
F2P-NPP09201PCT Descript i on Title of INVENTION: WATER-BASED COATING COMPOSITION
AND PROCESS FOR FORMATION OF COATING FILM Technical Field [0001]The present invention
relates to an aqueous coating composition and a method for forming a coating Background Art
[0002)In general, a solvent-type coating material including an epoxy resin and a polyamine compound
is used as an anticorrosive 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 aqueous coating material. r,xamples of the aqueous 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 awater-soluble polyamine resin; an epoxy -resin emulsion; and an acrylic silicon resin
emulsion containinga glycidyl group and an alkoxysily1 group (Patent Documen [0003]However, in the
case of using a curing reaction of the epoxy resin and the polyamine compound, it is difficult to form a
coating filmwhichexerts practical performance at low temperature {e. g., 5C or less because the curing
reaction hardly proceeds  F2P-NPP09201PCT at low temperature. Prior Art Document Patent
Document [0004][PTLJP 11-166153 A Summary of Invention Problem to be solved by the Invention
[0005]The present invention has been made to solve the conventional problem, and an object of the
present invention is to provide an aqueous coating composition which is excellent in low-temperature
curability and capable of forming a coating film excellent in corrosion resistance. Means for solvinc the
Problems [0006]An aqueous coating composition according to an embodiment of the present invention
includes: (P) an aqueous epoxy-based polyamine resin having one or more primary aminogroups
and/or secondary amino groups in a molecule; (B) a compound having one or more (meth)acryloyi
croups in a molecule; and (C) an alkoxysilane compound; wherein: an equivalent ratio of an amino
croup of the aqueous epoxy-based polyamine resin (A) and a (math) acryloylgroupofthecompound (3)
((meth)acryloylgroup/amino group) is 0.7 to 2.5; and a content of the al,coxysilane compound (C) in a
solid content of the aqueous coating composition is 0.2  F2P-NPP09201PCT mass% to 5 mass%.
Inapreferredembodimentofthe vent on, theaqueouscoa ng composition is a two-component aqueous
coating composition comprising a base resin liquid for a coating material and a curing agent, the base
resin liquid for a coating material comprising the aqueous epoxy-based polyamine resin (A) and the
curing agent comprising the compound (3) and the alkoxysilane compound (C).         In a preferred
embodiment of the invention, the aqueous epoxy-based polyamine resin (A) is water-dispersible.
In a preferred embodiment of the invention, the aqueous epoxy-based polyamine resin (A.) has an
amino group equivalent of 100 to 3,000.         In a preferred embodiment of the invention, the aqueous
epoxy-based polyamine resin (A) is obtained by amine-modification of an epoxy resin, and the epoxy
resin has an epoxy equivalent of 180 to 3,800.         In a preferred embodiment of the invention, the
aqueous epoxy-based polyamine resin (A) includes: an aqueous 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 



aqueousepoxy-based polyamineresin(A2)obtainedby 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 aqueous epoxy-based polyamine resin (A) is obtained by neutralization of an amino
group of an epoxy-based oolyamI e resin with an acid, and a neutralization ratio in the neutralization is
to 70%.            a preferred embodiment of the invention, the compound (B) has a viscosity at 25C of
3,000 mPa.s or less.         In a preferred embodiment of the i ention, the aqueous coating composition
further includes a pigment, wherein the pigment has a pigment volume concentration of 20% to 50%.
According to ano er aspect of the presenventio , a method offormingacoatingf
lmisprovided.Themethodofformingacoating film includes applying the aqueous coating composition
onto a substrate surface to form a coating film.  F2P- NP P0920 1P CT        In a preferred embodiment
of the invention, the method of forming a coating film further includes applying a top coating material
on the coatiro film to form a top coating layer. Effects of the Invention [0007]The aqueous coating
compositionofthepresenie ion includes: (A) an aqueous epoxy-based oolyamine resin having one or
more primary amino groups and/or secondary amino groups in a molecule; (B) a compound having
one or more (meth)acryloyl groups in amolecule; and (C) analkoxysilane compound. Hence, the
aqueous coating composition of the present invention exhibits excellent low-temperature curability and
is capable of forming a coating film excellent in corrosion resistance. Description of Embodiments
[0008]A. Outline of aqueous coating composition        An aqueous coating composition of the present
invention includes: (A) an aqueous 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
(meth)acryloyi groups in a molecule; and (C) an alkoxysilane compound. In the aqueous coating
composition of the present invention, a curing reaction of the aqueous epoxy-based polyamine resin A)
and the compound (B) is caused to proceed by mixing these compounds, to Thereby allow a coating
filmtobe formed. Theaqueousepoxy-basedpolyamineresin  F2P-NPP09201PCT  (A) and the
compound (B) can undergo a curing reaction even at low temperature (e.g. , 5C or less) , and hence
the aquecus coating no position of the present invention is excellent in low-temperature curabilityIn
addition, the aqueous coating composition of the present invention can form a coating film excellent in
adhesive property to a substrate because the composition includes the alkoxysilane compound (0) .
Such excellent adhesive prop be achieved even in the case where the coating film is forme- at low
LemperaLure. [0009]The aqueous coating composition of the present invention is preferably a
two-component aqueous coating composition including a base resin liquid for a coating material and a
curing agent. It is ,referred that the base resin liquid for a coating material include the aqueous
epoxy-based polyamine resin (A) , and the curing agent include th compound (B) and the alkoxysilane
compound (0). When the aqueous coating composition of the present invenrion is used as the
two-component aqueous coating composition, an aqueous coating composition excellent in
low-temperature curability can be obtained because it is possible to select a combination of the
aqueous epoxy-based polyamine resin (A) and the compound (B) such that both of them exhibit high
reactivity to each other. [0010]Before mixing of the aqueous epoxy-basedpolyamine resin (A) and the
compound (B), the aqueous coating composition of the  F2P-NPP09201PCT present invention may be
treated, for example, by (1) diluting the compound (B) with an organic solvent, (2) g an emulsifier in the
compound (B) or emulsifying or dispersi the compound (B) with a dispersant, an emulsifier, or an
aqueous resin, or (3) dispersing the compound (B) in a dispersing element of a resin different from the
aqueous epoxy-based polyamine resin (A). When such treatment is carried out, the aqueous
epoxy-based polyamine resin (A.) and the compound (3) can be mixed without using a spe-ialmixing
device, to thereby obtain an aqueous coating composition excellent in dispersibility. As a result, the
aqueous epoxy-based polyamine resin (A) and the compound (B) can react with each other efficiently.
Further, when the treatment (2) of mixing an emulsifier in the compound (3) or emulsifying or
dispersing the compound (3) wit,ia dispersant, an emulsifier, or an aqueous resin is carried out, the
compound (3) can be treated as a nonhazardous material. [0011]Examples of the organic solvent to
be used when the compound (3) is diluted with the organic solvent include ethylene glycol mo,obutyl
ether and diethylene glycol monobutyl ether. 100121A. nonionic emulsifier or an anionic emulsifier, for
example, is used as the emulsifier to be used when the emulsifier is mixed in the compound (B), or the
compound. (B) is emulsified or dispersed witha dispersant, an emulqHfer, or an aqueous resin.
Examples of the nonionic emulsifier include a polyoxyethylene alkyl 



