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 coatin@2 adRgRSGRAPAR
[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 obthe-aqueous coating material include an aqueous coating
material which includes: as a base resin, a mixture obtained by blending a variety of pigments and
additivesTintawate=salublenpdlyaminereEsiy: BRSEpDXyCrEsin @ nudsionsand an agrylic EsHITon $esin
emulsion containinga glycidyl group and an alkoxysilyl group (Patent Documen [0003]However, in the
case of ushiyg acMag Teaction 6iGhe Bpexy résin 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] TheSpregertinvéntforfhas been made to solve the conventional problem, and an object of the
present invention is to provide an agueous coating compaosition which is excellent in low-temperature
curability &1d ¢apable of Fo¥miRG S CoAting i extelteritin Tofrosion raRistiHte® Means3brstivine the
Problemg 00006;,61\[_1 agueous, cga)agl%gC %rgpggi;gjo?ggfggrdin%tocggg%bodﬁ%qt of the present invention
includes(P)an aqueous epoxy-based polyamine resmnﬁavmg one or ore 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. agueousiepaxy-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 contentcof the aqueods£oating compasitior is 0:2,52R-NAPARZURCT mass¥% e smass%.
Inapreferredembodimentofthe vent on, theaqueouscoa ng composition is a two-component aqueous
coating comppsitioneamprising a baseesimkguicrippacoating:matedal and=aeuring-agentthe base
resin liquid for a coating material comprising the aqueous epoxy-based polyamine resin (A) and the
curing agerdt comprising theacompdumd(8)y andrthe atkoxysitane spmpounds(G). andphnian preférred
embodiment of the invention, the aqueous epoxy-based polyamine resin (A) is water-dispersible.
In a preferrad epbodirnent of tHesinvéntion LHhersgdcoassepoxyibdsad: polyamirre sesif {ADwas an
amino group equivalent of 100 to 3,000. In a preferred embodiment of the invention, the aqueous
epoxy-baset polyaniine Pesifi 1A) 7 obtaihBd by amihe-madifie SHi6r? BE aR oy F8#T: @hddhe epoxy
resin has an epoxy equivalent of 180 to 3,800. In a preferred embodiment of the invention, the
aqueousaéﬁtﬂ@&lﬁa%t?% JokaRTiE RN AT InclGdBS "4t aGdebls £poRy2Fadsd PO Te8h (Al
obtained by, aminermagification of an.epoxy resin,(al haying,an egoxy, equivalent of 499 ¢ 4,500; and
blending a variety of pigments and additives in a water-soluble
polyamine resin; an epoxy-resin emulsion; and an acrylic silicon
resin emulsion containing a glycidyl group and an alkoxysilyl group

(Patent Document 1).

[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 filmwhich exerts practical performance at low temperature

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



agueousepoxy-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. Ina pl@@ﬁ[\épdp 8A?946rent of the
invention, the aqueous epoxy-based polyamine resin (A) is obtained by neutralization of an amino
group of an epoxy-based oolyaml 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 mPasAr lessipe ra thadreferred 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

Imisprovided. Themethodofformingacoating film includes applying the aqueous coating composition
onto a Subistraté surface tonform 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 E6atd TillHA6 ¥619A & top coating layer. Effects of the Invention [0007]The aqueous coating
compositionofthepresenie ion includes: (A) an agueous epoxy-based oolyamine resin having one or
more phffan amino grdiigs and/or Sedoridah{ aminé groups in a molecule; (B) a compound having
one or more (meth)acryloyl groups in amolecule; and (C) analkoxysilane compound. Hence, the
agueous coating composition of the present invention exhibits excellent low-temperature curability and
is capable of fgrming ai%?;%%ﬂ%@'x@ excellent in corrosion resistance. Description of Embodiments
[0008] Outing of agueous coating composition An aqueous coating composition of the present
inventign. includes; (A) an aguequs %em%gasl%qjggll%/?%ne resin having one or more primary amino
groups and/or secondary amino groups in a molecule; (B) a compound having one or more
(meth)ageryloyi groups ingdmeleculenand; (G)an-alkaxysilane compoynd.In the aquepus ¢oating
composition of the present invention, a curing reaction of the aqueous epoxy-based polyamine resin A)
and the-eprmpaund (B) iscasisedito pseceedby-mixng thesercampoeunds, to Thergby allow:a coating
filmtobe formed. Theaqueousepoxy-basedpolyamineresin F2P-NPP09201PCT (A) and the
compound (Bpedniandergacueuing reaction @venmbdow temperaturer(eig , Steernless):, and hence
the aquecus coating no position of the present invention is excellent in low-temperature curabilityln
addition cthetagjueous toating coaiposition efrthepreséntdneentionecam forean awcoating fifm Bxcellent in
adhesive property to a substrate because the composition includes the alkoxysilane compound (0) .
Such exéélfent adhesive prop beachievedeveminghe 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-Dased pdyamire Fedh? (A Cand tHel&i#hg agent include th compound (B) and the alkoxysilane
compom}% 6%) When t%enaque%%soggatin %(%Tgosition H?f the:.L Er.esent invenrign is used as the

two-co ponerT1t agueous cogtﬁ‘ng composition, ary aqﬁgoé)s? éoatllnogncor%%ggifioﬁ%%e entin”

low-te ratur ability b tained be it IS passible elect.a combination of the
aqueorl%:?1 %é)&;iﬁéi{ed&p%oly?r%n} ge%slgrl]g})A%j aﬁﬁ%%é%éﬁbo&r% b(Lléﬁctj%ugch th{';fﬁbot  of them exhibit high
reactiv'@g)&ga%g@@rp&%@%@r@éwmg& aguEQUs ﬁe%sggggxggp lyaming resin (4 and the

