
v-glycidoxypropyltriethoxysilane, and
v-glycidexypropoxyirimethoxysilane;
yv-aminopropyltrialkoxyvsilanes such as
y-amincpropyltriethoxysilane and vy-aminopropvltripropoxysilane;
and N-phenyl-vy~aminoalkyltrialkoxysilanes such as
N-phenyl-y-aminopropyltrimethoxysilane,
N-phenyl-vy-aminopropyliriethoxysilane, and
N-phenyl-y-amincpropylitripropoxysiiane. CFf those, preferred are
v~glycidoxyalkyltrialkexysilanes, y-aminopropyltrialkoxvsilanes,

and N-phenyl-y-aminoalkyltrialkoxnysilanes, more preferred are
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v-glycidoxyalkyltrialikoxysilanes and
yv-aminopropyltrialkoxysilanes, and particularly preferred are
v-glycidouyalkyltrizlkoxysilanes. They may be used alone or in

comblnation.

[0058] 5. Method of forming ccating film

The agqusous coating conmposition of the present invention can
be suitably used in an inner or outer plate part of a ship and a
submerged structure in seawater or freshwater. Specifically, an
inner or outer plate part of a ship such as deck, hatch coaming,
upper structure part, hull part, engine room, living guarter, or
“car hold; and a submerged structure in seawater or freshwater, such
as apipingmaterial canbeusedas anchject tobe coated {substrate).
As g material for the substrate, there may be given, for example,
ametalmaterial suchasaniron-~based, zinc-kased, or aluminum-based

material.

00591 As a method of applying the aguecus coating composition
cf the present invention, any appropriate application method may
be employed. Examples ¢f the applicatiocon method include airless
application, air spray, brush application, trowel application, and
roller application. Of these, airless application is preferred.
When the composition is applied by the airless application, a thick
coating film can be obtained. In additicn, the coating f£ilm nmay

be formed by applying the composition several times (e.g., Two or
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three times). Whenthe compositionisappliedseveral times, athick

coating film having a good outer appearance can be formed.

[0060] In application of the aguecus coating composition of
thepresent invention, the thicknessof thecoatingfilmispreferably
50 um to 250 um, more preferably 50 um to 200 um, in terms cof dried
coating £ilm. When the thickness of the dried coating film is more

than 250 um, a problem such as dripping may occur in formation of

[0061] A method of drving the aguecus coating composition of
the present invention may be any appropriate drving method. The
method is preferably natural drying or heat drying. In the case
cf natural drying, the drying time is preferaply 24 hours or more,

more preferably 1 week or more,

[0062] After formation of the ceoating film using the agueous
ccating composition of the present invention, a top coating layer
may be formed on the coating film by further applying a top coating
material. According to the present invention, it is possible to
provide Suchxﬂ@thod.of forming a multilayer cecating film, When the
top coating laver is formed, a coating £filmhaving improved corrosion

resistance and outer appearance can be obtained.

[0063] Any appropriate coating material may be adopted as the
Y
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top ceating material., Examples of the top coatingmaterial include
an apoxy/amine-based coating material, a two—componeant
urethane-curable coating material, a ocne-compenent

urethane—curablecoatingmaterial, andacoatingmaterial containing
a carbodiimide curing agent. The top coating material may be
solvent-based or agueous. The Top coating material is preferably
agueous. When the top ceocating material 1s agquecus, a load on the

environment can be reduced in formation of the coating film.

[0064] The thickness of the top ceoating laver may ke set to
any appropriate thickness depending on the kind of the coating
material and the purpose of cecating. Typically, the thickness is

10 pm to 300 pym in terms of thickness of a dried coating film.

[00a5] An intermediate coating layer may be formed between the
coating film formed using the agueous coating composition and the
top coating layer. The intermediate coating layer may be formed
by applying an intermediate coating material on the coating film
formedusing the agusous coating composition. Whenthe intermediate
coating layver is formed, a coating f£ilm having further improved

corrosion resistance can be obTtalined.

[0066] Any appropriate coating material may be adopted as the
intermediate coating material. Examples of the intermediate

coating material include an epoxy/amine-based coating material,
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a two-component urethane-curable coating material, and a
one-component urethane—-curable coatingmaterial. Theintermediate
coatingmaterial may be seolvent-based or aguecus. The intermediate
coating material 1is preferably aguecus. When the intermediate
coating material is aqueous, a load on the environment can be reduced

in formation of the coating film.

10067 ] The thickness of the intermediate coating layer may be
set to any appropriate thickness depending on the kind of the coating
material and the purpose of coating. Typically, the thickness is

10 um to 20 um in terms of thickness of a dried coating film.

[GO68] Before formation of the coating film using the agqueous
coating composition, an undercoat layer may be formed by applying
an undercoating material on a substrate. When the undercoat layer
1s formed, a coating film having improved corrosion resistance can

be cbtained.