F2P-NPP09201PCT phenol ether, polyoxyethylene styrenated phenyl ether, a polyoxyethylene alkyl
ether, a polyc yethylene polyoxypropylene block polymer, and a sorbitan fatty acid ester. Examples of
the anionic emulsifier include a dodecylbenzenesulfonic acid salt, a dialkyl succinate sulfonic acid salt,
a polyoxyethylene alkyl ether sulfuric acid ester salt, a polyoxyethylene 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 armnoniun salt of a half ester of a styrene-maleic acid
copolymer. Examples of the aqueous resin include a sodium salt of polyacrylic acid ester.
[00131Examples of the dispersing element used when the compound (B) is dispersed in a dispersing
element of a resin different from the aqueous epoxy-based polyamine resin (A) include an emulsion
and dispersion of an acrylic resin, and an emulsion and dispersion  of a urethane resin. 10014]The
content of the aqueous epoxy-based polyamirre resin (A) in terms of a solid content is preferably 5
mass% to 95 mass%, more preferably 10 mass% to 90 mass% with respect to the total solid content
of the aqueous coating composition. [00151The content of the compound (B) is preferably 2 mass% to
30 mass%, more preferably 5 mass% to 25 mass% with respect to  F2P-NPP09201POT the total solid
content of the aqueous coating composition. [0016]An equivalent ratio of amino groups in the aqueous
epoxy-based polyamine resin (P) and meth)acryloyi groups in the compound (3) ((meth)acryloyl
groups/amino 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 curability of the aqueous coating composition may reduce. When the equivalent ratio
exceeds 2.5, the adhesive property of a coating film to be obtained may reduce. [0017]The content of
the al koxysilane compound (C) is 0.2 mass% to 5 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 aqueous coating
composition. 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 obtaining an aqueous coating
composition capable of forming a coating film which exhibits excellent corrosion resistance. It should
be noted that even if the content of the alkoxysilane compound (C) is set to 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. [0018]Theagueouscoatingcomposit-onofthepresent vention
F2P-NPP09201PCT the aqueous coating composition has an increased viscosity and can form a thick
coating film by single application. As a result, an aqueous coating- composition excellent in application
workability can be obtained since the number of application can be reduced, and capable of forming a
coating film which exhibits sufficient corrosion res t-nce can be obtained. [0019]Specific examples of
the pig/lent include: extender pigments such as precipitated barium sulfate, clay, talc, and mica; color
pigments such as titanium dioxide and carbon black; and anti-rust pigments such as zinc phosphate.
[0020]The pigment volume concentration of the pigment in the aqueous coati g composition is
preferably 20% to 50%, more preferably 25% to 45%, particularly preferably 30% to 40%. When the
pigment volumeconcentrationis less than 2 0 % , the effect of the incorporat ion of the pigment may be
insufficient, while when the pigment volume concentration exceeds 50%, the outer appearance of the
coating film maydeteriorate. The pigraent volume concentration can be calculated from the mass of the
pigment blended and the specific gravity of each component in the coating material. [00211Water,
asolvent, an additive or the likemaybe blended into the aqueous coating composition of the present
invention. Specific examples of the solventde: glycol-based solvents  F2P-NPP09201PCT such as
ethylene glycol, propylene alycol, ethylene glycol monohutyl ether, propyleneol monobubyl ether,
diethylene glycol, dioropylene glycol, diethylene glycol menobutyl ether, dipropylene glycol monobutyl
ether, and diethylene glycol d b-tyl ether; aromatic solvents such as xylene, Solvesso 100, Solvesso
150, and Solvesso 200; hydrocarbon-based solvents such as mineral spirit; and ester-based solvents
such as 2,2,4-trimethy1-1,3-pentanediol moncisob yrate (manufactured by CHISSO CORPORATION,
trade name "CS-12"), 2,2,4-trimethy1-1,3-pentarediol diisobutyrate (manufactured by CHISSO
CORPORATION, trade name "CS-16"), diethyl adipate, and diisobutyl adipate. Specific examples of
the additive Include a dispersant, a viscosity adjuster, a curing catalyst, a surface conditioner, a
defoamer, a plasticizer, a filmformi g a a TV absorbing agent, and an antioxidant. When the aqueous
coating composition of the present invention is used as a two-component aqueous coating
composition, water, the solvent, and/or the additive may be added to a base resin liquid for a coating
material or a curing agent before mixing of the base resin liquid for a coating material with the curing
agent Of may be added after mixing of the base resin liquid for a coating material with the curing
agent. Which of the base resin liquid for a coating material and the cu agent water, the solvent, and/or
the additive are/is added to may be determined based on the functions and properties expected of
them.  



[0022]B. Aqueous epoxy-based polyamine resin (A) The aqueous coating composition of the present
invention  ncludes the aqueous epoxy-based polyamine resin (A) having one or more primary amino
groups and/or secondary amino groups in a molecule. It should be noted that the concept of "aqueous"
as used herein comprehends "water-soluble" and "water-dispersible." [0023]The aqueous
epoxy-based polyamine resin (A) is preferably water-dispersible. When a water-dispersible aqueous
epoxy-based polyamine resin (A) is used, an aqueous coati composition capable of form coating film
excellent in water resistance can be obtained. In addition, in the case 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 aqueous epoxy-based polyamine resin (A) and the compound (B) can
be inhibited to appropriately adjust the reactivity, thereby obtaining an aqueous coating composition
with a long service life. More specifically, inthecasew ere theaoueous epoxy-basedpoiyamineresin (A)
is water-dispersible, inthe aqueous coatingcompositionbeforeapplication,thereactionhardlyproceeds
even at ordinary temperature, which provides good preservation stability and application property,
becausetheaqueousepoxy-based polyamine resin (A) is hardly brought into contact, 2ch the
compound (B) . On the other hand, after application, a dH spersion medium (such as water) volatilizes
to facilitate the contact between the aqueous  F2P-NPP09201PCT epoxy-based polyamine resin (A)
and the compound (B). Therefore, the curing reaction proceeds even at low temperature, to thereby
allow a coatno film to be formed. [0024]The aqueous epoxy-based polyamine resin (A) can obtained
by, for example, amine-modification of an epoxy resin. Further, when the epoxy-based polyami ne
resin obtained by amine-modification of the epoxy resin is not aqueous, the epoxy-based polyamine
resin may be converted into an aqueous resin by neutralization of an amino group with an acid, to
thereby obtain the aqueous epoxy-based polyamine resin (A) [0025]As the epoxy resin, any
appropriate epoxy resin maybe used. The resin is preferably a bisphenol A-type epoxy resin or a
bisphenoi F type epoxy resin, particularly preferably a bisphenol A-type epoxy resin. [0026]The epoxy
equivalent of the epoxy resin may be determined depending on desired coating film physical
properties. The epoxy equivalentispreferably 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 be
obtained. When the epoxy resin has an epoxy equivalent of less than 180, the initial rain resistance ofa
coating  F2P-NPP09201PCT 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 coating composition into an
aqueous one and to obtain an aqueous coating composition having sufficient
water-resistantadhesfteproperny. It shou ld be noted that the epoxy equivalent of the epoxy resin can
be determined in accordance with JIS K7236. In addition, 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 film which has not completely cured but is non-sticky is formed. When the coating
film, is poor in initial rain resistance, the coating film may break or swell by exposure to rain before the
applied coating film cures completely. The aqueous coating composition capable of forming a coating
film having high initial rain resistance is part c effectively used for an outdoor object to be coated     ch
may be exposed to rain before the applied coating film cures completely. [0027]In one embodiment,
the epoxy resin is an epoxy resin  (al) having an epoxy equivalent of 400 to 1,500. When an aqueous
epoxy-based polyamine resin (Al) obtained by amine-modification of the epoxy resin (al) is used, it is
possible to obtain an aqueous coating composition capable of forming a coating film excellent in
water-resistant adhesive property. The epoxy equivalent of the  F2P-NPP09201PCT epoxy resin (al) is
more nreferably 600 to 1,400, particularly preferably 800 to 1,300. [0028]In another embodiment, the
epoxy resin is an epoxy resin  (a2) having an epoxy equivalent of 2,000 to 3,200. When an aqueous
epoxy-based DO yamine resin (A2) obtained by amine-modification of the epoxy resin (a2) is used, it
is possible to obtain an aqueous coating composition capable of forming a coating film excellent
ininitialrainresistance. The epoxy equivalent of the epoxy resin (a2) is more preferably 2,200 to 3,000.
[0029]As the epoxy resin, two or more kinds of epoxy resins may be used in combination. [0030]As the
epoxy resin, there may be used one subjected to chain elongation through utilization of a reaction of
an active hydrogen-containing compound capable or reacting with an epoxy group with an epoxy
group to increase the molecular weight of the resin or to modify the resin. Examples of the active
hydrogen-containing compound include a bifunctional compound such as a dirner acid, diamine, or
polyether polyol [0031]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 introduced into the resin and allows
the number  F2P-NPP09201PCT 