compound (B), the aqueous coating composition of the F2P-NPP PCT present'invention may be
treateds; fof examplec by 41y diuting-the-ecompound:(Bl vith-an organic solvenb 2ha amsemyisifier in the
compound (B) or emulsifying or dispersi the compound (B) with a dispersant, an emulsifier, or an
aqueoushkeesiry; afid¢3edispersing theycampounth(B)dn ardispersing-element ofia resin differeat from the
aqueous epoxy-based polyamine resin (A). When such treatment is carried out, the aqueous
epoxy-bagedk pelyanmire resip (Anand thescompourdch (caivise mixed withoubdsiag aspexalmixing
device, to thereby obtain an aqueous coating composition excellent in dispersibility. As a result, the
agueous epexy-basedsolyamine vesire@) andthecdmpodnd (By can readtwitheacrrotherafficiently.
Further, when the treatment (2) of mixing an emulsifier in the compound (3) or emulsifying or
dispersifig the EGrhpoGaHd @) Wbia tispersant arn ehdisifie8F Bn AGUBLGY FeshPiseatfied But, the
compound (3) can be treated as a nonhazardous material. [0011]Examples of the organic solvent to
be usedWhHaH theScdmpolfid {3)is diftted with'thé drgéric 'Sofvent iifthide el ferfegiycot Mo, obutyl
ether angl)diethylene %I}/gol monob%tyl ?h&r}. 100121A. nonionﬁirc emulsifier or.an aniopic %m Isifier, for
examplge, is i5ed ashe eniiSifisFfo Bé used WITeH the emufsifiet ¥s %%&né)é)%lt%]eoc%n%ﬁoun' (B), or the
compound. (B) is emulsified or dispersed witha dispersant, an emulgHfer, 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 sly ciNaf el ERt 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
copolymers Examples ebthesaqueous 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 agliéons TpoxybasEd pelyanireofeSing A ircems of &selibcsment s preferably 5
mass% to 95 mass%, more preferably 10 mass% to 90 mass% with respect to the total solid content
of the agtiBBAS ¢6atHYy cémposition” FOIBITHeConte ALOIXAE TonPBtint (®) iS Préferabli 2 nass% to
30 mass%, mare preferably 5 mass% to 25 mass% with respect to F2P-NPP09201POT the total solid
contentSTtRé AguB8uE (SatiRg Composition [0018TAR EqiiVAIBAL Ftio st amirs Gréupeih the aqueous
epoxy-based polyamine resin (P) and. meth)acryloyi groups in the compaund E@ ((meth)acryloyl
groups/%%elﬁg grggﬁs)gésoeﬁ% .g,qprle%lr%t I)f g.rS %o%?@%%nﬂ%%eerq“ﬁ&algﬁ a i%)SI% fess t%%n 0.7, the
low-te re.c Uity of t q ting position may redyce. (t)&le ivalent ratio
exceeglép 5%%%% alg gg\%%ﬁo%geﬁy% %%i%%%?ﬁg] filrfngt%1 e §§t5in§j{ Cr{nz%/l}llr%du@c{g}.e 0 7%%1%nc:%ontent of
the al koxysilane GomRAUNALG) 15 0:2amassobtod massee, pielprably 0:3 Massisd massde, 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 offorningra coatingdimmwhich exhibits: excellent carrgsiameesistanseult should
be noted that even if the content of the alkoxysilane compound (C) is set to more than 5 mass%, the
adhesivepproperty ss dotfurthenimproved iand He curabityein pasoutar) loihwetemperature 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 b obtaftetf §inéé theStifber 6Fdpplicatiphcan béeretuesd, antccapabiebfforming a
coating film which exhibits sufficient corrosion res t-nce can be obtained. [0019]Specific examples of
the pig&RTHEIHGE EkBRderFighentEsuch 48 préGpitatedBHrim Shftate, LRy YA, Hd Mica; color
pigmen %8u%hoa§ tig;%um 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 valume cengentration,exceeds-50%, the auter appearance of the
coating film maydeteriorate. The pigraent volume concentration can be calculated from the mass of the
pigment blanded.and the-spegific.gravity of each camponent,inthe caatingmateriat (0921 LWater,
asolvent, an additive or the likemaybe blended into the aqueous coating composition of the present
inventiant Specificexamplesqf thesalventdgoglycekbased selvents: d2B,NRROSZO1EGT such as
ethylene glycol, propylene alycol, ethylene glycol monohutyl ether, propyleneol monobubyl ether,
diethylériedglycol3 divbdpylene 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 "CS7129, 27 Alkifiéty RT3 pemarddict tiisdbutyraiesmidutactiied by TSSO
CORPORATION, trade name "CS-16"), diethyl adipate, and diisobutyl adipate. Specific examples of
the additRE IRt dipersaht & viscosity Abjuster; atifihg Cataly/st Ssiifacesstiditoret, a
defoamerla lasticizer, afilmgxgni gﬁgta TV aé)sorbiralggagegt, andfan antioxidant. When the aqueous
coating Composifion of the present invartion is usdd A twé' Componant S{uéous”Coating ™Y
compositign, water, the solvent, and/or the additive_ may be added.to,a bas in liquid for a coating
material of éhcuqr%%>aggean¥llt)%?or3?ni§i%axc% tﬁg%}ol\sfgqr]eeglﬁ Ii((i"jlfjcildéf?(csil(rJ atc%a |h%g Bn%éiteﬁg 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 thaZfid\B6AEEptRfF Faqueous”
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
excellentinavater resistance can bg obtained. i additionin;the casgwheredpe aguegus egoxy-based
polyamine resin (A) is water-dispersible, the resin can be easily mixed with the compound (B). Further,
a rapid seactionpragress of the asueeusepoxy-based palyamine fesimh(Ap apgd thecorapaund (B) can
be inhibited to appropriately adjust the reactivity, thereby obtaining an aqueous coating composition
with a larfg gewvite life. Mpe specifically, inthecasew ere theaoueous epoxy-basedpoiyamineresin (A)
is water-dispersible, inthe agueous 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) .'On3heotier iz, Hiftep apphedtion. a-8F spersivh mediutn [such &S watery Volatilizes
to facilitate the contact between the aqueous F2P-NPP09201PCT epoxy-based polyamine resin (A)
and the d8in S (BYS Fhérefre) tidEuriitfredbsH pFeceeds Greh atddvidémperatfire? td thereby
allow ag? tno film to be formed. [0024]The agueous epoxy-based polyamine resin (A) can obtained
by, for éxample, 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 aguequs-epaxybased pelyamine esin (A) [9025]As the epoxyresin, any, o
appropriate epoxy resin maybe used. The resin is preferably a bisphenol A-type epoxy resin or a
bisphengi £:ype £poxy fesippariculatly preferably.a bisphenalAdype epoxy resinJ90261] he epoxy
equivalent of the epoxy resin may be determined depending on desired coating film physical
propertigs. Iherepey-eguivalentispseieraly 480 t6-3,800,imere preferanly KQMhte: 3.280, padicularly
preferably 700 to 3,200. When the epoxy equivalent of the epoxy resin is in such range, a coating film
excelleat inavaterresistance, cosrosonitesistances; andavaterrasistantadhesive 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 Separatioh swhieh rrakes itigpossiblete donventhecodting compeositich o an
aqueous one and to obtain an aquequs coating composition having sufficient
water-résistantathesfépropetity. 4PslholPitl be AGfedtRat the®BpoXyEuivalent 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 coat.ieg film Vél?ié:h hag not C%Tﬁlet%%fﬁ%rﬁd but is on-sticwl%lis formed. Wher]ﬁtlhe coating