00691 Any appropriate coating material may be adopted as the
undercoating material. Examples c¢f the undercoating material
include an organic or inorganic zinc-rich coating material. The
underceating material may be solvent-based or agueous. The
undercoatingmaterial is preferably agueous. When the undercoating
material i1s aqueous, a load on the envircnment can be reduced in

formation c¢f the ccating f£ilm.
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[0070] The thickness of the undercoating layer may be set to
any appropriate thickness depending on the kind of the coating
material and the purpcse of coating. Typically, the thickness is

20 um to 300 um in terms of thickness of a dried coating £ilm.

[0071] The fTop ccating material, the intermediate coating
material, and the undercoating material may each contaln a pigment,
an additive, and the like. Examples of the pigment and the additive
include the pigments and additives described in the above-mentioned
secticon A. The number, kinds, and amounts of pigments and additives

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

100727 As an application method and drying method for each of
the Lop coating material, the intermediate coating material, and
the underceoating material, any appropriate methods may be adopted
depending on the kind of the coating material to be used. Examples
cof the application method and drying method for each of the top
coating material, the intermediate ccating material, and the
underceating material include the same methods described above for
the application method and drying method for the azqueocus coating

compositiocn.

Examples

[0073] Hereinafter, the present invention is described in more
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detail by way of examples. However, the present invention i1s not

limited to the examples. It should be noted that, unless octherwise

* ¥

specified, "part(s)" and "&" in the examples are on a mass basis.
[0074] (Production Example 1) Production of agueous
epoxy-based polyamine resin (A)I

702 parts of a raw material resin having an epoxy egquivalent
of 188 ¢/equivalent, which was synthesized from bisphencl A and
epichlorchydrin, 269 parts cf bisphencl A, 108 parts of a dimer
acid, and 190 parts of methyl iscbutyl ketone (hereinafter, referred
toas "MIBK™) were fed Lo a reactor equipped witha stirrer, a cooler,
& nitrogen injection tube, and a thermometer, and the mixture was
allowed to react at 117°C in the presence of 1 part of
benzylidimethylamine until the epoxy equivalent reached 1,079
g/eguivalent, to thereby obtain an epoxy resin. After that, 255
parts of a ketimine compound of aminoethylethanclamine (73 mass%
MIBK soluticn) 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 nonvolatile content of 75% was achieved, to therehy

ocbtain an epoxy-based polyamine resin having an amino group

equivalent cof 1,184,

Acetic acid was added thereto so 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, a mixiture 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)I (specific gravity {(solid content) 1.2 g/cm’).

[0G75] (Production Example  2) Production of agueous
epoxy-based polyamine resin (A)TII

742 parts of the rawmaterial resin having an epoxy equivalent
of 188 g/equivalent, which was synthesized from bisphenol A and
epichlorohydrin, 336 parts of bisphencl A, and 190 parts of MIBK
were fed to a reactor eguipped with a stirrer, a cooler, a nitrogen
injecticn 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 (73 mass% MIBK solution} were added thereto,
andthemixturewasallowedtoreactat 117°Cfor lhour. Subseguently,
27 partsctf ion-exchange water and 188 parts of glycidyl neodecanocate
{manufactured by Hexion Specialty Chemicals, Inc., Ltrade name
"Cardura £10~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
cbtain an epecxy-based polyvamine resin having an anmino group

equivalent of 1,083,
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Acetic acid was added thereto so that a neutralization ratio
(neutralization ratio of the resin based on amino groups) of 35.0%
was achieved, and the mixzxture 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 achleved, to thereby

repare a milky white aguecus (water-dispersible] epoxy-based

polyamine resin (AYIT (specificgravity (solidcontent) 1.2 g/cnﬁ).

[0076] {Production Example 3} Production of agueous
epoxy~based polyamine resin {A)ILII

525 parts of the rawmaterial resin having an epoxy equivalent
of 188 g/eguivalent, which was synthesized from pisphencl & and
epichlcorchydrin, 205 parts of bisphenol A, and 110 parts of MIBK
were fed fto a reactor equipped with a stirrer, a cooler, a nitrogen
injection tube, and a thermometer, aznd the mixture was allowed fo
react at 117°C in the presence of 1 part of benzyldimethylamine
until the epoxy eguivalent reached 730 g/eguivalent, fo thereby
obtain an epoxy resin. After that, 350 parts of a ketimine compound
cf diethylenetriamine (72 mass% MIBK solution} were added thereto,
andthemixturewasallowedtoreactat 117°Cfor lhour. Subseqguently,
27 parts of fon-exchange water and 188 parts of glycidyl necdecancate
(manufactured by Hexion Specialty Chemicals, Inc., trade name
"Cardura ELO0~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 achileved, to thereby
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obtain an epoxy-based polyamine resin having an amino group

egquivalent of 810,

Acetic acid was added thereto so that a neutralization ratic
(neutralization ratio of the resin based on aminc groups) of 20.0%
was achieved, and the mixture was diluted with icon-exchange water.
After that, a mizture of MIBK and water was removed under reduced
pressure until a solid content of 40 mass% was achieved, to thereby

