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Description
Title of Invention: WATER-BASED COATING COMPOSITION, AND PROCESS
FOR FORMATION OF COATING FILM AND PROCESS FOR FORMATION OF MULTILEYER
COATING FILM, WHICH COMPRISE USING THE WATER-BASED COATING

COMPQOSITION

Technical Field

(0001} The present invention relates to an agueous coating
compesition, and a method of forming a coating f£ilm and a methed
of forming a multilayer coating £ilm each using the aqueous coating

composition.

Background Art

[oo002] As an anticorresive coating material, a one-component
solvent type coating material containing an alkyd resin as a main
compenent is generally used. Meanwhile, there is a demand for an
agqueous anticorrosive coating material as an environmentally
friendly material. For example, an epoxy ester disgpersion resin
has been proposed as a main binder suitable for the agueous
anticorrosive coating material (see Non Patent Literature 1) . The
epoxy ester disperéion resin has been reported £o be excellent in
salt spray resistance, molsture resistance, water resistance, and
the like as compared to a water-soluble alkyd resin and an acrylic

emulsion resin.



[cC03] However, the alkyd regsin has a problem in that
formaldehyﬁe.is generated when the resin is cured. Further, the
epoxy ester dispersion resin has a problem in that its corrosicn
resistance is not sufficient. Accordingly, there is a demand for
an anticorrosive coating material having additionally excellent

performance.

[0C04] Although & coating £ilm formed with the anticorrosive
coating material may, of course, be used by itself, an additional
improvement in coating film performance may be attained when the
coating £ilm is processed into a multilayer through formation of
another coating film (for example, cn the coating film formed with
the anticorrosive coating material). However, there is a problem
in that, when adhesiveness between the coating f£ilms {(interlayer

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

Citation List

Neon Patent Literature

[0005] [NPL 1] *"“Introduction to Envircnmentally Friendly
Technclogies, Envirommentally Friendly Totally Water Based
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46, HNo. 1, 2002, p. 36-353

Summary

Technical Problem



10006] The present disclosure has been made in order to solve

the ¢onventional problem, and a main object of the present disclosure

ig to provide an agueous coating composition excellent in corrosion
resistance. Another object of the present disclosure is to provide

a method of forming a coating £ilm having excellent corrosion

registance and being excellent in interlayer adhesiveness.

[0006a] In a first aspect of the present disclosure, there is
provided a method of forming a coating film, comprising:
coating a substrate with an agueous coating composition

comprising:

an amine-modified epoxy resin (A) which is obtained by
modifying an epoxy resin having a molecular weight of 2,000 or more,
whichiscalculatedwith “epoxyequivalentx2”, andhavingabisphenol
gskeleton with an amine compound; and

a plasticizer (C) which has a boiling point of 200°C
or more and ils water-insoluble; and

subjecting the aqueous coating composition to air drying.

[000EDL] In a second agspect of the present disclosure, there ig
provided a method of forming a multilayer coating £ilm, comprising:

coating a substrate with the agqueous ccating composition as
defined above to form a coating £film; and

forming a top coating layer on the coating film.



Means for solving the Problems

[0007} According to one aspect of the present invention, an
aqueous coating composition is provided. The agueous coating
compeosition includes an amine-modified epoxy resin (A) which is
obtained by modifying an epoxy resin having a molecular weight of
2,000 or more and having a bisphenol skeleton with an amine compound
and a plasticizer (C) which has a boiling point of 200°C or more

and is water-insoluble.

Inone embodiment of the invention, acontent of theplasticizer
{C) is 10 to 30 parts by mass with respect to 100 parts by mass
in total of the amine-modified epoxy resin (A) and the plasticizer

(C).

In another embodiment of the invention, the amine-modified

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

(B).
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In still another embodiment of the invention, the
amine-medified epoxy resin {(A) has a neutralization ratio of 10

to 80%.

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

mass%.

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

by mass of water.

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

compositicon to form a coating film.

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

& top coating layer on the coating film.

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

multilayer coating film further includes forming an intermediate
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coating layer after the forming of the coating £ilm with the agqueous

coating composition and before the forming of the top coating layer.

In another embodiment of the invention, the method of forming
amultilayer coating £ilm further includes forming an undercoating
layer on the substrate before the forming of the coating £ilm with

the agueous ccating composition.

Advantageous Effects of Invention

faoog] According to the aguecus coating composition cf the
present invention, a coating film to be obtained includes a rigid
bisphenol skeleton in a large amount and is excellent in corrosion
resistance. Basically, anepoxyresinformedofabisphencl skeieton
has high rigidity proportional to its molecularweight. Asrigidity
increases, corrosgicn resistance improves. However, a glass
transition point also increases, which makes it difficult to form
acoatingfilm. Accordingteo the present invention, ahard component
which, ag it is, may not be formed into a coating film as described
above and a plasticizer satisfying specific features are combined,
and thus the aqueous coating composition that achieves excellent

corrosion resistance can be obtained.

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

guch a structure that an amine-modified epoxy resin including a
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rigid bisphencl skeleton in a large amount includes the plasticizer
to form a £ilm. A part of the plasticizer included in the agqueous
coating composition volatilizes at the time of film formation
{(coating) andat the timeofdrying, but alargepart of theplasticizer
is considered to form a coating film in a state of being included
in the amine-modified epoxy resin. The plasticizer has a low water
solubility and a high boiling point, and hence is suppressed from
volatilizing out of the coating £ilm as much as possible. This is
considered to contribute to additionally excellent corrosion
resistance., Further, the coating film formed with the agueous
coating composition of the present invention is excellent in
adhesiveness for other layers. Accordingly, a multilayer coating
film formed according to the the present invention can have not
only additionally improved corrosion resistance due to being a
multilayer but also a characteristic of having a function possessed

by a top coating layer and corrosion resistance in combination.