or epoxy groups to be reduced, thereby reducing sites to be amine-modified to lower a reactivity, for
example. [0032]The epoxy-based polyamine resin can be obtained through modification of the epoxy
resin by any aporoprThte modification method. Examples of the modification method include: a
method involving adding a primary amino croup-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 obtained as described above as one or more primary amino groups and/or secondary
amino groups, and secondary hydroxyl groups i a molecule . The epoxy-based polyamine resin may
be a resin obtained by a reaction of part of the primary amino groups, secondary amino groups, and/or
hydroxyl groups in the epoxy-based polyamine resin with a compound having functional group such as
an epoxy group, an acid anhydr, de group, an acid halogen group, or an isocyanate group. When a
product obtained by making an epoxy-based polyamine resin aaueous, the epoxy-based poiyamine
resin being obtained_ by a reaction of a compound having such functional group, is incorporated as
part of the aqueous epoxy-based poiyamine resin (A) to be used, physical properties of the resultant
coating film can be adjusted. [0033]The method involving adding the primary amino group-containing
polyamine to the epoxy resin is specifically metho-involv g reacting a primary  amino group in the
primary amino  F2P-NPP09201 POT 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. [0034]Examples of the primary amino group-containing polyamine include
iethylenetriamine, dipropylenetriamine, dibatysenetriamine, and triethylenetetrami e. They may be
used alone or in combination. [0035]The method involving adding a ketiminated amino
group-containing compound to the epoxy resin is specifically a method involving allowing the
ketiminated amino group-containing compound and the epoxy resin to react with each other and then
hydrolyzing aketiminegrcuptoformaprimaryaminogroup, resulting in producing 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 'lith each other, a
secondary amine such as diethanolamine, methylethanolami e, or diethylamine may coexist.
[0036]The ketiminated amino group-containing compound can be obtained by reacting a primary
amino group-containing compound with a ketone. Examples of the primary amino group-containing
compound include: primary amino group-containing polyamines such as diethylehetriamine,
dipropylenetriamine, dibutylenetriamine, and  triethylenetetramine;aminoethylethanolamine;
ylaminopropylamine; andethylaminoethylamine. Theymaybeused alone or in combination.
Examplesoftheketoneincludemethylethyl ketone, acetone, and methyl isobutyl ketone. [0037]The
epoxy-based polyamine resin may further be modified by allowing the resin to react with a compound
having a functional group reactive with an amino group, depending on desired coating filmphysical
properties. Examples of the functional group reactive with an amino group include an epoxy group, a
(meth)acryloyl croup, an isocyanate group, and an acid anhydride group. [0038]The amount of the
amino groups in the epoxy-based polyamine resin maybe any appropriate amount depending on
desired properties of the aqueous coating composition or desired coating film physical properties. The
amount of the amino groups is, as an amino 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 is agueous, to thereby obtain the aqueous
epoxy-based polyamine resin (A). Wnen the aqueous epoxy- asedpolyamine resin (A) is used, a
coating film excellent in low-temperature curability 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 e amino group  F2P-NPP09201 POT 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 composition into an aqueous composition. It should be noted that
the expression tamino group equivalent" as used herein is represented by a molecular weight of a.
resin solid 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
primaryaminogroups and secondary amino groups), or is represented by a molecular weight of a resin
solid content per secondary amino group in the case where the epoxy-based polyamine resin has no
primary amino9 cup. The amino group equ.,_valent of the epoxy-based polyamine resin can be
determined f cmtheblendingamounts of raw materials. [0039]For example, the aqueous epoxy-based
polyamine resin (A) may be obtained by converting the epoxy-based polyamine resin (i.e., an epoxy
resin obtained by amine-modification ) into an aqueous resin by neutralization of the amino Groups in
the epoxy-based polyamine resin with an acid. The kind of the acid and a neutralization ratio (neutraliz
ion ratio with respect to the amino groups in the epoxy-based polyamine resin before conversion into
an aqueous resin) may be any appropriate kind of acid and neutralization ratio depending on a desired
state of the aqueous epoxy-based polyamine resin (A) (water-soluble to water-dispersible form) .
Examples of the acid include acetic acid, formic acid, la t  acid,and phosphoric
acid.Theneutralizationratio  (neutralization ratio with respect to the amino groups in the epoxy-based
i.,Tholyamin resin beforeconversionintoanaqueousresin) is preferably 10% to 100%, more preferably
10% to 70% particularly preferably 15% to 50%. When the neutralization ratio is less than 10%, the
renn may not be. dispersed in water to cause phase separation, which makes it impossible to convert
the coating composition into an aqueous one. Meanwhile, when the neutralization ratio is adjusted to
70% or less, a water-dispersible aqueous epoxy-based polyamine resin (A) can be obtained.
[0040]The molecular weight number average) of the aqueous epoxy-based polyamine resin (A) may
be any appropriate molecular weight depending on desired properties of the aqueous coating
composition or desired coating film physical properties. The molecular weight is preferably 500 to
20,000, more preferably 1,000 to 10,000 in erms of standard polystyrene measured by gel permeation
chromatography (GPC) As long as the molecular weight of the aqueous epoxy-based polyamine resin
(A) is in such range, the aqueous epoxy-based polyamine resin (A) can react efficiently with the
compound (3) because the resin can be mixed easily with the compound. In addition, as long as the
molecular weight of the aqueous epoxy-based polyamine resin (A) is in such range, a coating film
excellent in corrosion resistance, water resistance, and adhesive property can be obtained.  [0041]The
aqueous coating composition of the present invention may include two or more kinds of the aqueous
epoxy-based polyamine resins (A) . 