A3

prepare a milky white agueous (water-dispersible) epoxy-based

polyamineresin(A)III(specificgravity(solidcontent)E.Zg/cm%‘

[(0077] (Production Example 4) Production of agqueous
epoxy-based polyamine resin (A)IV

1,%40partsof therawmaterial resinhavinganepoxyeguivalent
of 188 g/eguivalent, which was synthesized from bisphenol A and
epichlorohydrin, 1,060 parts of bisphenol A, and 550 parts of MIBK
were Ted to a reactor egquipped 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 8 parts of benzyldimethylamine
untill the epoxy equivalent reached 3,000 g/eguivalent, to thereby
cbtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK solutlon) were added thereto,
andthemixturewasallowedtoreactat 117°Cfor Lhour. Subsequently,
1,060 parts of dipropylens glycel monobutyl ether (hereinafter,

referred to as "DPnB"} were fed thereto, and the mixture was allowed
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to react at 100°C for 2 hours. After that, the mixture was diluted
with MIBK until a nonvelatile content of 75% was achieved, to thereby
obtain an epoxy-based polyamine resin having an amino group

equivalent of 1,550.

Acetic aclid was added thereto so that a neutralization ratio
{(neutralization ratio of the resin based on amino 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
prassure until a solid content of 40 mass% was achleved, to thereby
prepare a milky white aqueous (water-dispersible} epoxy-based

polyamine resin (A)IV (specific gravity (solid content) 1.2 g/cm®).

(00781 (Production Examples 5 to 7)) Production of agueous
epoxy-based polyamine resins (A)V to VII

Agqueocus epoxy-hased polyamine resins (A)VioVII were prepared
in the same manner as in Production Example 2 except that the
neutralization ratio was changed as shown in Table 1 below. The
agueous epoxy-based polvamine resins (A}V to VII were each found

to have a specific gravity (solid content} of 1.2 g/cm’.

[00749] (Production Example 8) Production o¢f agueous
epoxy-based polyamine resin {(A)VIII
1,440partsof therawmaterial resinhavinganepoxyequivalent

of 188 g/equivalent, which was synthesized from bisphenol A and
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epichlorchydrin, 760 parts of bisphencl A, and 388 parts of MIBK
were fed to a reactor equipped with a stirrer, a ceoler, a nitrogen
injection tube, and a thermometer, 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/equivalent, to thereby
obtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass$% MIBK solution) were added thereto,
and the mixture was allowed to react at 117°C for 1 hour. After
having been allowed tc react at 100°C for an additicnal 2 hours,
the mixture was diluted with MIBK until a nonvclatile content of
75% was achieved, to thereby obtalin an epoxy-based pelyamine resin

having an amino group equivalent of 1,150.

Acetic acld was added thereto so that a neutralization ratio
(neutralization ratio of the resin based on amino groups) of 40.0%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBXK and water was removed under reduced
pressure until a3 solid content of 40 mass% was achileved, to thereby
prepare a milky white agquecus (water-dispersible) epoxy-based

polyamine resin (R)VIII (specificgravity (solidcontent) 1.2g/cm’).
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Production Froduction Production Froduction Production Production Froduction Froduction
Example Example Example Example Example Example Example Example
X 2 3 4 5 9 L 8
AQueocus epoxyvbasegopolyamlne resin (A} T 11 1T 1 v vi vII ViII
RBlending amount (part({s}) T
amount of raw material resin 702 742 525 1,940 742 742 742 1,440
t?’ Bisphenol A 269 336 205 1,060 336 336 336 760
't SRS S FEE NEUDY (URDSPNS . -
o E Dimer acid 108 - - - - - - _
5 ] SN SOV e -
° g MIBK iga¢ 190 110 530 190 130 190 3es8
Lt ] e i -
o & Bepzyldimethylamnine 1 1 1 il 1 1 1 3
[ -
o —
o
o o - - - i
a tetimine compaund of 265 B ~ ~ - N _ .
e ﬁpig@ethylethanclamine . i . i ) ; N
8 Kerimine  compound  of - 30 350 350 350 359 350 350
@ _giethylenetriamine - — e .
o
F R DU WD S . -
':é Ton-exchange wabter - 99 27 - 27 27 29 .
& “Giyeidyl necdecancats o , Tag 188 - 188 188 188 N
D’}’?nB - - - 1,060 - - -~ -