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

type. Accordingly, a prcblem in storage stability or workability
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based on a curing reactivity does not occur. As described above,
through the use of the epoxy resin having a high molecular weight
itself as a component for forming a ceating £ilm to make the most
of the characteristic of the epoxy resin, an agueous c¢oating
composition having sufficient performance as an anticorrosive
coating material can be obtained. Further, through the use of such
agueous coating compcosition, a method of forming a ceoating fiim
provided with excellent corrosion resistance and excellent from

an environmental perspective as well can be obtained.

Description of Embodiments
[0011] A. Adqueous ccating compogition

An agueocus coating compogition of the present invention
includes an amine-modified epoxy resin (A) and a plasticizer ()
which has a boiling point of 200°C or more and is water-inscluble.
The plasticizer (C), when mixed with the amine-modified epoxy resin
(A) atamassratioofl:1, iscapableofdissolving the amine-modified
epoxy regin (2). The agueous coating composition of the present
invention is preferably a water dispersion or an agqueous solution

of the amine-modified epoxy resin (A).

foo012] The amine-modifiedepoxy resin (A} is typicallyobtained
by modifying an epoxy resin with an amine compound. The epoxy resin
constituting the amine-modified epoxy resin (A) is an epoxy resin

having a bisphenol skeleton. The epoxy resin having a bisphenol
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skeleton has high rigidity and the resin itself has exceilent
corrosion regsistance. The epoxy resin having a bisphenol skeleton
typically has a structure in which bisphencl A and diglycidyl ether
of bisphencl A are condensed with each other, and the structure
is represented by the following general formula (n represents an
integer) .

{Chem. 1]

CH,

CH,

E 1
OH;&%hwmhiO%C:>C<C:>O—CH;HCHE o<c:>c<::}o—CH{wm+—CH2
A4 i . ] N/

o CH, OH  n CH, o

[0013] The bisphencl skeleton preferably accounts for 30 mass%
or more of the epoxy resin. The use of the epoxy resin thus having

high rigidity can provide excellent corrosion resistance.

[0014] The epoxy resin (before modification) has a molecular
weight of 2,000 or more, more preferably 2,000 to 8,500, still more
preferably 3,000 to 8,000. When the molecular weight is lesg than
2,000, corrosion resistance may reduce. When the molecular weight
is more than 8,500, the amine-modified epoxy resin (A) to be obtained
is difficult to disperse or dissolve in water, which may result
in phase separation. Herein, the term "molecular weight" refers
to a value calculated with "epoxy equivalentx2" on the assumption

of having the above-mentioned structural formula.
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[0015] As the epoxy resin, a commercially available product
may be used as it is, or one synthesized by condensing bisphenol
A and diglycidyl ether of bisphenol 2 as described above may he
used. As a method for the synthesis, any appropriate method may
be adopted. As a specific example therecf, there is given a method
for gynthesis involving blending an excess amount of diglyeidyl
ether of bisphencol A in bisphenol A, and heating the resultant in
an organic solvent such as methyl isobutyl ketone with an organic
base guch ag dimethylbenzylamine as a catalyst. Anepoxy equivalent
iz preferably measured Lo monitor the reaction so that the reaction
may be terminatedwhenthe epoxyequivalent reachezsavalueof interest.
The epoxy resin is preferably synthesized in consideration of, for
example, the facts that the modification with an amine compound
is performed in an organic solvent such as methyl isobutyl ketone
and it takes effort to dissclve a solid epoxy resin in the organic
sclvent. It should be noted that the agueous ccating compositicn
may include the organic sclvent used in the synthesis of the
amine-modified epoxy resin {A) but is preferably substantially free

of the organic solvent.

[00%€] The modification is typically performed by causing
ring-opening addition of an amine compound having active hydrogen
to epoxy groups of an epoxy resin which is to serve as a rawmaterial.

Substantially all the epoxy groups are preferably modified.
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Specifically, the epoxy groups aremodified at a ratio of preferably

S0% or more.

[oc17] The amine-modified epoxy resin (A} has a modification
rate of preferably 1 to 10 mass%, more preferably 3 to 8 mass¥%.
When the modification rate is less than 1 mass%, the amine-modified
epoxy resin (A) is difficult to disperse or dissolve in water, which
may result in phase separation. When the modification rate is more
rthan 10 mass%, corrosion resistance or adhesivensss may reduce.
Further, an excessively long drying time may be required to obtain
a coating £ilm. Herein, the "modification rate" is determined with
"amount of amine compound/ (amount of epoxy resin+amount of amine
compound) ." It should be noted that, when a diketiminated product |
to be described later is uged as the amine compound, the "amount
of amine compound” refers to the amount of an amine compound to

be produced in the resin after hydrolysis.

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

to appear upon neutralization to be described later, which improves

10
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coating film physical properties such as adhesiveness.

fools] As a method for the modification with an amine compound
(ring-opening addition), any appropriate method may be adopted.
For example, there is given a method involving dissolving an epoxy
regin which is to serve as a raw material in an organic solvent,
adding an amine compound in a substantially eguivalent amocunt to
that of an epoxy group possessed by the epoxy resin, and then heating

the mixture as required.

[0020] The amine-modified epoxy resin (A} preferably has an
amino group neutralized with an acid compound (B). This is because
the neutralization allows the amine-modified epoxy resin (A) to

be satisfactorily dispersed or dissolved in water.