[00421The aqueous coating composition of the present invention preferably includes, as the aqueous
epoxy-based polyamine resins (A) , the aqueous epoxy-based polyamine resin (Al) obtained by
amine-mo ification of the epoxy resin (al) having an epoxy equivalent of 400 to 1,500 and the aqueous
epoxy-based polyamine resin (A2) 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 equivalent of
400 to 1,500 and the epoxy resin (a2) having an epoxy equivalent f 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 is possible to
obtain an aqueous coating composition capable of forming a coating film. excellent in initial rain
resistance and water-resistant ad esive property. [0043]The properties of the aqueous coating
composition and coating film physical properties can be controlled by the molecular weight of the
aqueous epoxy-based polyamine resin (A) and the amount of the amino groups therein. [00441C.
Compound B)  F2P-NPP09201PCT        The compound (3) used in the aqueous coating composition
of the present invention has one or more (meth)acryloyl groups in a molecule. [00451The molecular
weight of the compound (3) is preferably 150 or more and 2,000 or less, more preferably 200 or more
and 1,700 or less, particularly preferably 250 or more and 1,300 or less. As tong as
themolecularweight of the compound (B) is in such range, the aqueous epoxy-based polyamine resin
(A) and the compound (3) canbeeasilymixedwithout using a special mixing device, to thereby obtain an
aqueous coating composition excellent in dispersibility. As a result, the aqueous epoxy-based
polyamine resin (A) and the compound (3) can reactwitheachotherefficiently, to thereby obtain an
aqueous coating composition excellent in curability. It should be noted that the molecular weight of the
compound (B) can be calculated from its chemical formula. [0046]Thenumberofthe (meth)aoryloyl
groups frithecompcund  (B) is lormore, preferably2to4. Thenumberofthe (meth)acryloyl groups in the
compound (B) may be determined depending on desired coating film physical properties.
[0047]Theviscosityofthecompound (3) at 25C 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
F2P-NPP09201PCT  50 mPa.s to 1,100 mPa.s. As long as the viscosity of the compound (3) is such
range, the aqueous epoxy-based polyamine resin (A) and the compound (3) can be easily mixed
without using a special mixing device, to thereby obtain an aqueous coating composition excellent in
dis-e sibility. As a result, the aqueous epoxy-based polyamine resin , and the compound (3) can react
with each other efficiently, to thereby obtain an aqueous coating composition excellent in curability.
[0048]Examples of the compound (B) include: polymerizable unsaturated monocarboxylic acid ester
compounds of polyhydric alcohols such as ethylene glycol diacrylate, ethylene glycol dimethacrylate,
triethylene glycol diacrylate, triethylene glycol dimethacrylate, tetraethylene glycol diacrylate,
tetraethylene glycol dimethacrylate, 1,3-butylene glycol diacrylate, 1,3-butylene glycol dimethacrylate,
trimethyloipropane triacrylate, trimethylolprooane trimethacrylate, 1,4-bu anediol d'acrylate,
1,4-butanediol dimethacryiaL,e, neopentyl glycol diacrylate, neopentyl glycol dimethacrylate,
1,6-hexanedici diacrylate, 1,6-hexanediol dimethacrylate, pentaerythritol diacrylate, pentaeryt ritol
dimethacrylate, pentaerythritol triacrylate, pentaerythritol tri ethacrylate, pentaerythritol tetraacrylate,
pentaerythritol tetramethacrylate, glycerol diacrylate,glyceroldimethacrylate,glycerolacroxy
dimethacrylate,1,1,1-trishydroxymethylethanediacrylate,
1,1,1-trishydroxymethylethanedimethacrylate, 1,1,1-trishydroxymethylethanetriacrylate,
1,1,1-trishydroxymethylethanetrimethacryiate, 1,1,1-trishydroxymethylpropane diacrylate, and
1,1,1-trisnydroxymethylpropane dimethacrylate; adducts between epoxy group-containing,
ethylenically unsaturated monomers and carboxyl oroup-containinq,ethyle .callyunsaturatedmonomers
such as a reaction product between glycidyl acrylate or glycidyl methacryl ate and acrylic acid,
methacrylic acid, crotonic acid, or maleic acid; and polymerizable unsaturated monocarboxylic acid
amide compounds of polyamines such. as ethylenediamine diacrylate. Those compounds may be
used alone or in combination. [0049]As described above, the compound (3) is preferably capable of
being easily mixed with (capable of reacting with) the aqueous epoxy-based polyamine resin (A). It is
more preferred that the aqueous epoxy-based polyamine resin (A) and the compound (B) be used in
an inhomogeneous 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 (2) and the aqueous epoxy-based
polyamine resin (A) be used in different phase states. In such states, a rapid reaction progress of the
aqueous epoxy-based polyamine resin (P.;) and the compound can be inhibited to appropriately
adjuRt the reactivity. More specifically, when the aqueous epoxy-based polyamine resin. (A) and the
compound (B) are  F2P-NPP09201PCT in an inhomogeneous state, the aqueous coating composition
before application has good preservation stabil ty 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 dispersion medium (such as water)
voiatizes to make it easy to bring the aqueous 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 a water-soluble compound and the
aqueous epoxy-based polyamone resin (A) is a water-dispersible resin; a case where the compound
(B) is self-emulsifying or is converted into a water-dispersible form with a dispersant; and a case where
the compound (3) is emulsified or dispersed with the aqueous epoxy-based polyamine resin (A) . It
should be noted that a determination of whether the compound (B) is "water-insoluble,"
"water-soluble," or "self-emulsifying" can be made by: adding 5 g of the compound (B) to 100 g of
water at room temperature; stirring the mixture (e.g., for 3 minutes) ; allowing the mixture to stand still
(e.g. , for 5minutes) ; and then observing its state visually. After allowing the mixture to stand still, if the
mixture contains a precipitate, the compound is judged to be "water-insoluble," if the mixture contains
no precipitate and is clear, the compound is judged to he "water-soluble," and if the mixture contains
no precipitate and is turbid, the compound is judged to be "self-emulsifying." In  F2P-NPP09201PCT 