" nweutrzlization ratio (%) i 35 35 20 40 160 65 28 18
Solid content {(massi} 40 44 40 40 19 A0 40 40
Epory equivalenb of epoxry Tesin o 1,079 1,079 730 3,000 1,079 1,079 1,679 2,200
Amino group equivalent of aguecus 1,164 1,003 810 1,550 1,093 1,093 1,083 1,150
epoxy-based polyamine resin
State Water-disper | Water-disper | Water-disper | Water-disper | Water-solubl water-disper | Water-disper | Water-disper

sible sible sible sible @ sible sible sible
Quter appedarance Milky white Milky white Milky white Milky white Cleay Milky white Milky white Milky white
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10081 {Preduction Example ©) Production of epoxy-based
polyanine resin |

An epoxy-based polyamine resinwas prepared in the same manner
as in Production Example 2 except that the neutralization ratio
was changed tc 5%. Theepoxy-basedpclyamine resinwas not converted

into an agqueous resin and caused phase separation in water.

(00821 (Production Example 10} Production of epoxy=-based
polyvamine resin

2,560partsortherawmaterial resinhavinganepoxyeqguivalent
of 188 g/equivalent, which was synthesized from bisphenocl A and
epichlorchydrin, 1,439 parts of bisphenol A, and 70¢ parts of MIBK
were fed to a reactor equipped with a stirrer, a cooler, a nitrogen
injection tube, and a thermomseter, and the mixture was allowed t
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 epoxry resin., After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK solution) 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 achleved, to thereby obtain an epoxy-based polyamine resin

having an amino group equivalent of 2,050,

Acetic acid was added thereto so that a3 neutralization ratio
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{neutralization ratic of the resin based on amino groups) of 40.0%
was achleved, 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
prepareeﬂlepoxy—basedpolyaminereéin. The epoxy-based polyamine
resin was not converted into an agueous resin and caused phase

separation in water.

(0083] (Examplie 1)
{Production of base resin liguid for coating material)

2.5 parts of talc (manufactured by FUJT TALC INDUSTRIAL CO.,
LTD., trade name "TALC SP 42," specific gravity: 2.7 g/cm?), B9.5
parts of calcium carbonate {(manufactured by MARUO CALCIUM CO., LTD,
tradename " NGround CalciumCarbonate, " specificgravity: 2.7 g/cm’)
172 parts of titanium oxide (manufactured by Du Pont, trade name
"TI-PURR706," specific gravity: 4.3 g/cm’), 25 parts of an anti-rust
pigment {manufactured by Toho Ganryo Kogyo Co., Ltd., trade name
"EXPERT NP1055C, " specificgravity: 2.3 g/cm’), 4 parts of a defoamer
{manufactured by SAN NOPCO LIMITED, trade name "3SN Defoamer 154,"
specific gravity: 1.0 g/cr’), and 32 parts of a pigment dispersant
{(manufactured by BYK, trade name "BYK-190," specific gravity: 1.0
g/cm’) were added to 110 parts of water, and the mixture was stirred
with a disper for 30 minutes, to thereby produce a pigment-dispersed
paste. 400 parts of the agueous epoxy-based polyamine resin (A} T

obtained in Preduction Example 1, 24 parts of DBnB, and 1 part of
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an associlated thickener (manufactured by ADECA CORPCRATICON, trade
name "Adecancl UH-420" were added to 500 parts of the pigment paste,
and the resultant was mixed, o thereby obtain a base resin liguid

for a coating material I.

{Production of curing agent)

40 parts of water, 10partsof DPnB, and 30 partsocf polyethylene
glycol #400 dimethacrylate {EQO 9 mol) (viscosity (25°C): 58 mPa-s,
molecular welght: 5068, number of functional groups: 2, acryioyl
group equivalent: 254} used as the compound (B) were mixed, and
themixturewas stirredusinga homogenizer for 10minutes, to thereby
obtainacuringagent I. It shouldbenotedthat the specificgravity

-

of the solid content in the curing agent I was found to be 1.2 g/cm’.

(Production of agueous coating composition)

4.8 parts of an SPORY silane coupling agent
(3~glycidoxypropyltrimethoxysilane; manufactured by Shin-Etsu
Chemical Co., Ltd., trade name "KBM—-403") used as the alkoxysilane
compound (C) were added to 40 parts of the curing agent I, and the
curing agent was then homegeneously mixed with 500 parts of the
base resin liquid for a coating material I, to thereby obtain an

agueous coating composition 1.

foog4] (Examples 2 to 22)

Agueocus coating compositions were obtained in the same manner
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as in Example 1 except that the kinds and blending amounts of the
base resin liquid for a coating material I, curing agent I, and

alkoxysilane compound (C) were changed as shown in Table 2 or Table

3.

It shouldbenotedthatbaseresinliquidioraccatingmaterials
Il to VILI were obtained in the same manner as in Example 1 except
that aguecus epcxy-based polyamine resins {(A) shown in Table 4 were

used instead of the aqueocus epoxy-based polyamine resin (A)I.