[0021] Examples of the acid compound (B) include: inorganic
acids such as hydrochloric acid, nitric acid, and phosphoric acid;
and organic acids such as carboxylic acid compounds including formic
acid, acetic acid, propionic acid, and lactic acid, and sulfamic
acid. They may be used alone or in combinaticn. Of those, organic
acids are preferred, and carboxylic acid compounds are particularly
preferred. This is because an agqueous coating composition to be
obtained may have additionally excellent corrosion resistance
{particularly when drying is performed at ordinary temperature).

Of the carboxylic acid compounds, acetic acid is preferred in

11
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ceonsideration of volatility.

[0022] A neutralization ratio (ratio of an acid equivalent to
the equivalent of an amino group possessed by the amine-modified
epoxy resin (A)) is preferably 10 to 80%, more preferably 15 to
80%. When the neutrazlization ratio is lessg than 10%, the
amine-modified epoxy resin (A) is difficult to disperse or dissolve
in water, which may result in phase geparation. Wheri the

neutralization ratioc is more than 80%, water resistance may reduce.

[ooz23] Whether the amine-modified epoxy resin (&) is dispersad
in water or dissclved therein may be determined through adjustments
of, for example, the molecular weight and amount of aminoc groups
of the amine-modified epoxy resin (&), the kind of amine compound
to be used in the modification, the kind of acid compound (B) to
be wused, and the blending amount of the acid compound (B)
(neutralization ratic). The amine-modified epoxy resin (A) is
preferably formed into a water dispersion. When the amine-modified
epoxy resin (A) is a water dispersion, additionally excellent

corrosion resistance may be provided.

10024] As described above, the agquecus coating composition of
the present invention includes the plasticizer (C). The use of the
plasticizer (C) allows the provision of an aqueous coating

compogition having sufficient performance as an anticorrosive

iz
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coating material without sacrificing the rigidity (corrosion
resistance) of the epoxy resin. The plasticizer (C), when mixed
with the amine-modified epoxy resin (A) at a wmass ratio of 1:1,
is capable of dissolving the amine-modified epoxy resin (A). When
the dissclution property of the plasticizer (C) is not sufficient,
a problem such as phase separation may occur and an agueous coating

composition may not be obtained in a satisfactory manner.

{0025] The plasticizer ()} is water-inscluble. As the
plagticizer () is water-insoluble, excellent corrosion resigtance
may be provided. Herein, the term "water-insoluble" refers to a
state of being not freely miscible with water and refers to a state
of being substantially insoluble in water. Specifically, the
plasticizer (C) preferably has a water solubility of 10 parts by
mass or less in 100 parts by mass of water. When the water solubility
is more than 10 parts by mass 1in 100 parts by mass of water, corrosion

resistance may reduce.

[C028] The plasticizer (C} is liquidat roomtemperature (25°()
and has a viscosity of preferably 1,000 mPa" s or less, more preferably

500 mPa-g oxr less.

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

less than 200°C, corrosion resistance may reduce.

13
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[co28} Specificexamplesof theplasticizer {(C) include: glycol
ether-based compounds such as diethyiene glycol dibutyl ether
{dibutyl diglycol, DBDG), ethylene glyccl monophenyl ether (phenyl
glycol, PhG}, diethylene glycol monophenyl ether {(phenyl diglycol,
PhhGE) , ethylene glycol moncokenzyl ether (benzyl glycol, BzG8),
propylene glycol monophenyl ether {(phenyl propylene glycol PhFG),
dipropylene glycol monopropyl ether (propyl propylene diglycol,
PFDG), dipropylene glvyvcol monobutyl ether (DPnB, butyl propylene
diglycol, BFDG), tripropylene glycel monobutyl ether (TPnB), and
polypropylene glycol #1000; and carboxylic acid ester-based
compounds such as DBE (dibasicacidesters), dibutyl phthalate (DBP),
di-Z-ethylhexyl phthalate (DOP), diisononyl phthalate (DINP;,
diisodecyl phthalate (DIDP), diheptyl phthalate (DHP), di-n-octyl
phthalate (N-DOP}, butylbenzyl phthalate (BBP), ethylphthalylethyl
glycolate, di-2-ethylhexyl adipate (DOA), and dibutyl diglyeol
adipate (BXA). Further, as a commercially available product,
Sclvesso 200 (manufactured by Exxon Chemical Company) may be usged,
They may be used alone or incombination. Of those, a compound having
no ester bond in the molecule is preferably used in consideration
of long-term stability. Further, a glycol ether-based compound is

preferably used in consideration of odor.

[0C29] The content of the plasticizer (C) is preferably 10 to

30 parts by mass, more preferably 15 to 30 parts by mass with respect

i4
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to 100 parts by mass in total of the amine-modified epoxy resin
(&) and the the plasticizer (C} ({(A)+(C)). When the content is less
than 10 parts by mass, a crack may occur in a ceoating £ilm. When
the content is more than 30 parts by mass, an excessively long drying
time may be required to obtain a coating film. Further, the content
of the plasticizer (C) in the agueocus ccating composition is
preferably 10 mass% or less from the viewpoint of using a volatile

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

[oo0z0] The aqueous coating compositionof the present invention
preferably includes an agueous medium containing water as a main
component. The agueous medium may contain an organic seolvent that
issolubleinwater. Specificexamplesoftheorganicsolvent include
ethylene glycol, propylene giycol, ethylene glycol monobutyl ether,
propylene glycoel monobutyl ether, diethylene glycol, dipropylene
glycol, and diethylene glycol monobutyl ether. From the viewpoint
of using the VOC in an amount as small as possible, the amount of

the organic solvent is preferably as small as possible.

i0031] The total of the content of the amine-modified epoxy
resin (&) and the content of the plasticizer {C} in the agqueous
coating composition is preferably 15 to 40 mass%. When the total
content is less than 15 mass%, an appropriate coating £ilm may not
pe cbtained. When the total content i1s more than 40 mass%, the

stability of the coating material may reduce.