. . . if) rreg em e & INVenci1on agueous coa
film, is poor in initial fain resstance,kfﬁe coating film may break or sivell By exposure {0 rain Before the

applied ing film cur tely. ueo ing c ition able rmi coating
Fim having Tigh INGal ot Fo0Cangs o pa & GHeChuel ueod Tor e outdune objset s be sodted o
may be_exposed to raip before the applied coating, #im gures 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 agueous coating composition capable of forming a coating film excellent in
water-resistant adhesive properiy ditesepaxy equivaert oithesE2P-NRPROG20IPCI epaxyoesin (al) is
more nreferably 600 to 1,400, particularly preferably 800 to 1,300. [0028]In another embodiment, the
epoxy resin ¢scan epexy sesinn@2)i lavirg ancepoxyeqliivalent-ofc2] 000 to 37200 When anragueous
epoxy-based DO yamine resin (A2) obtained by amine-modification of the epoxy resin (a2) is used, it
is possiblelto obtaihEteaquBeRS Coating BEmpasiton sapabid offormintrs eoathwy filardéxeekent
ininitialrainresistance. The epoxy equivalent of the epoxy resin (a2) is more preferably 2,200 to 3,000.
[0029]A% the 'epdX§ résin L fire or Mote Kidd st &poky Fedind Fray 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 bifuncti%nal 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 modificatioh {Retiid @ REIReT 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, ard segondasy hydroxybgioups:ia melecdle .iThe epexnbased pelyaming esin may
be a resin obtained by a reaction of part of the primary amino groups, secondary amino groups, and/or
hydroxyl greupsyindhe epoxy-dhased polyanine resim withaecompeund haviag functienal gredp such as
an epoxy group, an acid anhydr, de group, an acid halogen group, or an isocyanate group. When a
productrelitained byomaking arrepoxyzbdsedipolyamineresin aaueous; the epexy-based poiyamine
resin being obtained_ by a reaction of a compound having such functional group, is incorporated as
part of the agueous 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
polyamirnetfethe epbxyt&siniy Spécifially 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 toform 2 seconda??%ﬁ%eﬁ%%ﬁ?%gbﬁﬁﬁWBPO%FUE' [tRe L5685 polyamine fésin having
the secongﬂ}/daergi.noQ%rough[OOSf}L%)&amples of the gr‘eirgaéy mino. g&oug-contaiggnvg.polyamine include

iethyler%é}rlamlne, dip f)ylenef?%m|ne,sdi%8t(§/>§¥ﬁke3§iamln ,Oaf‘stlr?/oa triet eyler?esié{}aml e:“ilﬁeyﬁ3 rrh%ly be