Curing agents II to IX containing compounds (B) were cbtained
according to the curing agent production method of Example 1 using
the compounds {B) shown in Table 5 at blending ratios shown in Table
5 by mixing methods shown in Table 5. It should be noted that a
nonionic emulsifier (manufactured by Nippon Nyukazai Co., Ltd.,
trade name "Newcol 740") was used as an emulsifier in sach of the
curing agents 17, IV, V, VIII, and IX. Table 5 shows the viscosity
at 25°C, meolecular weight, number of functional groups, acryloyl
group equivalent, and properties {self-emulsifying,
water-insoluble, or water-soluble) of the compound (B) used in sach
of Examples., The properties of the compound (B} were evaluated as
follows. At room temperature, 5> g of the compound (B) were added
to 100 g of water, and the mixture was stirred and allowed to stand
still, followed by visual observation. I the mixture contained

a precipitate, the compound was evaluated to be "water~inscoluble,”
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if the mixture contained no precipitate and was c¢lear, 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." It should be noted that the specific gravity
of the solid content in each of the curing agents IT to IX was found

to be 1.2 g/cm’.

A an aminosilane coupling agent used as the alkoxysilane
compound (Cy, N-aminoethyl-y-aminopropyltrimethoxvysilane
(manufacturedby Shin~-EtsuChemical Co., Ltd., trade name "KBM-603")

was used.

[0085] (Comparative Examples 1 to 3)

Aguecus coating compositions were obtained in the same manner
as in Example 1 except that the curing agent II was used in blending:
amounts shown in Table 3 instead of 40 parts of the curing agent
I, and the blending amount of the epoxy silans coupling agent (4.8

parts) was changed as shown in Table 3.
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{00896] [{Table 2]

Example
11

Example

Example 3 Example 7
P wERP 12

Example 4E Example 51 Example & Example 81 Example ¢

Example li Example 2 ! Example

10

Ho. Blending amount {parts
I 500 500 500 5G0 500 N

5 ) 11 500 ) 500 500 500 500 350
ase resin TIT - 55

liquid for v ] 150
coating -

material ]
VI

VIii
VIIL B
No. #lending amount (parts)
I a0 )
11 20
113 10
Curing agent v 95 . 75
\ 45 60
Vi 65
VIl 490
VI : 60
1% ) 20
Blending amount (parts

farl
R

Epoxysilane
coupling 4.8 4.6 4.6 5.1 4.8 5.0 4.8 4.9 4.6 4.9 5.0 4.7
agent
Aminosilang
coupliog
agent
Mass ratic of epoxy resin {al)
having epoxyequivalent of 400
ta 1,500 and epoxy resin {a2) 10/0 10/0 10/G 10/0 10/0 10/0 1079 1070 10/0 10/0 1o/0 7/3
having epoxy eguivalent of
2,000 to 3,000: alfaZ
Equivalent rablio of amino
groups in aqueous epoxy-based
polyamine resin (h) and 1.1 1.3 0.7 1.3 1.5 1. 1.3 i. 0.3 1.8 1.2 1.1
{methlacryloyl groups in
compound {B} ({(meth}acryloyl
| groups/amine groups)
Content ratio of alkoxysilane
compound (2) in solid content 1.5 i.5 1.5 1.5 1.5 1.5 1.5 B3 1.5 1.5 1.5 1.5
of agueous coating
composition {%)
rigment volume concentration
{%) .
Low-temperature curability A A B A A A A n A A A A

Alkoxysilane
compound {(C}

.
[h
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Penicil hardness

HE

H

2B

=)