15
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o032} The aqueous coating composition of the present invention
may include a pigment. Specific examples of the pigment include:
color pigments such as titanium oxide, yellow iron oxide, red iron
oxide, carbon black, phthalocyanine blue, phthalocyanine green,
aze red, guinacridone red, and benzimidazolone vellow; extender
pigments such as calcium carbonate, barium sulfate, kaolin, clay,
and talc; and anti-rust pigments. The concentration of the pigment

in the agqueous cecating composition is preferably 10 to 50 mass%.

[6033)] The agueous coating compositionof the present invention
may include an additive. Specific examples of the additive include
a dispersant, a viscosity adjuster, a curing catalyst, a surface
conditioner, a defoamer, a plasticizer, a film forming aid, an
ultraviolet absorbing agent, an antioxidant, and a curing agent.
It should ke noted that, although the agueous coating composition
of the present invention does not need a curing agent, the curing
agent may be used as appropriate when, for example, a coating £ilm
is regquired to have a characteristic at an additionally high level.
As the curing agent, there may be used, for example, an isocyanate
compound and a melamine compound. Alternatively, when the
amine-modified epoxy resin (A} has a primary or secondary amino
group, a compound having a plurality of (math)acryloyl groups or

a compound having a plurality of epoxy groups may be used,
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[00324] The aqueous coating compositioncef the pregent invention
is preferably obtained by mixing the amine-modified epoxy resin
(&), the plasticizer (), and the aqueous medium with each other.
When the acid compound (B) is used, the acid compound (B) is added
at any appropriate timing. The acidcompound (B) ispreferably added
after the amine-modified epoxy resin (A) obtained by modifying an
epcxy resin with an amine compound and the plasticizer (C) have
been mixed with each other. In an embodiment, the plasticizer (C)
igs added to a solution of the amine-modified epoxy resin (&) in
anorganic solvent, and the acid compound (B} is further added thereto
to prepare a mixture. After that, the resultant mixture is added
dropwise to the agueous medium, or the aqueous medium is added to
the resultant mixture to disperse or dissclve thelmixture, and the
organic solvent is then distilled off. Thus, the agqueous coating
composition is produced. The amine-modified epoxy resin (A) may
be obtained as an organic solvent solution, and hence, as in this
smbodiment, the ocrganic solvent is preferably eventually distilled

off.

[0035] The plasticizer (C} may be used as an corganic solvent
in the production ¢f the amine-modified epoxy resin {A) and thus
be blended into the agueous coating compesition. The use of the
plasticizer {C) as an organic sclvent can suppress the total usage
¢f organic solvents. In the production of the agueous coabting

composition, the above-menticned other components may each be added

17
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at any appropriate timing.

[c038] B. Method of forming (multilayer) coating f£ilm

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

tin, zinc, aluminum, and stainless steel.

{003av7] Examples of an object tc be coated having metal on its
surfaces (outer and inner surfaces) include ships, vehicles (e.g.,
railway vehicles, large vehicles), ailrcraft, bridges, marine
structures, plants, tanks {(e.g., petroleum tanks), pipes, steel
tubes, and cast lyon tubes. The agueous ccating composition is
applicable to architectural structures and civil engineering

structures as well as the foregoing.

f0038] As a typical coating method, there is given a method
involving applying the agueous coating composition onto an object

to be coated (substrate), followed by drying. The aguecus coating

18
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composition of the present invention allows coating to be performed
in such a simple manner that, for example, a step such as
electrodeposition ig not necessary. As an application method, any
appropriate method may be adopted depending on the kind of the object
to be coated (substrate) and the like. Examples thereof include
application by means of a brush, a roller, an air spray, an airless

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

[0038] The application amount the agueous coating composition
may be set toanyappropriateapplicationamount dependingonintended
uge and the like. The application amount is preferably 10 to 400

2

g/m”.

foo4o0] Asadryingmethod, any appropriate method may be adopted.
Alr drvingor heat drying ispreferred. Inthecaseoftheairdrying,
a drying time is preferably 2 hours or more, more preferably 24

hours or meore.

{0041] The coating £ilm to be formed through coating with the
aquecus coating composition has a thickness of preferably 10 to
100 pum, more preferably 20 to 100 um. When the thickness is more
than 100 um, a problem such ag the occurrence of dripping may occur

at the time of coating.

[0042] An additional coating £ilm (layer) may be formed before

19
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and/or after the formation of a coating £ilm through coating with
the aquecus coating composition. In an embodiment, after coating
with the aqueous coating composition has been performed to form
a coating £ilm, the coating filmis ceoatedwitha top coatingmaterial
to form a top coating layer. The formation of the top coating laver

additionally improves outer appearance and corrosion resistance.

[c043] Any appropriate coating material may be adopted as the
top coating material. Examples thereof include an
epoxy/amine-baged coatingmaterial, a two-component urethane curing
type coating material, a one-component urethane curing type coating
material, a carbodiimide curing type coating material, an alkyd
resin-based coating material, an acrylic resin-based coating
material, and an acrylic silicone resin-based coating material.
The top coating material may be a solvent type or an aguecus one,
and is preferably an agueous one because an environmental lcad may

be reduced.