used alope_or jn, cambination ] had. | [ [ iminated amino .
group-g)%tg?crglﬁlﬁ% gg‘r%%r% %@#ﬁ%%%ﬁrgéin%%@gggf%%%gg ?nget o%t%{g\}i/%ﬁ/i g%ﬁég\:é)inértlhg
ketimingted.amino; graup-coptaiping compand.and the qupéxée%met@ﬂdeégtﬂy'%;@cemeggmd then
hydrolyzing aketiminegrcuptoformaprimaryaminogroup, resulting in producing the epoxy-based
polyaming £esi baving A prinary) amino groxps it sheuld beated thatwheer therketiginatads
amino-group containing compound and the epoxy resin are allowed to react 'lith each other, a
secondaty: amine suetpas diethanelamine; methylethanolamhe iendietiylamine raay eoexist:
[0036]The ketiminated amino group-containing compound can be obtained by reacting a primary
amino grouptcomntanmgocempouad withca ketones Exaraplés ofthecprimary amimetgrogpsdantaining
compound include: primary amino group-containing polyamines such as diethylehetriamine,
dipropytersetriamirie, dibutgleneiapiing cand thethylenetetramine;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 %%ﬁé&&éﬂﬁ%dﬁr%f? Wit 8P amino group, depending on desired coating filmphysical
properti mples of the functional group reactive with an amino group include an epoxy group, a
(meth) i(fyl@l?croup, a%isgc%%géféegpg%p?gﬁg Anacid %Eﬁf/l@ricfeorgn ?J%.lfO]O%’%]The amount of the
amino groups in the epoxy-based polyamine resin maybe any appropriate amount depending on
desired propert%élls 0 %E%ee g&ﬁeocugs%o%tli%g %8%%2&%%100? dggire%ggoa%ﬁs Film %hﬁsr}ga%)np?ége%ties. The
amount gt the anaino groups, is, asah.aming group equivalent, preferably. 109,ta,3,000,more. _
preferably 500 to 2,000, particularly preferably 800 to 2,000. Xs long as the amino group equivalent is
in suchyange - thegpaxy:RasedipelyamineJesiyis agueods Jodherebyr-obtainthe aguequs o
epoxy-based polyamine resin (A). Wnen the aqueous epoxy- asedpolyamine resin (A) is used, a
coatingriimeexcedent i) low-temperatdre, aurability €andie abtainechWhea dhe amino groupequivalent
of the epoxy-based polyamine resin is less than 100, water resistance of a coating film to be obtained
may reduce. Mearwhile,;,when e @hinorgrelpok2RiNRREI201PQINequivalentiexcegds 3,000, the
epoxy-based polyamine resin may not be dispersed in water to cause phase separation, which makes
it impossibleitoconveit e toatingdornpesition o ani agifeousccomposition. oshotdd bé voted that
the expression tamino group equivalent” as used herein is represented by a molecular weight of a.
resin s6lid E6teALPEPHIMERLAMIHPGOHpIR theBasewhsre the ([épox§ 1 Based pERAERTME fesin has

the primary amino groups (including, the case where the epoxy-based polyamine resin has the
primaryaminoyfStipsEhd Seconaan amind grolRs) 65 repreSBES by & mBREGRY Weight'of a resin
solid content per secandary amino group in the case where the epoxy-based polyamine resin has no
primard SO b ARG ST o At o o SH0hy ALa LB AN REshe e
determined f cmtheblendingamounts of raw materials. [0039]For example, the aqueous epoxy-based
polyamine resin (A) may be obtained by converti@ 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
ctate nf the andiieniic ennyv-baced nnlivamine racin (A) (watar-cnliithle to watar-dienarcihle form)



[00421The aqueous coating composition of the present invention preferably includes, as the aqueous
epoxy-based polyamine resins (A) , the aqueous epoxy-based polyamine resin (A%]%ﬁ(\)pbtained by
amine-mo ification of the epoxy resin (al) having an epoxy equivalent of 400R&°TUPAHY tHeTaqueous
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
preferahly 8/2.e 2/8  mose preferably i7/3 10 3IAAS lang: as the ralie is:insuch ange, ifds pggsible to
obtain an agueous coating composition capable of forming a coating film. excellent in initial rain
resistancenanshwater<esistaft ad esivepropertys [0043]fhe properties-ofdhe asueous eeating
composition and coating film physical properties can be controlled by the molecular weight of the
agqueous @poxy-based pdlyamipe ¢esin {A)anchthecamcuakoktthecamina groups ¢hereis {0044 1C.
Compound B) F2P-NPP09201PCT The compound (3) used in the aqueous coating composition
of the pfaseni inviehtion Has enelor ifote (fethyagngoy Yroaps ima ndolecyle 1 [00451F e hclecular
weight of the compound (3) is preferably 150 or more and 2,000 or less, more preferably 200 or more
and 1,7D0%t$6ss, parfiular prefetabyP5RForrmore BAd 11300 671688 1A fonglagdhesive
themolecularweight of the compound (B) is in such range, the agueous epoxy-based polyamine resin
(A) andHERGMpdUNE (3§ czfr‘rbgé%%%ﬁ‘%ﬁixgﬁ\ﬁﬁﬁﬁﬁ uSinG a PR iixing device X0FRerEhy obtain an
aqueouslc}gatin% cgm osition excel e%i%disggrcs}ilbilit%/.th a result, the a ueousﬁ%)ox -based

polyamlaﬁe resin (}3\ And (8"t CrDﬁlﬁloun (3) canreactwi eefalc 0 earcei icien I%%/ to ?é:byyoﬁt%fh an

aqueous coating compaosition excellent in_curability, It should be.nated that the molecular,wejght of the
compougn% (%%Hga%ggé) cgl\étﬁfétgg f?%%itg %ﬁgmvi]éa%/ gms%ﬁ_ ﬁ)%ﬁl%jﬂ?en%l?%ger%?th%(j(?n%?r%a%gloyl
groups ErBQeQ%B%‘H}Qc&% 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-NPRQIZOLPCT 50 mPacs:to-li0d mPaws Asilong asitbe viseosity of theneompaimdi(3)is such
range, the agueous epoxy-based polyamine resin (A) and the compound (3) can be easily mixed
without using afspecidl ynxingodevice do dherely: ebtainarncaduepuscpating compoesitiordexcellent in
dis-e sibility. As a result, the aqueous epoxy-based polyamine resin , and the compound (3) can react
with eaehlotiser efficiently; totheéréby obtainsdn agqueeiscoating conpositiomexealkent in cdrability.
[0048]Examples of the compound (B) include: polymerizable unsaturated monocarboxylic acid ester
compourids oF pelyRGeric alEcHuissteh Bs Tthylee gigcor diacyiate, eiadecglyéol dimetacrylate,
triethylene glycol diacrylate, triethylene glycol dimethacrylate, tetraethylene glycol diacrylate,