i

Ha

HB

H

HA

28

HB

HE

initial rain reaistance

A

Corresicon
resistance
evaluation

Grit blasted
steel sheet

o

Shop primex
steel sheel

=

Alumi num
steel sheet

Zinc~plated
steel sheel

Corrosion
rasistance
evaluation

Grit blasted
steel sheet

Shop primer
steel sheet

Aluminom
steel sheet

Zinc-plated
steel sheet

A

Top ceating
property
evaluation

Top ceating
with
oil-based
coating
material

Top coating
with
urethane-has
ed codting
material

with
epoxy-based
coating
makterial

Top ceating

Top coating
with agueous
epoxy-based
coabing
material

Top ceoating
with agueous
urethane-bas
ed coating

material
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focs?} [Table 3]
Compara Compara Compara
Example Examplie Example Example Txrample Example Example Example Example Exanple tive tive tive
13 14 15 16 17 18 18 20 21 22 Example | Bxample Fxample
1 2 3
To. - Blending amount (parts) ’
I SQU 500 500
Base resin |- 1 15¢ -
L T 111
tiguid fox TV 355 500 750 750 750 750
coating
material v 500
VI 250 200 580 250 250 250
VI . 580
VIIT 300 )
Hor. Blending amounkt (parts} .
1
IT 28 20 2
iIi
) iv
Curing agent v
VI . i T
VIX
Vill 35 75 35 33 a5
X 30 36 35 35 35
Blending amount (parts}
-Epoxysjlane
Alkoxysilane cauplivnq 4.7 4.7 4.7 5.0 4.7 4.7 q.7 6.7 16.0 8.0 20 4.6
compound (T} F ‘dqar‘ﬂ.
Aminosilane
coupling q.7
agent
Massratiobetweenepoxy resin
{ai} having epoxy equivalent
of 400 to 1, 500 and epoxy resin 3/7 0/10 /5 4/6 10/0 1o/¢ Le/0 5/5 5/5 5/5 10/8 16/0 10/6
{a?) having epory equivalent
| of 2,000 Lo 3,000: al/az .
gquivalent ratio of amino
groups in agueous epoxy-based
polyamine resin (A) and 1.5 1.7 1.0 1.9 1.4 1.4 1.4 1.0 1.0 1.0 1.1 1.1 0.5
{merhjacryloyl groups in
compound (B} ({meth}acryloyl
groups/aming groups) -
Content ratioof alkoxysilane
compound (€ in soiid content | 4 4 1.5 1.5 1.5 1.5 1.5 1.5 0.2 5.9 1.5 a0 6.3 1.5
of aqueous coating
composition (%)
| Pigment volume concentration 42 42 41 3% 41 41 41 42 40 41 43 40 42
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(%)

Low-temperature curability

Pencil hazdness

2H

HB

25

jor)

HRB

i

B

HB

Initial rain resistance

Bl |

AR

Fiviy

AR

forrosion
resistance

evaluation N

Grit
blasted
steel sheet

Shop primer
steel sheeb

Aluminum
steel sheet

“dinc-plated
stael sheet

Corrosion
resistance
avaluation B

Grit
klasted
steel sheet

Shop primes

steel sheek
Aluminum

_steel sheet
Zinc-piated
stael sheel

Top ceating
property
evaluation

Top coating
wikh
oil-based
coatbing
material

Top coating
with
urethane-ba
sed coating
| material

Top ceoating
wilth
epoxy-based
coating
maberial

Top coating
with
agueous
epoxy~based
coating

 malerial
Top ceating
wilth
agqueQus
wrethane-ha
sed goating
material
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Rase resin

Agqueous epoxy-based polyamines

resin (A)

Aminc group
equivalent of

liguid for Epoxy
| - . aguecus
coating equivalent of
- . epoxy-based
material epoxy resin .
polyamine
resins
T L (Producéﬁom,Example 1,076 1,184
IT (Production .
.
II Example 2) 1,079 1,093
= o ‘
TTT I11 (-rgduqﬁlon 730 870
Example 3)
IV (Productiocon
v Example 4) 3,000 1,550
P 1ot )
. v {mroduciion xample 1,079 1,093
VI VI (Production 1,079 1,093
Fxample €)
VII (Production . a
Vil Example 7) 1,079 1,OJ3
T ctior
VITT JIII (Production 2,200 1,150

Example 8)
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(00897 [Table 5]
Curing agent Ho. T i Ti1 v v "
§ Propoxylaked Bthoxylated Propoxylated
find ?sége;?%iiizcgl¥gzé Pantaerythritol Trimethylelpropane bisphenol A bisphenel A trimethyliclpropanea
: (Fé 9 molf- acrylate acrylate diacrylate diacrylate acrylate
o {FQ 04 mol) {ED 04 mol) (PO 03 mel}
Viscosity :
7 2.2
(mpz-s) 58 G0 85 00 1,100 85
Molecular weight 508 298 296 568 512 470
Compound B Number of
functional 2 3 3 2 2 3
gIroups
Acryloyl group 254 90 a9 284 256 157
equivalent
Property Self-emulsifying Water-insoluble Water—insoluble Water-inscluble Water-inscluble Water-insoluble
Blending amount 50 50 50 50 25 25
{parkts]
DENB {(parts) 10 10 50 10 10
Water (parts} 40 35 - . 35 35
Emulsifier (parts} - 5 - 5 5
Mixing method Homogenizer Homogenizer Disper Homogepizer Homogenizer
Curing agent No. VI VIiT VIll 1X
nthexylated Ethoxylated Ethoxylated Propoxylated
incl bisphencl A glycerin bisphenol i trimethylolpropane
Blad diacrylate triacrylate diacrylate acrylate
(EQ 10 mol} - [EQ 09 mol} (B0 04 mol) {PO {3 mol}
Viscosity 620 as 1,100 a5
(mPa-s}
Molecular weight 716 650 512 470
Wumber of
Compound B functional 2 3 2 3
groups
Acryioyl group 388 217 256 157

eqgulvalent

Property Self-emulsifying Water-insoluble Water-insoliuble Water-inscluble
Blending amount 50 5g &0 50
(partsi
DPnB (parts} 10 50 10 10
Water (pazts} 40 - 35 35
Emulsifiexr (parts} - - 5 3
Mixing method Homogenizer Disper Homogenizer Homogenizer
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[0DS0] <Evaluations>
The aguecus coating compositions cbtained in the foregoing
were evaluated by the following methods. Tables 2 and 3 show the

results.