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

like. The thickness is preferably 10 to 150 um.

20
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[0045] Before the formation of a coating film through coating
with the agueous coating composition, the substrate may be coated
with an undercoating material to form an undercoating layer. The
formation of the undercoating layer provides additionally excellent
corrosion resistance, which is well applicable to a case reguiring

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

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

one because an environmental load may be reduced.

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

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

[0048] After the formation of a coating f£ilm through coating
with the aqueous coating composition, the coating £ilm may be coated

withan intermediate coatingmaterial to forman intermediate coating
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layer. The formation of the intermediate coating layer may provide
additionally excellent corrosion resistance. The topcoating laver

is preferably formed after the formation of the intermediate coating

layer.
foo4ag] Any appropriate coating material may be adopted as the
intermediate coating material. Examples therecof include an

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

an environmental load may be reduced.

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

to 100 pm.

[cos1] The top coating material, the intermediate coating
material, and the undercoating material may each contain a pigment,

an additive, and the 1ike. Examples of the pigment and the additive
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include the pigments and additives described in the above-mentioned
section &. The number, kinds, and amounts of pigmentes and additives

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

[0052] Ag 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 agueous coating

composition.

Examples

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

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

[0054] {Production Example 1) Production of pigment paste

10 parts of water, 0.1 part of hydroxyethyl cellulose, 3 parts
of a pigment dispersant (manufactured by BYK-Chemie, trade name
"Disperbyk-190"), 10 parts of talc, 8 parts of calcium carbonate,

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

a digper to produce a pigment-dispersed paste.

[0055] {(Example 1)

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

serve as a raw material.

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

bisphencl skeleton.

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

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

composition (water dispersion).

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

for 10 minutes to give a white agusous coating composition.

[0056] (Example 2)

1,939 parts of diglycidyl ether of bisphenol Aand 1,061 parts
of bigphenol Awere dissolvedinl, 000 parts of MIBK. Tothesolution
were added 4 parts of dimethylbenzylamine, and the mixture was
subjected to a reaction continucusly until an epoxy equivalent
reached 3,000 to give an epoxy resin having a bisphenol skeleton

which was to serve as a raw material,

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

resin (A} having a bisphenol skeleton.

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

amine-modified epoxy regin (A) and the plasticizer (C)) were addad,
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and 48 parts of 90% acetic acid as the acid compound (B} were then
added toperformneutralization {(neutralizationratio: 38%). While
the resultant was kept at $0°C with stirring, 4,631 parts of water
were gradually added thereto to achieve homogeneity. In addition,
under reduced pressure at 50°C, 2,324 parts of a mixture of MIBK
and water were distilled off to give a clear type agquecus coating
composition {water dispersion}. Further, a white agueous coating

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

foes7] {Example 3}

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

coating composition was obtained.

[Cos8) (Example 4)

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

the amine-modified epoxy resin (A) having a bisphencl skeleton.
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1,543 parts of tripropylene glycol n-butyl ether as the
plasticizer {C} {30 mass% with respect to the total amount of the
amine-modified epoxy resin (&) and the plasticizer () ) were added,
and 38 parts of 90% acetic acid as the acid compound (B) were then
added toperformneutralization (neutralizationratio: 60%}. While
the resultant was kept at 90°C with stirring, 5,773 parts of water
were gradually added thereto to achieve homogeneity. In addition,
under reduced pressure at 50°C, 2,333 parts of a mixture cf MIBX
and water were distilled off to give a clear type agueous coating
composition {water dispersion). Purther, a white aguecus coating

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

[0059] (Comparative Example 1)

A white agueous coating composition was obtained in the same
manner as in Example 1 except that an equal amount of butyl diglyccl
was used as theplasticizer (C) inplaceof dipropylene glycel n-butyl

ether.

0060} {Comparative Example 2)

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

dipropviene glyccl n-butyl ether.

[0o61] (Comparative Example 3)
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A white agueous coating compogiticon was obtained in the same
manner as in Example I except that the epoxy resin having a bisphencl
skeleton which was to serve as a raw material was changed to 925
partsof anepoxyresinhavinganepoxyeguivalent of 925 (manufactured

by Japan Epoxy Resins Co. Ltd., grade: 1004}.

[ooe62] (Comparative Example 4)

A white agueous coating cowmposition was ocbtained in the same
manner as in Example 1 except that, in obtaining the epoxy resin
having a bisphencl skeleton which was to serve as a3 raw material,
the amounts of diglycidyl ether of bisphencl A and bisphenol A were
changed to 528 parts and 410 parts, respectively, 563 partg of
polypropylene glycel diglycidyl ether having a molecular weight

of 630 were used, and the plasticizer (C) was not used.

[0063] The details of the plasticizer (C) used in each of the
Examples and Comparative Examples are as follows.

Dipropylene glycol n-butyl ether (DPnB) : viscosity: 5mPa-s; boiling
point: 229°C; water solubility: 6

DBRE: viscesity: 6 mPa-s; boiling point: 200°C; water solubility:
5

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

Butyl diglycol (BDG}: viscosity: 5 mPa-s; boliling point: 230°C;

water solubility: =
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Propylene glycol n-butyl ether (PnB): viscosity: 3 mPa-s; boiling

point: 170°C; water golubillity: &

[0064] <Evaluationss>
The agueous coating compositions cobtained in the foregoing

were evaluated by the following methods. Table 1 shows the results.