tetraethylEneé GiyEoRnTetRZcyRAS SF 3R5UYRAE iy &6 Tideryfate, 23bilyferd'giesl diffettacrylate,
trimethyloipropane triacrylate, trimethylolprooane trimethacrylate, 1,4-bu anediol d'acrylate,
1 Ut O R AL S oo iy SOF A PE OGP oF Bacry e
1,6-hex§Hgdici diac?/late 1,6-hexanediol di@e('ghacr Ia%% entaeré/thtrit%diacg/late, ?entaeéyé ritol

ol fr

dimethacryla%éz,upee% aserf/ﬁwarﬁéﬁﬁag@rpﬁgé pl)er%tagry? rit igfﬁeascrﬁate, p\éﬁ{laelr)(/)tlﬁri ol te “F’aacrylate,

pentaerythyifol teframethactylate, glycerol diacrylate glyceroldimethacrylate, glycerolagroxy  ,

dimethacrylate,1,1,1-trishydroxymethylethanediacrylate,
1,1,1-trishydroxymethylsthanedimethacrylate, dyLd strishydroxymgthylethanetriacrylates i neq
1,1,1-trishydroxymethylethanetrimethacryiate, 1,1,1-trishydroxymethylpropane diacrylate, and
1,1,1-trisaydroxymethylpsopanesdiniethacsylatel agdducts betweenepexy greup-gentaming us
ethylenically unsaturated monomers and carboxyl oroup-containing,ethyle .callyunsaturatedmonomers
such asaseactiongroduct betwieen giyeidy| @crykatel arrglycidybmethingry| ate:andcacrylio acid,
methacrylic acid, crotonic acid, or maleic acid; and polymerizable unsaturated monocarboxylic acid
amide compogndssefpalyaminesisuchaas ethytenediamine diatiytate. 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 inhofidteheous stattSh SLEAATaRGe that thé Fesin AR RBIMPOURE TAR beYedsHy bt tan react
with each other), It js particularly preferred that the compound (2) and the aqueous epoxy-based
polyamtii@ reSitT (A e GSER ﬂﬁ%fﬁer@ﬂt’ph B GO sGET Sttss, FAPIE reactibn Progress of the
agueous epoxy-based polyamine resin (P.;) and the compound can be inhibited to appropriately
adjuRt the reactivity. More specifically, when the gqueous 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)
volatizece 10 malkke it eaacyv t0 hrina the andiieniic ennvyyv-baced nnlhvamine reacin (A) into contact with the



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 beer2hthi€848y Pfof
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 ol .ethowylated metipdoluiapane tactylaieEQ. 20000 alfjowated imathyolprapane
triacrylate(EC, 30 mol) ,ethoxylated pentaerythritol tetraacrylate (EC 35 mol) , ethoxylated glycerin
triacrylate {EQu2Qimal) , and ethoxylated-pisphenalsh dim.t grylate (& 30-mob., 1khey may be used
alone or in combination. It should be noted that, for example, the expression "EC 30 mol" as used
herein meansdhat30 eth@eneroxide lgrodRs are cordained i3 armgotectle ofROS2xamples afhthe
compound (13) that is self-emulsifying or may be converted into a water-dispersible form with a
dispersant inghedes polyethyleaewglycof #400 diacaylate; (€0 9smot 3 | polyethylenel ghycel+#600-diacrylate
(EO 14 mol) , polyethylene glycol #1000 F2P-NPP09201 POT diacrylate (EC 23 mol), ethoxylated
bispheridlA dizepyiated EG 10-mal) cethogylatedd sphursoltA dfacrylate (EQI2JT Atolk ethdxyoated
glycerin triacrylate (EO 9 mol), and polyethylene glycol #1000 dim.ethacrylate(E023mol).

Theymayfe isgdafonedtin Eombiratior 0053 EREniHes 6f tHe' confpotRd(BY thatmayhe émulsified
or dispersed with the aqueous epoxy-based polyamine resin (A) include polyethylene glycol 4200
glycol didcrytafe (£6'4bD), ethoxiFRaBISpIE1oF AT Tate B TThoh | etowylatédbigptenol
Adiacrylate (EO 4 =1), prO00xylated bisphenol. A diacrylate (PO 3 mol), 1,10-decanediol d'acrylate,
oy Clod BB NI, BRIt S o 1% AR I e 6 ol
neopentyl g | diacrylate, 1,6-hexanediol diacryiate, ., 9-nonanediol diacrylate dipropylene glycol
incylats (DT a0 G miens ey s e (P ST Sayoraens discol Ha00 Riacryiate
(PO 7 ol polvropyleng olysdl 470Pliagviate (20 1zmal), ethoxialedtinaindolpananetriacrylate
(EO 3 mol), ethoxylated trimethylolorocane triacrylate (EC 9 =1), trimethylolpropane triacrylate,
oropoxylated trethylolprepanefrigsrylate € 0 3-rlhnentagrythritaltracryle, ethpxyiated: 1
pentaerythritol tetraacrylate (EO 4 mol), ditrimethylolpropane tetraacrylate, propoxylated pe --erythritol
te aacrylatec(RQ 4 unel), prepoxylated:bisplrenet Adiacryipie €& 49mal) « ethylene glyeplound
dimethacrylate (EC 1 mol), diethylene glycol dimethacrylate (EO 2=1), triethylene glycol dimethacrylate
(EO 3=1)R tetraethylenef F2RNPPO20ERE T glycbkdimethacndate (EQL 4 imel) ipolyetlylene glycol
#400 dimethacrylate (EO 9 mol), polyethylene glycol #600 dimethaL.rylate (EO 14 mol), 1,3-butanediol
dimethacryiaitel Us4-bikanediol dimethaceylate, 1¢6haxarsedioldinethaoylate, 1s9-ponaediol
dimethacrylate, ethoxylatedbisphencl Adimothacrylate (EO 2 . 6=1) , ethoxylated bisphenol A
dimethdctylate (FO 2 rhvh2émdxylatet bispherd X dinfethiaésiate {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, EO 6 mol), glycerin