addition, if the mixture contains no precipitate and is turbid after the same operation as above has
been performed in the co-presence of a dispersant, the compound is judged to be "converted into a
water-dispersible form." [0050]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 toance hydrophilicity.
[0051JExamples of the compound. (B) that is water-soluble include ethoxyiatedbisphenol A diacrylate
(:0 30 mol) , ethoxylated trimethyloluropane triacrylate(EO 20 mol) ,ethoxylated trimethylolpropane
triacrylate(EC, 30 mol) ,ethoxylated pentaerythritol tetraacrylate (EC 35 mol) , ethoxylated glycerin
triacrylate (EO 20 mol) , and ethoxylated bisphenol A dim,t crylate (EC 30 mol) . They may be used
alone or in combination. It should be noted that, for example, the expression "EC 30 mol" as used
herein means that 30 ethylene oxide groups are contained in a molecule. [0052]Examples of the
compound (13) that is self-emulsifying or may be converted into a water-dispersible form with a
dispersant include polyethylene glycol #400 diacrylate (E0 9 mol ) , polyethylene glycol #600 diacrylate
(E0 14 mo1) , polyethylene glycol #1000  F2P-NPP09201 POT diacrylate (EC 23 mol), ethoxylated
bisphenol A diacrylate (EO 10 mol), ethoxylated b sphenol A diacrylate (E0 20 mol), ethoxy ated
glycerin triacrylate (EO 9 mol), and polyethylene glycol #1000 dim.ethacrylate(E023mol).
Theymaybeusedaloneor in combination. [0053]Examples of the compound (B) that maybe emulsified
or dispersed with the aqueous epoxy-based polyamine resin (A) include polyethylene glycol 4200
glycol diacrytate (E0 4 mol), ethoxylated bisphenol Adiacrylate (EO 3 mol) , ethoxylatedbisphenol
Adiacrylate (EO 4 =1), pr000xylated bisphenol A diacrylate (PO 3 mol), 1,10-decanediol d'acrylate,
tricyclodecanedimethanol diacrylate, ethoxylated 2-methyl-1,3-propanediol diacrylate (E0 2 mol),
neopentyl glycol diacrylate, 1,6-hexanediol diacryiate,  , 9-nonanediol diacrylate dipropylene glycol
diacrylate (PQ 2 mol) , trioropylene Qlycol diacrylate (PO 3 mol), polypropylene glycol #400 Riacrylate
(PO 7 mol), polypropylene glycol 4700 diacrylate (20 12 mol), ethoxylatedtrimethylolprooanetriacrylate
(EO 3 mol), ethoxylated trimethylolorocane triacrylate (EC 9 =1), trimethylolpropane triacrylate,
oropoxylated tr ethylolpropane triacrylate (' 0 3 =1), pentaerythritol triacryl e, ethoxyiated
pentaerythritol tetraacrylate (E0 4 mol), ditrimethylolpropane tetraacrylate, propoxylated pe --erythritol
te aacrylate (PO 4 mol), propoxylated bisphenol Adiacrylate (PC 4 mol) , ethylene glycol
dimethacrylate (EC 1 mol), diethylene glycol dimethacrylate (EO 2=1), triethylene glycol dimethacrylate
(E0 3=1) , tetraethylene  F2P-NPP09201PCT glycol dimethacrylate (EO 4 mol), polyethylene glycol
#400 dimethacrylate (E0 9 mol), polyethylene glycol #600 dimethaL.rylate (EO 14 mol), 1,3-butanediol
dimethacryiate, 1,4-butanediol dimethacrylate, 1,6-hexanediol dimethacrylate, 1,9-nonanediol
dimethacrylate, ethoxylatedbisphencl Adimothacrylate (E0 2 . 6=1) , ethoxylated bisphenol A
dimethacrylate (FO 4 mol), ethoxylated bisphenol A dimethacrylate (E0 6 mol), ethoxylated bisphenol
A dimethacrylate (EC 10 mol), ethoxylated bisphenol A dimethacryiate (EC 17 mai), neopentyl glycol
dimethacrylate, ethoxylated polypropylene glycol #700 dimethacrylate (PO 12 mol, E0 6 mol), glycerin
dimethacrylate, tripropylene glycol dinethacrylate (PO 3 mol), polypropylene glycol #400
dimethacrylate (PO 7 mol), trimethylolpropane trimethacrylate, and ethoxylated trimethylolpropane
trimethacrylate (EO 9 mol). They may be used alone or in combination. [0054]The compound (B) may
be used as a mixture of two or more kinds of the compounds (B). Through such use of the compounds
having different properties in combination, physical properties of the aqueous 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 (neth)acryloyi
groups. Further, when a mixture of a water-soluble compound (B) and a water-insoluble compound (B)
is used, the water-insoluble compound (B) can be easily F2P-NPP09201PCT introduced into a
reaction system by the water-soluble compound (B). Further, the resultant coating material is excellent
in low-temperature curability. Examples of the water-insoluble compound (B) include a compound
which is not completely soluble in water, such as propoxylated bisphenol A diacrylate (P0 4 mol). A
mixing ratio of the 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. [005.5]D.
Alkoxysilane compound (C)        The aqueous coating composition of the present invent includes the
alkoxysilane compound (C). As long as the aqueous coating composition includes the alkoxysilane
compound (C), coating film excellent in adhesive property to a substrate can be obtained. The coating
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 aqueous 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 aqueous coating composition of
the  F2P-NPP09201PCT 



present invention includes the alkoxysilane compound (C), it is possible to improve the adhesive
property of a formed coating film (organic substance) and a substrate (inorganic substance). Examples
of the functional group having reactivity to or affinity for an organic substance include a vinyl group, an
epoxy group, a methacryi group, an amino group, and a mercapto group. On the other nand, the
functional group having reactivity to or affinity for an inorganic substance is preferably a functional
group which can be hydrolyzed, and examples thereof include a methoxysilane group, an ethoxysilane
group, and a propoxysilane group. [0057]Part of the alkoxysilane compound (C) maybe subjected to
hydrolysis and/or hydrolysis dehydration condensation Specific examples thereof include:
y-glycidoxyalkyltrialkoxysilanes such asy-glycidoxyoropyitrimethoxysilane,
y-giyoidoxypropyltriethoxysilane,and y-glycidoxypropoxytri.ethoxysilane;
v-aminopropyltrialkoxysilanessuchas y-aminopropyltriethoxysilane and y-aminopropyitripropoxysilane;
andN-phenyl-y-aminoalkylt alkoxysilanessuchas N-phenyl-y-aminopropylte.thoxysilane, N-phenyl-y- m
opropyitriethoxysiiane,and N-phenyl-y-aminopropyltripropoxysilane. Of those, preferred are
y-glycidoxyalKyltrialkoxysilanes, y-aminopropyltrialkoxysilanes, and
N-phenyl-y-aminoalkyltrialkoxysilanes, more preferred are  y-glycidoxyalkyltri- ;coxysilanesand
y-aminopropyltrialko ysilanes, and particularly  preferred are y-glycidoxyaflyltrialkoxysilanes. They may
be used alone or in combination. [00581:E. Method of forming coating film         The aqueous coating
composition 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, 1 g quarter, or car hold; and a
submerged structure in seawater or freshwater, such as a pipi material can be used as an object to be
coat ( substrate) . As a material for the substrate, there may be given, for example, a metal material
such as an iron-based, zinc-based, or aluminum-based material. [0059]As a method of applying the
aqueous coating composition of the present invention, any appropriate application method may be
employed. Examples of the application method include airless application, air spray, brush application,
trowel application, and roller application. Of those, airless application is preferred. When the
composition is applied by the airless application, a thick coating film can be obtained. In addition, the
coating film may be formed by applying the composition several times (e.g., two or
F2P-NPP09201PCT three times ) . When the composition is applied several times, a thick coating film
having a good outer appearance can be formed. [0060]In application of the aqueous coating
composition of the present invention, the thickness of the coating film is preferably 50 pm to 250 pm,
more preferably 50 pm to 200 pm in terms of dried coating film. When the thickness of the dried
coating film more than 250 pm, a problem such as dripping may occur in formation of the coating film.
[0061]A method of drying the aqueous coating composition of the present invention may be any
appropriate drying method. The method is preferably natural drying or heat drying. In the case of
natural drying, the drying time is preferably 24 hours or more, more preferably 1 week or more.
[0062]After formation of the coating film using the aqueous coating compos tion of the present
invention, a top coating layer maybe formed on the coating film by further applying a top coating
material. According to the present invention, it is possible to provide such method of forma multilayer
coating film. When the top coating layer is formed, a coatmhavingimprovedcorrosion resistance and
outer appearance can he obtained. [0063]Any appropri e coating material may be adopted as the 



F2P-NPP09201PCT top coating material. Examples of the top coating material include an
epoxy/amine-based coatng material,a two-component urethane-curable coating material, a
one-component urethane-curablecoat g material, andacoatingmaterialcontaining a carbodi mide curing
agent. The top coating material may be solvent-based or aqueous. The top coating material is
preferably aqueous. When the top coating material is aqueous, a load on the environment can be
reduced in formation of the coating film. [0064]The thickness of the top 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 pIT: to 300 -m in terms of thickness of a dried coating film. [0065]An
intermediate coating layer may be formed between the coating film formed using the aqueous coating
composition and the top coating layer. The intermediate coating layer may be formed by applying an
intermediate coating material on the coating film formed asing the aqueous coating composition .
When the intermediate coating layer is formed, a coating film having further improved corrosion
resistance can be obtained. [0066]Any appropriate coating material maybe adopted as the
intermediate coating material.Examples of the intermediate coating material include an
epoxy/amine-based coating material,  F2P-NPP09201PCT a two-component urethane-curable coating
material, and a one-compcnenturethane-curabiecoatingmaterial. The intermediate coating material
may be solvent-based or aqueous. The intermediate coating material is preferably aqueous. When the
intermediate coating material is aqueous, a load on the environment  can be reduced in formation of
the coating film. [0067]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 pm to 50 pm in terns of thickness of a dried coating film. [0068)Before formation of the
coating film using the aqueous coating composition, an undercoat layer may be formed by applying an
undercoating material on a substrate. When the undercoat layer is formed, a coating film having
improved corrosion resistance can be obtained. (0069}Any appropriate coating material may be
adopted as the undercoating material. Examples of the undercoating material include an organic or
inorganic zinc-rich coating material. The undercoating material may be solvent-based or aqueous. The
undercoating material is preferably aqueous . When the undercoating material is agueous, a load on
the environment can be reduced in formation of the coating film.  [0070]The thickness of the
undercoating layer may be set to any appropriate thickness dependion the ki nd of the coating material
and the purpose of coating. Typically, the thickness is 20 pm to 300 pm in terms of thickness of a dried
coating film. [0071]The top coating material, the intermediate coating material, and the undercoating
material may each contain a pigment, an additive, and the like. Examples of the pigment and the
additive include the pigments and additives described in the above-mentioned section A. The number,
kinds, and amounts of pigments and additives to be added may be selected as appropriate depending
on purposes. [00 2]As an application method and drying method for each of the top coating material,
the intermediate coating material, and the undercoating material, any appropriate methods may be
adopted depending on the kind of the coating material to be used. Examples of the application method
and drying method for each of the top coating material, the intermediate coating material, and the
undercoating material include the same methods described above for the application method and
drying method for the aqueous coating compositio Examples [0073]Hereinafter, the present invention
is described in more  F2P-NPP09201PCT detail by way of examples. However, the present invention
is not limited to the examples. It should be noted that, unless otherwise specified, "part(s)" and "8" in
the examples are on a mass basis. 