{Low-temperature curability)

The aqueous coating compositions obtained in the foregoing
were gach appliedusing an applicatoronto a 20 em=x30 cmgrit blasted
steel sheet so that a film thickness of a dried coating £ilm of
100 umwas achieved, and then allowed to stand at 5°C in an atmosphere
~of a relative humidity of 50% for 16 hcurs, to thereby obtain a

test sheet having formed thereon a coating £ilm.

A worker with a body weight of 65 kg heeled on the surface
of the resultant coating film with his safety shee for 30 seconds,
and the conditicn of the cecating film was then evaluated visually

based on the following criteria.

A: No peeled part
B: Almost no peeled part
C: Small peeled part

D: Large peeled part

(Pencil hardness)

Atest sheetwas obtained inthe samemanneras intheevaluation
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of the lew-temperature curakility. Thepencil hardness of acoating
film formed on the test sheet was measured in accordance with JIS

K 5600-5-4.

{Initial rain resistance)

The agueocus coating compositions obtained in the foregoing
were each applied onto a polished steel sheet using a brush in an
application amcunt of 200 g/m?, and dried in an environment of 5°C
for 24 hours, to thereby obtain a test sheet. The test sheet was
immersed in water at 5°C, lifted up after a lapse of 24 hours, and
allowed to stand still at 5°C for 24 hours. After that, the cuter
appearance of the coating film was visually cbserved and evaluated

based on the following criteria.

AR: No defect in outer appearance observed
A: Slight changes in luster and color buf no mark of cracking
or swelling observed

C: Mark of cracking or swelling observed

(Corrosion resistance evaluation A)

The agueous coating compositicons obtained in the foregoing
were each spray-applied onte each of a2 grit blasted steel sheet,
a zinc-plated steel sheet, an aluminum steel sheet, and a shop primer
steel sheet, sach of which had a size of 7 cmx15 cm, 50 that a dried

film thickness of 100 um was achieved, and the sheets were allowsad
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to stand at 20°C for 7 days, to thereby obtain test sheets. The
test sheets were tested for 200 hours with a salt spray testing

machine described in JIS K 5800~7-1.

After that, X-shaped cuts were made using a cutter knife so
that the cutter knife passed through the coating film on each of
the test specimens and reached each of the steel sheets, and =z
pressure-sensitive adhesive cellophane tape was attached thereto
and peeled off. The adhesive property of each of the steel sheets
and the cecating film was evaluated based on the same evailuation

criteria as those for the low-temperature curability.

(Corrosion resistance evaluation B)

The adhesivepropertyocteachofthe steel sheetsandthecoating
filmwas evaluated in the same manner as in the corrosion resistance
evaluation A except that the test sheets were immersed in water
at 40°C for 336 hours instead of the 200-hr test using the salt

spray testing machine described in JIS K 5600-7-1.

{Top coating property evaluation)

The agqueous ceoating ccmpositions cbtained in the foregoing
were each spray~applied onto a shot blasted steel sheet with a size
of 7 cmx15 cm sc that a dried film thickness of 25 to 103 um was
achieved, and the sheet was allowed to stand at 20°C for 7 davs

and then exposed to an outdoor environment for 7 davys.
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Five steel sheets each thus having formed thereon a coating
film were prepared. An olil-based ceoating material (manufactured
by NIPPON PAINT MARINE COATINGS Co., Ltd., trade name "CR Marine
Finish"), a solvent-type urethane-based coating material
{manufactured by NTPPON PAINT MARINE COATINGS Co., Ltd., trade name
"Polyuremytilac M"), a solvent-type epoxy-based coating material
(manufactured by NIPPON PAINT MARINE COATINGS Co., Ltd., trade name
"Epoxy Finish M"), an aguecus epoxy-based cecating material
(manufactured by NIPPON PAINT MARINE COATINGS Co., Ltd., trade name
YODEMARINE PF'"), or an agqueous urethane-based coaiing material
{manufactured by NIPPON PAINT Co., Ltd., trade name “ODE URE TOP")
was spray-applied onto each of the prepared steel sheets so that
a dried £ilm thickness of 35 tc 45 pm was achieved, and the sheets
were allowed to stand at 20°C for 7 days, to thereby obtain test

sheets.