(Outer appearance of coating f£ilm)

A polished steel sheet degreased with xylene was coated with
each coating composition in an amount of 1490 g/mz'using a brush,
and the resultant was dried at room temperature for 24 hours. The
outer appearance of the thus-obtained coating £ilm was visually
ocbserved and evaluated based on the following criteria.

G: No abnormality

x: Occurrence of a crack or peseling

{(Drying time)

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

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

x: 8ticky feeling at the finger tip, or a fingerprint left
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on the coating film upon release cof the finger

(Water-resistant adhesiveness)

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

give a test sheet.

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

¢: All squares left on the surface

x: Some squares left on the surface

xx: No sguare left on the surface

{(Corrogion registance)
The obtainsedcoatingcompesitionwasappliedontoasandblasted
steel sheet at 140 g/w® with a brush and dried at 20°C for 7 days

to give a test sheet.

The resultant test sheet was subjected to a cyclic corrosion
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test defined in JIS8 K 5600 7-7, and the state of the coating film

after 120 cycles was evaluated based on the following criteria.

Ratio ¢f area of rust generated on the coating £ilm to the
area of surface of test sheet

©: Less than 0.05%

2: 0.05% or more and less than 0.1%

A: 0.1% or more and less than 0.3%

x: 0.3% or more

(Storage stability)

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

©: No change even after a lapse of 1 month

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

x: A precipitation observed after a lapse of 1 day
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(0065} iTable 1]
Example 1 Example 2 Example 3 Example 4
Ml lar
cLecuLa 3,000 6,000 6,000 2,000
weight
Amine-modified . . . DETA DETA . .
: i Di al . . . C e I
epoxy resin (A} Amine compound butylamine diketimine dikerimine iethanolamine
Modification 65 45 53 25
rate
4 Eind 90% A;etlc _ _ _
Acid compound acid
B - .
(B) Neutra{}zatlon 208 28% 38% 60%
ratrio
o
. DPnB PnB . ?BE . TPni
Kind alveol ather Glyecel Dibasic acid alveol ether
rPlasticizer Y ether ester s
) Boiling peint 229 229 200 274
Solubility 3 & 5 3
Content 15% 25% 25% 30%
outer
appearance of o o o] s
coating f£ilm
Drying time o o o o
. Water-resistant
Evaluaticns , G o
adhesiveness @ ©
Corrosion
. @ ®
resistance © @ @ ©
torage
o o
stability @ ©® ©
Comparative | Comparative | Comparative Comparative
Example 1 Example 2 Example 3 Example 4
Mol 3
cLecULar 2,000 6,000 1,850 3,000
welight
Amine-modified . . . DETA . . .
. Ami compot Dibutylam , .. D I i ibutyl
epoxy Tesin (A) ne pound i ¥ ine | ivetimine ibutylamine Dibutylamines
rrrg—
Medification oy 38 s 1%
rate
, 90% Acetic
. Kind - - - -
Acid compound L7 acid
B trali i
(B} Neutralization 20% 3g% 208 205
ratio
. BDG P DenR
Kind Glycol Glycol Glycol ether N
lasticizer ¥ ather Y
{c) Boiling point 230 170 229 -
Solubility o 6 & -
Content 15% 25% 15% -
Outer
appearance of @ o o o
coating £ilm
Drying time <} o o o
s Water-resistant
Evaluations . x ® KK X
adhesivenass
Corrosion
. x x X x
resistance
Storage @ ® o) o)

gtability
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[006¢6] Fromeachof the agquecus coating compositions of Examples
1 to 4, & coating film having excellent corrosion resistance and
water-resistant adhesiveness was obtained. On the other hand,
gsufficient corrosion regsistance was not obtained with each of the

aguecus coating compositions of Comparative Examples.

[co67] (Examples A to K} Formation of multilayer coating f£ilm

A substrate was coated with the agqueous ccating composition
of Example 1 or Example 2 above to form a coating film, and then
coated with a top coating material to form a multilayver coating

£ilm.

[c068] The details of the top coating material used are as
follows.
(Top coating material)
1. Sclvent type epoxy/amine-based coating material

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

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

As the solvent two-component urethane-based coating material

33



F2P-NPP11066PCT

B, "NIPPE URETQCP ECO" {(frade name}! manufactured by NIPPON PAINT
Co., Ltd was used.
4. Acueous epoxy/amine-based coating material

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

s the aqueous two-component urethane-based coating material
A, anaqueous two-component urethane-based coatingmaterial produced
in Production Example 3 below was used.
& . Aguecus two-component urethane-based ccating material B

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

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

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

4 bpelow was used.

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

34.5 parts of ion-exchanged water and 0.3 part of a scodium
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alkyl diphenyl ether disulfonate (manufactured by Kao Corporaticn,
trade name "PELEX S8S5-H"} were loaded and heated in a nitrogen
atmosphere to 80°{. Next, a monomer mixed solution inciuding, as
monomers, 14 parts of styrene, 58 parts of 2-ethylhexyl acrvliate,
22 parts of methyl methacrylate, 4 parts of ethylene glycol
dimethacrylate, and 2 parts of methacrylic acid, and as a chain
transfer agent, 0.3 part of lauryl mercaptan was prepaved. The
resultant monomer mixed sclution had an acid value of 13 mgKOH/g.
The monomer mixed scluticnwas addedtoanemulsifier agueocus sclution
of 1.2 parts of a sodium alkyl diphenyl ether disulfonate
(manufactured by Kao Corporation, trade name "PELEX SS-HY") in 50
parts of lon-exchanged water, and the mixture was emulsified with

a mixer to prepare a pre-emulsion.