[0074](Production ExampleProduction of aqueous epoxy-based polyamine resin (A)I        702 parts of
a raw material resin having an epoxy equivalent of 188 g/eouivalent, which was synthesized from
bisphenol A and epichlcxohydrin, 269 parts of bisphenol A, 108 parts of a dimer acid, and 190 parts of
methyl isobutyl ketone (hereinafter, referred to as "MIBK") were fed to a reactor equipped with a stirrer,
a cooler, a nitrogen injection tube, and a thermometer, and the mixture was allowed to react at 117C in
the presence of i part of benzyldimethylamine until the epoxy equivalent reached 1,079 g/equivalent, to
thereby obtain an epoxy resin. After that, 255 parts of a ketimine compound of
aminoethylethanolamine (73 mass% MISK solution) were added thereto, and the mixture was allowed
to react at 117C for 1 hour. Subsequently, 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
equivalent of 1,184.        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 mixture was diluted with
ion-exchange water.  F2P-NPP09201PCT 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
aqueous (water-dispersible) epoxy-based polyamine resin (A)I (specific gravity (solid content) 1.2
g/cm13). 100751(Production Example 2)Production of aqueous epoxy-based polyamine resin (A)II
742 parts of the raw material resin having an epoxy equivalent of 188 g/equivalent, which was
synthesized from bisphenol A and epichlorohydrin, 336 parts of bisphenol A, and 190 parts of MISK
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 117C in the presence of 1 part of benzyldimethylamine until
the epoxy equivalent reached 1,079 g/equivalent, to thereby obtain an epoxy resin. After that, 350
parts of a ketimine compound of dietnylenetriamine (73 mass% MIBKsolu,_ion) were added thereto,
and the mixture was al lowed to react at 117C for 1 hour . Subsequently, 27 parts of ion-exchange
water and 188 parts of glycidyi neodecanoate (manufactured by Hexion Specialty Chemicals, Inc.,
trade name "Cardura E10-2") were fed thereto, and the mixture was allowed to react at 100C for 2
hours. After that, the mixture was diluted with MIRK until a nonvolatile content of 75% was achieved, to
thereby obtain an epoxy-based polyamine resin having an amino group equivalent of 1,093.
F2P-NPP09201PCT        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 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 aqueous
(water-dispersible) epoxy-based polyamine resin (A)II (specific gravity (solid content) 1.2 g/cm3).
[0076](Production ExampleProduction of aqueous epoxy-based polyamine resin (A)III        525 parts of
the raw material resin flaying an epoxy equivalent of 188 g/equivalent, which was synthesized from
bisphenol A and epichlorohydrin, 205 parts of bisphenol A, and 110 parts of MIBK were fed to a
reactor equipped with a stirrer, a cooler, a nitrogen injection e, and a thermometer, and the mixture
was allowed to react at 117C in the presence of 1 part of henzyidimethylamine until the epoxy
equivalent reached 730 g/equivalent, to thereby obtainanepoxyresin. After that, 350 parts of a
:cetimine compound of diethylenetriamine (73 mass% MIRK solution) were added thereto, and the
mixture was allowed to react at 1 1 7 C for 1 hour. Subsequently 27 parts of ion-exchange water and
188 parts of glycidyi neodecanoate (manufactured by Hexion Specialty Chemicals, Inc., trade name
"Cardura E10-P") were fed thereto, and the mixture was allowed to react at 100C for 2 hours. After
that, the mixture was diluted with MIBK until a nonvolatile content of 75% was achieved, to thereby
F2P-NPP09201PCT obtain an epoxy-based polyamine resin having an amino group equivalent of 810.
Acetic acid was added thereto so that a neutralization ratio (neutralization ratio of the resin based on
amino groups) of 20.0% was achieved, and the mixture was diluted with on-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 aqueous (water-dispersible) epoxy-based polyamine
resin (A)III (specific gravity (solid content) 1.2 g/cm3). [0077](Production Example 4)Production of
aqueous epoxy-based polyamine resin (A)IV         1,940 parts of the raw material resin having an
epoxy equivalent of 188 g/egu ralent, which was synthesized from bispnenol A and epichlorohydrin,
1,060 parts of bisphenol A, and 550 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 117C in
the presence of 8 parts of benzyldimethylamine until the epoxy equivalent reached 3,000 g/equivalent,
to thereby obtain an epoxy resin. After that, 350 parts of a ketimine compound of dietnylenetriamine
(73 mass% 31I3K solut o ) were added thereto, and the mixture was allowed to react at 117C for 1
hour. Subsequently 1,060 parts of dipropylene glycol monobutyl ether (hereinafter, referred to as "D
B") were fed thereto, and the mixture was allowed  F2P-NPP09201PCT to react at 100C for 2 hours.
After that, 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 equivalent of 1,550.        Acetic
acid 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 MIEN and water was removed under reduced pressure until a solid content of 40 mass%
was achieved, to thereby prepare a milky white aqueous (water-dispersible) epoxy-based polyamine
resin (A)IV (specific gravity (solid content) 1.2 g/cm13). [0078](Production Examples 5 to 7) Production
of aqueous epoxy-based polyamine resins (A)V to VII        Aqueousepoxy-basedpolyamineres s
(A)VtoVlIwereprepared in the same manner as in Production Example 2 except that the neutralization
ratio was changed as shown in Table 1 below. The aqueous epoxy-based polyamine resins (A)V to VII
were each found to have a specific gravity (solid content) of 1.2 a/cnr3. 100791(Production Example
8)Production of aqueous epoxy-based polyamine resin (A)VIII
1,440partsoftherawmaterialresinhavinganepoxyequivalent of 188 g/equivalent, which was synthesized
from bisphenol A and  F2P-NPP09201PCT 