dimethacrylate, tripropylene glycol dinethacrylate (PO 3 mal), polypropylene glycol #400

dimeth corylﬁz (PO 7 m%f)‘?ﬂ%rzgﬁwy% propané {r%gfh%cﬁff&t‘éfgggd %eth Ia\fgg %i%@ﬁ@loﬁ]’%pane
trimethacrylate (EO ol). They may be used alone or in.combination. [0054]The compound (B) may
be used %Iﬁ%or%ﬁgx ur%%g? 'g“vx%o %?%o%gélgiﬁq&sbgf t Ir%aecgr}ﬁ oun s?ﬁ}ﬁ?guéﬁééﬁ%seeg(ﬁ%ﬁg rclgmpounds
having diffeent nigpeies 43 cambination, physiesl,propertiss of 1e Aausaus gaatng composition and
a coating film to be obtaineéd can be controlled. For examplé, 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| the1water-insolpblesompounde(B) cande-easily R2P-NPRAS20 18T kirodueed it a
reaction system by the water-soluble compound (B). Further, the resultant coating material is excellent
in low-temyperatare carabikty. Exaniplesof thei water-insoluble:eemponad (B)énelude aicdirpound
which is not completely soluble in water, such as propoxylated bisphenol A diacrylate (PO 4 mol). A
mixing fationdfthe watet-selublercompound(B) amd theawaterdrsoigble Romippuad By 1 fied
(water-soluble/water-insoluble) is preferably 1/9 to 9/1, more preferably 2/8 to 8/2. [005.5]D.
Alkoxysifarse. ERRpEGRAEYN 2 dTheERadlrDUS codting edmpbiition 6fR prestt WivéinSriciudes the
alkoxysilane compound (C). As long as the aqueous coating composition includes the alkoxysilane
compotifdE)- edating fifneketRantit iHesite Bropérty t6'a SuBstte”c4h e bBtind “Fie 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 f(7)rmed 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 E2°DP_.NDPPNO2N1DCT



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 substanc2iéltd8%2URAgroup, 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, aad Aropexysilane %g%%&@%&%%@&@? %Ikg%@ge%&ow%ﬂ 1C) maybe subjgcted to
hydrolysis and/or hydrolysis dehydration condensation Specific examples thereof include:
y-glycidoxyatkylralkgxysiangs sygh asyrglycidoxyenopyitimetioxysiang,1 yoxypropylene
y-giyoidoxypropyltriethoxysilane,and y-glycidoxypropoxytri.ethoxysilane;

v-aminepropyltral kgxysilanessuchasqraminopropyltriethexysilane @nd yeuwminppropyitripropexysilane;
andN-phenyl-y-aminoalkylt alkoxysilanessuchas N-phenyl-y-aminopropylte.thoxysilane, N-phenyl-y- m
opropy#rethoxysiame JandtN qgheny:yamino propidtripropoxysitase: afthose pprefersed. are a
y-glycidoxyalKyltrialkoxysilanes, y-aminopropyltrialkoxysilanes, and
N-pherfyl-g-afmihcaliddtiaikoxysilanes iore prefertdd areL ylgipeitaxyalkyatte 2bkysaidsand
y-aminopropyltrialko ysilanes, and particularly preferred are y-glycidoxyaflyltrialkoxysilanes. They may
be used aldrerorGEdmisitation SH58 PE Methbdof forhfing coatirgrimed PRPRE hdtied®’ coating
composition of the present invention can be suitably used in an_inner_or outer plate part of a ship and a

submerged SHutturtihSeawater GPreghwatdr*Spadifidally” BRTARS o dUter pfité part 9F aShip such
as deck, hatch coaming, upper struciure parl, ull part engine foam. 1 g guarter or car hold; and a
submerged structure in S6aWater of freshwa er,’such as a pipi material can be Uséd as an o ject to be
coat (s rafe).. ter the substrate r lven, fo a metal material
such aséj gﬁ%r%ﬁﬁ%@%(?d Ez{:ﬁcggzié‘fé%(o (Ir;grf‘E é%ﬁrrsﬁ%lﬁr{n%ggie%%%egr%%&%g]és%{%pe%fgﬁgg gp%gng the
aqueous-Goating,composition:ofthe presgrtinvention, any approprigteapplicationymethod may be
employed. Examples of the application method include airless application, air spray, brush application,
trowel applisation.angd roler applicationOf 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 B0goct] outer appearancescan bedarnreek 6060} 1a applicationsaf the aguenuscpatingl
composition of the present invention, the thickness of the coating film is preferably 50 pm to 250 pm,
more préferalslyBEpmne<Z00-pn it terasrefidried deatigfimd. Whasthe thidkressof the diied
coating film more than 250 pm, a problem such as dripping may occur in formation of the coating film.
[0061]A RfetRGH BPHRife fhevadicttis doatingtonthositor of the presantdtveritiofliiay beany
appropriate drying method. The method is preferably natural drying or heat drying. In the case of
naturaldi§iny’ & 4R/ g titie 7S préteraoly 2455outs GiHofe: fribre preteratly CwaBR bF Afdte.
[0062]%1}9raf0&ng%ti?%%gf thg coating film using the aqueous coating compos tion of the present
invention, a top coa |ngﬁayeersrﬁ§ybe 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 appgarance can he ohtained ,[00631ANY appropr £ £o31ng materal may e adopted;as the
(A) in terms of a solid content is preferably 5 mass$% to 95 massy,
more preferably 10mass% to 90 mass® with respect to the total solid

content of the agqueous coating composition.