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

a 200-mesh metal screen to give an acrylic emulsion resin.
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Subsequently, 1.9 parts of a pigment dispergant {manufactursd
by BYK-Chemie, trade name "Disperbyk-132C"), (.3 part of a defoamer
(manufactured by BYK-Chemie, trade name "BYK-0139%"), 18.6 parts of
titanium oxide, 10.3 parts of calcium carbonate, 8.5 parts of talc,
2.9 parts of an anti-rust agent {manufactured by KIRKUCHI COLCR &
CHEMICALS CORPORATION, trade name "LF BOUSEI PM-3C03W"), and 12.1

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

To the dispersion were added 41 parts of an emulsified epoxy
resin (manufactured by ADEKA CORPCRATION, trade name "ADEKA RESIN
EM-101-50, "epoxyequivalent: 500g/equivalent, solidcontent: 47%),
l1.7parts of a £ilm forming aid (manufactured by CHISSC CORPORATION,
"Cs5-12%), 0.4 part of an anti-rust agent, 0.2 part of a defocamer,
and 17 parts of the acrylic emulsion resin produced in the foregoing

to give a base resin liquid for a coating material.

Further, 8.2 parts of a water-solukle polyvamine resin Sunmide
(manufactured by Air Products and Chemicals, Inc., trade name
"WH-910, " active hydrogen egquivalent: 135 g/equivalent {(in terms
of solid content), solid content: 60%) and 11.2 parts of water were

mixed with each other to give a curing agent.

The base resin liguid for a coating material and the curing

agent were mixed with each other and stirred with a disper to give
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an agueous epoxy/amine-based coating material.

[0670] (Production Example 3} Production of agqueous
two~component urethane-based coating material

22 partsof water, é partsof apigment dispersant (manufactured
by BYK-Chemie, trade name "Disperbyk-190"), 70 parts of titanium
oxide, 1 part of a defoamer (manufactured by BYK-Chemie, trade name
"TBYK-011," diluted to 10% before wuse), and 0.4 part of a
dimethylethanolamine aqueous solution (25 mass¥%) were mixed with

¥

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

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

acrylicpolyol (manufactured by DIC Corporation, trade name "BURNOCK

WE-306"), 0.4 part of a surface conditioner (manufactured by
BYK~Chemie, trade name "BYK-346"), (.05 part of a leveling agent
{manufactured by BYK-Chemie, trade name "BYK-333%"), 0.4 part of

a surfactant (manufactured by Alr Products and Chemicals, Inc.,
trade name "DYNOL 604"), 0.5 part of a viscosity adjuster
(manu.facturad by Rohm and Haas Company, trade name "Primal RM-8W"),
0.1 part of a dimethylethanclamine agueous sclution (25 mass%),
and 2 parts of a defoamer {(manufactured by SAN NOPCO LIMITED, trade
name "8N-Defoamer 373") were mixed with each other and stirred with

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

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

two-component urethane-based coating material.

foo71] (Préduction. Example 4) Production of agqueous
carbodiimide-based coating material

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

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

To360partsofasolutionobtainedbydiluting the carbodiimide
compound with methyl isobutyl ketone to 50 masst were added 0.02
part of dibutyltin laurate and 165 parts of polypropylene glycol
having a molecular weight of 2,000, and the mixture wasg subjected
to a reaction at 85°C for 1 hour. Subsequently, 125 parts of
polyethylene glycol monomethyl ether having 15 repeat units were
added thereto, and the resultant mixture was subiected to a reaction

at 85¢C for 1.5 hours.

After the confirmation of disappearance of the isocyanate

groups with an infrared spectrophotometer, 920 parts of
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ion-exchanged water were added and the mixture was stirred to
homogeneity. Methyl isobutyl ketone and water were distilled off
at 40°C under reduced pressure so that an effective component was
adjusted to 40 mass% to give an aqueous carbodiimide curing agent

having a carbodiimide equivalent of 825 g/equivalent.

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

a ceating material.

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

agqueous carbodiimide-based coating material.

[oc72] The resultant multilaeyer coating filmwas evaluated for
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its water-resistant adhegiveness by the same method employed for