epichlorohydrin, 760 parts of bisphenol A, and 388 parts of MIBK were fed to a reactor equipped with a
stirrer, a cooler, a nitrogen Injection tuip," and a thermometer, and the mixture was allowed to react at
117C in the presence of 3 parts of benzyldimethylamine until the epoxy equivalent reached 2,200
g/equivalent, to thereby obtain an epoxy resin. After that, 350 parts of a ketimi.e compound of
diethylenetriamine (73 mass% MIBK solution) were added thereto, and the mixture was allowed to
react at 117C for I hour. After having been allowed to react at 10000 for an additional 2 hours, the
mixture was diluted with MIRK until a nonvolatile content of 75% was achieved, to thereby obtain an
epoxy-based poly me resin having an amino group equivalent of 1,150.         Acetic acid 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 MIRK and
water was removed under reduced pressure until a solid content of 40 mass% was actieved, to
thereby prepare a milky white aqueous (water-dispersible) epoxy-based nolyamine resin (A) VIII speci
fic gra ity solid conv.en ) 1 . 2 g/cm3 ) .  IIIA aldmex:4 Incyonpoaa C ; , ,-. ,T, --. I rn I 1 1   o In ci 1
OD  OD ost't 00Vr motor-diaper I sible  r w1TUm A[it11[7-1 Production EXaMple 7 VII - 1  
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[0081](Production Example 9) Production of epoxy-based polyamine resin
Anepoxy-basedpolyamineresinwasprepared inthesamemanner as in Production Example 2 except that
the neutralization ratio was changed to 5%. Theepoxy-basedpolyamine resinwasnotconverted into an
aqueous resin and caused phase separation in water. [0082](Production Example) Production of
epoxy-based polyamine resin          2,56Opartsoftherawmaterialresinhavinganepoxyequivalent of 188
g/equivalent, which was synthesized from bisphenol A and epichlorohydrin, 1,439 parts of Pisphenol
A, and 706 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 117C 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
solution) were added thereto, and the mixture was allowed to react at 117C for 1 hour. After having
been allowed to react at 100C for an additional 2 hours, the mixture was diluted with MIBK until a
nonvolatile content of 75% was clieved, to thereby obtain an epoxy-based polyamine resin having an
amino group equivalent of 2,050. Acetic acid was added thereto so that a neutralization ratio
F2P-NPP09201PCT  (neutralization ratio of the resin based on amino groups) of 40.0% was achieved,
andt ne mixture was diluted with ion-exchange water. After that, a mixture of MILK and water was
removed under reduced pressure until a solid content of 40 mass% was achieved, to thereby prepare
an epoxy-based polyamine resin. The epoxy-based polyamine resin was not converted into an
aqueous resin and caused phase separation in water. [0083](Example 1) (Production of base resiquid
for coating material)        89.5 parts of talc (manufactured by FUJI TALC INDUSTRIAL CO., LTD.,
trade name "TALC SP 42," specific gravity: 2.7 g/cm3), 89.5 parts of calcium. carbonate
(manufactured by MARUO CALCIUM CO., LTD, trade name" N Ground Calcium Carbonate , "
specificgravi y: 2 . 7 g/cm3) , 172 parts of titanium oxide (manufactured by Cu Pont, trade name
"Ti-FUR R706," specific gravity: 4.3g/cm3), 25 parts of an anti-rust pigment (manufactured by Toho
Ganryo Kogyo Co., Ltd., trade name "EXPERTNP1055C," specific gravity: 2.3a/cm ), 4 parts of a
defoaraer (manufactured by SAN NOPCO LIMITED, trade name "SN Defoamer 154," specific gravity:
1.0 a/cm3), and 32 parts of a pigment dispersant (manufactured by EYE, trade name "1=-190,"
specific gravity: 1.0 a/cma) were added to 110 parts of water, and the mixture was stirred witha disper
for 30 minutes, to thereby produce a pigment-dispersed paste. 400 parts of the aqueous epoxy-based
poJyamine resin (A)I obtained in Production Example 1, 24 parts of DPnB, and 1 part of 



F2P-NPP09201PCT an associated thickener (manufactured. by ADECA CORPORATION, trade name
"Adecanol UR-420" were added to 500 parts of the pigment paste, and the resultant was mixed, to
...hereby obtain a base resin liquid for a coating material I. (Production of curing agent)        40 parts of
water, 10 parts of DPnB, arid 50 parts of polyethylene glycol #400 dimethacrylate (EO 9 mol) (viscosity
(25C) : 58 caPa  s, molecular weight: 508, number of functional groups: 2, acryloyl group equivalent:
254) used as the compound (B) were mixed, and themixture v,ras stirred using a homogenizer for 10
minutes, to thereby obtain a curing agent I. It should be noted that the soecfic gravity of the solid
content in the curing agent I was found to be 1.2 g/cm3. (Production of aqueous coating composition)
4.8partsofanepoxyslanecouplingagent  (3-glycidoxypropyitrimethoxysilane; manufactured by Shin-Etsu
Chemical Co., Ltd., trade name "KBM-403") used as the alk.oxysi_lare compound (C) were added to
40 parts of the curing agent I, and the curing agent was then homogeneously mixed with 500 parts of
the base resin liquid for a coating material I, to thereby obtain an aqueous coating composition i.
[0084](Examples 2 to 22) Aqueous coating compositions were obtained in the same manner
F2P-NPP09201PCT 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 chanced as shown
in Table 2 or Table 3.        It should be noted that base resin liquid for a coating materials II to VIII were
obtained in the same manner as in Example 1 except that aqueous epoxy-based polyamine resins (A)
shown in Table 4 were used instead of the aqueous epoxy -based polyamine resin (A)I.        Curing
agents II to IXcontainingcompounds (B) were obtained according to the curing agent production
method of Example 1 using the compounds (B) shown in Table 5 at blending ratios shown in Table
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 each of the curing
agents II, IV, V, VIII, and IX. Table 5 shows the viscosity at 25C, molecular weight, number of
functional groups, acryloyl group ecuivalent, and properties (self-emulsifying, water-insoluble, or
water-soluble) of the compound (B) used in each 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. If the
mixture contained a precipitate, the compound was evaluated to be "water-insoluble,"
F2P-NPP09201PCT 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 ..ur,Jid, 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 II to TX was found to be 1.2 g/cm.3.        As an aminosilane
coupling agent used as the alkoxysilane compound (C), N-aminoethyl-y-amin-propyltr lethoxysilane
(manufactured by Shin-Etsu Chemical Co . , Ltd., trade name "KBM-603") was used.
[00851(Comparative Examples 1 to 3)        Aqueous coating compositions were obtained in the same
manner as in Example I 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 silane coupling agent
(4.8 parts) was changed as shown in Table 3.  Example Example i 11 12 LOSE' OST         
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0.,au   Base resin liquid for coating material Aqueous epoxy-based I (Production Example 1)
po1yamineresin (A)    Epoxy equivalent or epoxy resin 1,079 Amino group equivalent aqueous
epoxy-based polyaitine resins of I   1,184  II ((I(Production Example  2) 1,079  1,093  III III(Production
Example 3) 



730  810  iv IV(Production Example 4) 3,000 ,079  1,550  V VI V (Production Example 5)   1,093
VI(Production Example 6) 1,079  1,093  VII VII(Production Example 7) 1,079  1,093  