[0015] The content of the compound (B) is preferably 2 mass$

to 30 mass%, more preferably 5 mass% to 25 mass$% with respect to



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, andacoatingmaterialcontaffifgNr 2aPBeH miide curing
agent. The top coating material may be solvent-based or agueous. 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, op,the kind.qfthe coating material. and.the purpese, 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
intermediaie €pating materialni the lcaating fitm foraed=asing theragieous:coating eempositon .
When the intermediate coating layer is formed, a coating film having further improved corrosion
resistarngeccan-be sbtaiped. {806 6)AyeappropAateacohtingemateriat yiaybe adopted asitheéhe
intermediate coating material. Examples of the intermediate coating material include an
epoxy/dtifechased (Eoatingvaaterat r F2PyNPPO9RDEPET a Rve-eoRTpohehs ufethahe-cardble coating
material, and a one-compcnenturethane-curabiecoatingmaterial. The intermediate coating material
may beFohieitHas8d oragledus. ThE s rrfedligE doating rhaterial s pret&rably-&gtedus. AWhen the

intermedijate_coating material is aqueous, a |load on the environment can be reduced in formation of

the coalif fiti" 0BT THE tHidknees 6fthe térmbdidte GSRTYSYEP fal5e SETR°any dpBitopriate
thickness depending on the kind.of the coating material and the purpose pf coating. ically, the
thickneSs'is 16 %lrlnctgo'so%ﬁ in gef%ﬁs %?Wigl?r?%%%tof%a fied géacﬁ%gd%lrr? '[&6%?@%%%%%%5%% of the
coating.fi ing t ue in osition, e formed by applying an
undercgagiiz}]?rﬁ% eriajfao% acosu ts%ra e.gvm]p%ﬁ?e %ﬁdﬁ%%ﬁﬁ%%ﬁﬁi%%é%, égcbating 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
inorganigzingrich coatingamatgriak T he undercoating Mmaterial fay, be solvent-hased aragueous. The
undercoating material is preferably aqueous . When the undercoating material is agueous, a load on
the environmenn €aa beoresficed in formationcfdhe coating fitms [00:40]d hetbickness of the s
undercoating layer may be set to any appropriate thickness dependion the ki nd of the coating material
and therpurpdsé of goatirsy: T ypicatly rthedhickness isiz0 pmtte 13000pmdn tcermseaftthicknessof a dried
coating film. [0071]The top coating material, the intermediate coating material, and the undercoating
materia MmeOeEch contain @ pigpnants an additive, Zand Helikea Exampglesofthergigneent amcthe
additive include the pigments and additives described in the above-mentioned section A. The number,
kinds, and@MBERtsEFDIGIHEREVA additives fo'be adled isifhe SEBRCRIRS appropriattedepending
on purposes. [00 2]As an application method and dr in% method for each of the top coating material,
the inte?r’fl‘éﬁﬁajr(?%aﬁﬁaefﬁalt%ﬁaﬁi%ﬂ%%yuﬁ&e?céé’é@ matetral” ﬁﬁ%%ﬁb%ﬁﬁte‘”gﬁ%m%ﬁay be
adopted deg)endin on the kind of the coatjtn,g materialg(;nbe uge?. Examples of the ap Iifca ion method
and dry?r?g method for éach ofthe 10 %8§tiﬁé> matefal’the ntermediate oaat%%ar%éfé iaf, and the
undercoati rial.include the.same methods described above for the application method and
drying r%%%n%g}ﬁtﬁ%%%%eeoﬁ%%%%ﬁ% églrﬁégs%ﬁog %xraerﬁﬁlgg T&S%S]Hereinsggeﬁt ((a% Srgge%?%nvention
is described in.mare ; F2RNPROJ2QLRCT detail by way.of examples. Howeyer, the present jnvention

is not limited to the examples. It should be noted that, unless otherwise specified, "part(s)" and "8" in
the examples.are-gR A MAasshasisshe adhesive property is not further improved,

and the curability (in particular, low-temperature curability) of

the coating film may reduce.

[0018] The aqueous coatingcompositionof thepresent invention

may further include a pigment. When the pigment is incorporated,



[0074](Production ExampleProduction of aqueous epoxy-based polyamine resin (A)l 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 difrfér &R A9D 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-anr epaxy sesinnAfterthals2%5 parts-of a ketimine compopndofsi ty and can
aminoethylethanolamine (73 mass% MISK solution) were added thereto, and the mixture was allowed
to reactat Ad 7€ forlchoun Subseqaently thedmixture wap diluted with, MIBK untilas nonvolatie content
of 75% was achieved, to thereby obtain an epoxy-based polyamine resin having an amino group
equivalentwd 4, E84.0a t 1Acetivagidanas. added therétonso that=gpnédtralizationwatié £heltratization
ratio of the resin based on amino groups) of 35.0% was achieved, and the mixture was diluted with
ion-exchamgeéowatert F2PeNPPO9201PCT Aftavothat, af mixtarelofMIBK: andwater was veradved under
reduced pressure until a solid content of 40 mass% was achieved, to thereby prepare a milky white
aqueoud ffafetitispetsible) &poRy based poljarine Tésin (MY - Cpetifit Hravify @bld énteRd 1.2
g/cm13). 100751 (Production Example 2)Production of aqueous epoxy-based polyamine resin (A)ll