The adhesive propertyofeachof the steel sheetsandthecoating
film formed using the agueous coating composition obtained above
was evaluated in the same manner as in the corrosion resistance
evaluationZ&except that the test sheets were obtained as described

above.

[ooe1] As clear fromthe results of Examples 1 to 22, the agqueous

coating composition of the present invention exhibits excellent
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low~temperature curability by containing the aguecus epoxy-based
polvamine resin (A) and the compound (B). Meanwhile, as clear from
a comparison between Exanples 1 to 21 and Comparative Example 1,
the agueous coating composition of the present invention can form
a coating film excellent in corrosion resistance by containing the

alkoxysilane compound (C).

10092] Inaddition, as clear froma comparison between Examples
1 to 22 and Comparative Example 3, when the content ratio of the
alkonysilane compound (C} is in a specific range, excellent
low-temperaturecurabilityandcorrosionresistancecanbeachieved.
Further, as clear from a comparison between Examples 1 to 21 and
Comparative Example 2, when the eguivalent ratio of the agqueous
epoxy-based polyamine resin (A) and the compound (B) is inaspecific
range, excellent low-temperature «curability and c¢orrosion

reslistance can be achieved.

+

[00983] Further, as clear from the results of Examples 12 tco
16 and 20 to 22, the agueous coating compositicon including the agueous
epoxy-based polyamine resin (A) obtained using the epoxy resin (al)

having an epoxy equivalent of 2,000 to 3,200 can form a coating

Film significantly excellent in initial rain resistance.

Industrial Applicability

[0084] The agueous coating compositioncof thepresent invention
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can be suitapbly used as an antlcorrosive coating material in an
inner or cuter plate part of a ship and a submerged structure in
seawater or Ifreshwater. Specifically, the compositicon can be
suitably used in: an inner or outer plate part of a ship such as
deck, hatch coaning, upper structure part, hull part, engine room,
living guarter, cr car hcold; a submerged structure in geawater or

freshwater, such as a piping material; and the like.
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Claims

iClaim 11 An agueous coating composition, comprising:

(A} an agueous epoxy-based polyamine resin having one or
more primary amino groups and/or secondary aminc groups in a
molecule;

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

(C) an alkoxyzilane compound;

wherein an eguivalent ratio of an amino group of the
agquecus epoxy—based.‘polyamine rresin (A) and a (meth)acryloyl
group of the compound (B} ({(meth)acryloyl group/aminc group) isg
0.7 to 2.5; and & content of the alkoxysilane compound (C) in a
sclid content of the agueous coating composgition ig 0.2 mass% to
5 massy;

wherein the agueocus coating composition is a two-component
agueous coating composition comprising a base resgin liguid for a
coating material and a curing agent,

the base resin liquid for a coating material comprising the
agueous epoxy-based polvamine resin (A) and

the curing agent comprising the compound (B} and the
alkoxysilane compound {C);

wherein the agueous epoxy-based polyamine regin (A) has an
amino group equivalent of 100 to 3,000; and

wherein the agueocus epoxy-based polyamine resin (A) is
obtained by amine-modification of an epoxy resin, and the epoxy

resin has an epoxy egulvalent of 180 to 3,800.
[{Claim 2] An agueous coating composition according to claim 1,

wherein the agueous epoxy-based polyamine resin (A) is water-

digpersible.
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iClaim 3? An agquecus coating composition according to any one of
claims 1 to 2, wherein the agueous epoxy-based polyamine resin
{A) comprises:

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

an agueous spoxy-based polvamine resin (A2) obtained by
amine-modification of an epoxy resin (a2) having an epoxy

eguivalent of 2,000 to 3,200.

[Claim 4] An agqueocus coating composition according to claim 3,
wherein a mass ratic of the epoxy resin (al) and the epoxy resin

(a2) {zal/az) is 8/2 to 2/8.

[Claim 3] 2&n adueous coating composition according to any one of
claimsg 1 to 4, wherein the agueous epoxy-based polyamine resin
(n) 1is obtained by neutralization of an amino group of an epoxy-
hased polyamine resin with an acid, and a neutralizaetion ratio

in the neutralizaticn ig 10% to 70%.

[Claim 6] An acueous coating compogition according to any one of
claims 1 to 7, wherein the compound (B} has a viscosity at 25°C

of 3,000 mPa-‘s or less.

[Claim 7] An aguecus coating composition according to any one of
claimeg 1 to &, further comprising a pigment, wherein the pigment

hag a pigment volume concentratiocn of 20% to 50%.
[Claim 81 A method of forming & c¢oating £ilm, cowmprising

applying the aguecus coating composition according to any one of

claims 1 to 7 onto a substrate surface to form a coating film.
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[Cilaim 9] A method of forming a coating film according to claim
8, further comprising applying a top coating material on the

coating film to form a top coating layer.
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