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

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

III") applied onto its surface in advance.
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[0074] [Table 2]
Example A Example B Example C Example D Example E Example F
Substrate Polished Bolished Zine-plated Zinc-plated Aluminum Aluminum
= steel sheet | stesl sheet steel sheet | steel sheet sheet sheet
Kind of
coating Example 1 Bxample 1 Example 2 Example 2 Bxample 2 Example 2
material
A kpplication goc 258C 5oC 250¢ sag 25°¢
due C.ms environment -
coating Application
composit PR o brush brush brush brush brush brush
ion method
- Applicaticn . z > N p 2 2 . 3
amount 140 g/m 140 g/m 140 g/m 140 g/m 100 g/m 140 g/m
Drying 59Cx1 day 2550x1 day so0xl day 25°0x1 day 590%1 day 25°Cx1 day
environmant
Sclvent
. - type Seclvent type | Selvent type | Scolvent type Agqueous hqueous
Find of . N N . : N .
coating epoxy/amine | epoxy/amine~ 2K urethane 2K urethane | epoxy/amine-b | epoxy/amine-
; ~based based coating coating coating ased coating based coating
material . . . . N .
CRATING material material A material & material material
material
Top Application
1 - o o © HEo o I50
coatzing environment 25eC 25eC 25°eC 25°C 25°C 5eC
material Application
BP . brush brush brush brush brush brugh
method
Rpplication H 2 E 2 2 2
M 200 200 10 i hs 140 i
amount g/ g/ 100 g/m 0 g/m 40 g/m g/m
Drying e 3 o ol anh ar~ o o
envivonment 25°0x1 day 25°Cx1 day 259Cx3 day 25eCx1 day 25°Cx1 day 25°Cx1 day
Water-rjesistant o o o s o o
adhesiveness
Example G Example ¥ Example I Example J Example K
Zinc
Substrate 3lass sheet 5late sheet Piastic Duil steel phosp‘nateﬂc_re
sheet sheet ated steel
sheet
Kind of
ceating Example 1 Example 2 Exampie 2 Example 1 Example 2
material
R Application o o o o o
.:g:i?\;; P 25eC 25eC 25°C 25°C 259°C
composit hpplication Spray Roller Roller Airless Airless spray
+on method spray -
Application 2 2 z ] »
mount 140 g/w 250 g/m 140 g/m 250 g/m 140 g/m
D'ry.lzlg Be0x1 day 25°Cx1 day 25°Cx1l day B0°Cx20 min B0°Cx20 min
environment
. Agqueous 2K Laueous {Aque‘o_u s . Solvent type Aguecus 2E
¥ind of . carbodiimide -
. urethane-ba | emulsicn-bas . 2K urethane | urethane-base
coating . . ~pased . .
material sed coating ed coating coatin coating d coatring
material A material . g material B material B
material
Top Application 25°C 25°C 35°C 25°C a5eC
coating environment
material | hpplication Spray Roller Roller airless Rirless spray
method SRrEY
kpplication N 2 2 N i F 2
meunt 120 g/m 12¢ g/m 120 g/m 120 g/m 120 g/m
brying 2500x1 day | 25°Cx1 day 252C%1 day | BOSCx20 min | 80°Cx20 min
enpvironment
Water-rf:smstant o o o ° o
adhesiveness
[0075] (Comparative Examples)
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Multilavyer coating films were each obtained in the same manner
as inExample B except that any one of the aqueous coating compogsitions
of Comparative Examples 1 to 4 was used in place of the aqueous

coating composition of Example 1.

Bach of the regultant multilayer coating fiims was evaluated

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

[007¢] As shown in Table 2, in each of Examples, the multilayer
coating film formed by the method of forming a multilayer coating
film according to the present invention was excellent in
water-resistant adhesiveness. The multilayer coating £ilm formed
by the method of forming a multilayer coating £ilm according to
the present invention was excellent inwater-resistant adhesiveness
and corrosion resistance, which suggested sufficient adhesiveness
between the coating £ilm formed with the agqueous coating composition
used in the the present invention and a top coating layer in the

multilayer coating film.

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

is insufficient.

42



F2P-NPPI1066PCT

Industrial Applicability

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

in architectural structures, such as doors and window frames.
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Claims

[Claim 1] A method of forming a ccating f£ilm, comprising:
coating a substrate with an agueocus coating composition
comprising:
an amine-medified epoxy resin (A) which is obtained by
modifying an epoxy resin having a molecular weight of 2, 000 or more,

whichiscalculatedwith “epoxyegquivalentx2”, andhavingabisphenol

skeleton with an amine compound; and

a plasticizer (C} which has a boiling point of 200°C

or more and lg water-insoluble; and

subjecting the agueous coating composition to air drying.

[Cilaim 2] A method of forming a coating £ilm according to claim
1, wherein a content of the plasticizer {(C) is 10 to 30 parts by

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

epoxy resin (A} and the plasticizer (C}.

[Claim 3] A method of forming a coating £ilm according to claim
1 or 2, wherein the amine-modified epoxy resin (A) has an amino

group neutralized with an acid compound (B}.
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[Claim 4] A method of forming a coating film according to claim
3, wherein the amine-modified epoxy resin (A) has a neutralization

ratio of 10 to 80%.

[Claim 5] A methed of forming a coating £ilm according to any one

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

a modification rate of 1 to 10 mass%.
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[Claim 6] A method of forming a coating film according to any one
of claims 1 to 5, wherein the plasticizer (C) has a water solubility

of 10 parts by mass or less in 100 parts by mass of water.

[Claim 7] Amethod of forming a multilayer coating £ilm, comprising:
coating a substrate with the agueous coating composition
according to any one of claims 1 to 6 to form a coating £ilm; and
forming a top coating layer on the coating film.
10
[Claim 8] A method of forming a multilayer coating film according
toclaim 7, further comprising forming an intermediate coating layer
after the forming of the coating film with the agueous coating
composition and before the forming of the top coating layer.
15
[Claim 9] A method of forming a multilayer coating f£ilm according
to claim 7 or 8, further comprising forming an undercoating layer
on the substrate before the forming of the coating f£ilm with the

agqueoug coating composition.

20
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F2P-NPP11066PCT

WATER-BASED COATING COMPOSITION, AWND PROCESS FOR FORMATION OF
COATING FILM AND PROCESS FOR FORMATION OF MULTILAYER COATING

FILM, WHICH COMPRISE USING THE WATER-BASED COATING COMPOSITION

ARSTRACT
The present invention provides an agueous coating

composition excellent in corrosion resistance.

The aqueous coating composition of the present invention
includes an amine-modified epoxy resin (A} which is obtained
by modifying an epoxy resin having a molecular weight of 2,000
or more and having a bisphencl skeleton with an amine compound
and a plasticizer (C) which has a boiling point of 200°C or

more and is water-insoluble.

No Suitable Figure
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