VIII VIII(Production Example 8) 2,200  1,150     [0090]<Evaluations>        The aqueous coating
compositions obtained 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 each applied using an appJ icatorontoa20 cmx3C cm grit blasted steel sheet so that a
film thickness of a dried coating film of 700umwasach eyed, and then allowed to stand at
5Cinanatmosphere of a relative humidity of 50% for 16 hours, to thereby obtain a test sheet having
formed thereon a coating film.        A worker with a body weight of 65 kg heeled on the surface of the
resultant coating film with his safety shoe for 30 seconds, and the condition of the coating film was
then evaluated visually based on the following criteria. A: No peeled part B: Almost no peeled part C:
Small peeled part 0: Large peeled part (Pencil hardness) A test sheet was obtained in the same
manner as in the evaluation  F2P-NPP09201PCT of the low-temperature curability. The pencil
hardness of a coating film formed on the test sheet was measured in accordance with JTS K 5600-5-4.
(Initial rain resistance)        The aqueous coating compositions obtained in the forego were each
applied onto a polished steel sheet us g a. brush in an application amount of 200 g/m2, and dried in an
environment of 5C    r 24 hours, to thereby obtain a test sheet. The test sheet was immersed in water
at 5C, lifted up after a lapse of 24 hours, and allowed to stand still at 5C for 24 hours. After that, the
outer appearance of the coating film was visually observed and evaluated based on the following
criteria. All: No defectouter appearance observed        A: --light changes in luster and color but no
mark of cracking or swelling observed C: Mark of cracking or swelling observed (Corrosion resistance
evaluation A)        The aqueous coating compositions obtained in the foregoing were each
spray-applied onto each of a grit blasted steel sheet, azinc-platedsteelsheet, analu inumsteelsheet,
and a shop primer steel sheet, each of which had a size of 7 cmxn5 cif, so that a dried film thickness of
100 pm was achieved, and the sheets were allowed  F2P-NPP09201PCT to stand at 20C 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 5600-7-1. 



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 a
pressure-sensitive adhesive cellophane tape was attached thereto and peeled off. The adhesive
property of each of the steel sheets and the coati= film was evaluated based on the same evaluation
criteria as those for the low-temperature curability. (Corrosion resistance evaluation 0,
Theadhesiveoropertyofeachofthesteelsheetsandthecoat film wasevaluated in the same manner as in
the corrosion resistance evaluation A except that the test sheets were immersed in water at 40C 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 aqueous coatinc: compositions obtained in the foregoing
were each spray-applied onto a shotlasted steel sheet with a size of 7 cmx15 cm so that a dried film
thickness of 95 to 105 pm was achieved, and the sheet was -,lowed to stand at 20'C for 7 days and
then exposed to an outdoor environment for 7 days.  F2P-NPP09201POT         Five steel sheets each
thus flaying formed thereon a coating film were prepared. An oil-based coating Tate al (manufactured
by NIPPON PAINT MARINE COATINGS Co., Ltd., trade name "CR Marine Finish"), a solvent-type
urethane-based coating material (manufactured by NIPPON PAINT MARINE COATINGS Co., Ltd.,
trade name "Polyuremyt lac M"), a solvent-type epoxy-based coating material (manufactured by
NIPPON PAINT MARINE COATINGS Co., Ltd., trade name "Epoxy Finish M"), an aqueous
epoxy-based coating material (manufactured by NIPPON PAINT MARINE COATINGS Co., Ltd., trade
name "ODEMARINE PF"), or an aqueous urethane-based coating material (manufactured by NIPPON
PAINT Co., Ltd., trade name "ODE ORE TOP") was spray-applied onto each of the prepared steel
sheets so that a dried film thickness of 35 to 45 pm was achieved, and the sheets were allowed to
stand at 20C for 7 days, to thereby obtain test sheets.         The adhesive property of each of the steel
sheets and the coating film formed using the aqueous coating composition obtained above was
evaluated in the same manner as in the corrosion resistance evaluation Aexcebt that the test sheets
were obtained as described above. [0091]As clear from the results of Examples 1 to 22, the aqueous
coating composition of the present invention exhibits excellent  F2P-NPP09201PCT low-temperature
curability by containing the aqueous epoxy-based polyamine resin (A) and the compound (B).
Meanwhile, as clear from a comparison between Examples 1 to 21 and Comparative Example 1, the
aqueous coating composition of the presen invention can form a coating film excellent in corrosion
resistance by containing the alkoxvsilane compound (C). [0092]In addition, as clear from a
comparisonbetweenExamples 1 to 22 and Comparative Example 3, when the content ratio of the
alKoxysilane 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 equivalent ratio of the aqueous
epoxy-basedpolyamineresin (A) andt ecompound (B) is ina specific range, excellent low-temperature
curability and corrosion resistance can be achieved. [0093]Further, as clear from the results of
Examples 12 to 16 and20to22, theaqueouscoatingcorrpositionincludingtheagueous
epoxy-basedpolyamine resin (A) obtainedusingthe 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 [0094]The aqueous coating composition of the present invention  F2P-NPP09201PCT can
be suitably used as an anticorrosive coating material in an inner or outer plate part of a ship and a
submerged structure in seawater or freshwater. Specifically, the composition can be suitably used in:
an inner or outer plate part of a ship such as deck, hatch coaming, upper structure part, hull part,
engine room, living quarter, or car hold; a submerged structure in seawater or freshwater, such as a
piping material; and the like.  F2P-NPP09201PCT Claims [Claim 1] An aqueous coating composition,
comprising:         (A) an aqueous 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 (me
)acryloyl groups in a molecule; and         (C) an alkoxysilane compound; wherein:        an equivalent
ratio of an amino group of the aqueous epoxy-based polyami e resin (A) and a (meth)acryloyi group of
the compound (B) ((meth)acryloyl group/amino group) is 0.7 to 2.5; and        a content of the
alkoxysilane compound (C) in a solid content of the aqueous coating composition is 0.2 mass% to 5
mass%. [Claim2]Anaqueouscoatingcomnositionaccordingtoclaiml, wherein 



the aqueous coating composition is a two-component aqueous coating composition comprising a base
resin liquid for a coating material and a curing agent,        the base resin liquid for a coating material
comprising the aqueous epoxy-based pclyamine resin (A) and     the curing agent comprising the
compound (B) and the oxysilane compound (C).  [Claim 31 An aqueous coating composition according
to claim 1 or 2, wherein the aqueous epoxy-based polyamine resin (A) is  F2P-NPP09201PCT
water-dispersible. [Claim 4I An aqueous coating composition accordingany one of claims 1 to 3,
wherein the aqueous epoxy-based polyamine resin (A) has an amino group equivalent of 100 to 3,000.
[Claim 5] An aqueous coating composition according to any one of claims 1 to 4, wherein the aqueous
epoxy-based oolyamine resin (A) is obtained by amine-modification of an epoxy resin, and the epoxy
resin has an epoxy equivalent of 180 to 3,600.  [Claim 6 An aqueous coating composition according to
any one of claims I to 4, wherein the aqueous epoxy-based polyamine resin (A) comprises:        an
aqueous 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 aqueous epoxy-based polyamine resin (A2)
obtained by amine-modification of an epoxy resin (a2) having an epoxy equivalent of 2,000 to 3,200.
[Claira 7] An aqueous coating corrpos it_ ion according to claim 6, wherein a mass ratio of the epoxy
resin (al) and the epoxy resin (a2) (al /a2) is 8/2 to 2/8.  F2P-NPP09201PCT  [Claim 8] An aqueous
coating composition according to any one of claims 1 to 7, wherein the aqueous epoxy-based
polyarrine resin (P) is obtained by neutralizationf                                      o- an amino group of an
epoxy-based oolyamine resin with an acid, and a neutralization ratio in the neutralization is 10% to
70%.  [Claim 91 An aqueous coating composition according to any one of claims I to 8, wherein the
compound (B) has a viscosity at 25C of 3,000 a-s or less.  [Claim 10] An aqueous coating composition
according to any one of claims 1 to 9, further comprising a pigment, wherein the pigment has a
pigment volume concentration of 20% to 50%.  [Claim 11] A metnod of forming a coating film,
comprising applying the aqueous coating composition according to any one of claims 1 to 10 onto a
substrate surface to form a coating film. [Claim 12] A method of forming a coating film according to
claim 11, further comprising applying a top coating material on the coating film to form a top coating
layer. 