742 partofthe raiv mhaferal fesitT hadingdn EFddrediivalent of 188 glequivalent, 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 mijxture.was allQwed ta.react at 117C in the presence of 1 part.of benzyldimethylamine until
the poxy AL alent 1eSHGELT 070 SIEU At t thitcbh AT n ok fesin Afe At 350
parts of 2 keipipe componnd oLdistivlenetriamine (fmasstMIBKsolu - lor) weeadded thereto,

and the mixture was al lowed to react at 117C for 1 hour . Subsequently, 27 parts of ion-exchange
water apd 188 partsef ghyeidyi pgodecaneate (manufacturedytHexion, spegialty Ghemicals; Inc.,
trade name "Cardura E10-2") were fed thereto, and the mixture was allowed to react at 100C for 2
hours. Afterithat; she prixtuee, was dlilutedswith MIRKourtld ghranyvolatile 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. Afténthat, arraixturecdf-MEBK carcewater wiasrerhoved wnderaedutedipressure
until a solid content of 40 mass% was achieved, to thereby prepare a milky white aqueous
(water-@iSpéeribie) @pokbaser pélyanimelreSiAATT t3pecifie gievidy fsoll® E6rmert) 2 BEEm3).
[0076](Production ExampleProduction of agueous epoxy-based polyamine resin (A)lll 525 parts of
the rawmaterfal fesin fRying &y epoxy edd ﬁ/gfeﬁ%f XS% YregGivatent, whiGTwaS SyntEsZed from
bisphenol A and epichlorohydrin, 205 parts of bisphenol A, and 110 8art of MIBK were fed to a
reactor Equipped With 4’5 'r%lér} AEoBIer Honit6gen infettion®e, dnd a &ﬁ?ﬁolrﬂgt%ﬁpéjrﬁatﬁé%ixture
was allowed.to react at 117C in the presence of 1 part of henzyidimethylamine until the epox
cuivlB (B Ea T et ATen. 5 (erety Shindnancig i, AGr HHeE 350 por ore
cetiming compoynd of diethylenetdaspine (73, mass% MIRK splution) were, added. thereto, and the

mixture was allowed to reactat 1 1 7 C for 1 hour. Subsequently 27 parts of ion-exchange water and

188 parts, of glycidyi neodecaneate imanufactured Ry Eexion,specialty, Chemicals, Ing, fradg name

"Cardura E10-P") were fed thereto, and the mixture was allowed to react at 100C for 2 hours. After
that, the: mixture was-dikited withdViiBKyuatik-a noavelatilescententeofs g% was-aghigvad; fo drereby
F2P-NPP09201PCT obtain an epoxy-based polyamine resin having an amino group equivalent of 810.
Acetic acidwasaddeddhereto sotthata aeutralizatioaratd (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)iP&pécific gralisy-@&olicRcoptertn .2 ¥fcAtB) 1 [0077](ProdiGion Exampled Preadstidn of
aqueous epoxy-based polyamine resin (A)IV 1,940 parts of the raw material resin having an
epoxy equivalértiof 188%edu Fateritl RAicRWaAS Synthesized frohfhiBpTeliol A drt EpiERIBFohydrin,
1,060 parts of bisphenol A, and 550 parts of MIBK were fed to a reactor_equipped with a stirrer, a
cooler, g\%t?&&éﬁh?@ﬁ%ﬂntﬁﬁe,O%atg?he?ﬂ%o‘?ﬁé’t%r,%fﬁ%%ix?&%%&s" fowed t6reastat117C 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 0 ) 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
tharahyv ohtain an enonvv-haced nolvvamine recin havina an aminn Aaroirin eadilivalent of 1 BEND Acatie



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 equiZieNPRE22848GT 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 | hour. After having been allowed to react at 10000 for an additional 2 hours, the

mixture was, diliitedhwith: MIRK untiha nonyolatile content.of 75% was.achieved, it thesehy ghtain an

epoxy-based poly me resin having an amino group equivalent of 1,150. Acetic acid was added
thereto serthat a neuyaljzation rafio(eutralization ratip ottheJsesin hased pnaninogroups),of 40.0%

was achieved, and the mixture was diluted with ion-exchange water. After that, a mixture of MIRK and
water wasgemoyedrumndearreducedipressureruntilla solidreontent ©f 4@ ntass% snasragiieved o
thereby prepare a milky white aqueous (water-dispersible) epoxy-based nolyamine resin (A) VIl speci
fic gra itylsatid lconven)ut y2 gletm3e)r., |llAraldmexdindyonpoad ¢ool,-. dioutyh | #dhearin ci l
OD OD ost't 00Vr motor-diaper | sible rwlTUm A[it11[7-1 Production EXaMple 7 VII - 1
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~trimethyl-1,3-pentanediol
monoliscbutyrate (manufactured by CHISSO CORPORATION, trade name
"Ccs-12"y, 2,2,4-trimethyl-1,3-pentanediol diisobutyrate
(manufactured by CHISSO CORPORATION, trade name "CS-16"), diethyl
adipate, anddiisobutyl adipate. Specificexamples of the additive
include a dispersant, a viscosity adjuster, a curing catalyst, a
surface conditioner, a defoamer, a plasticizer, a film forming aid,
a UV absorbing agent, and an antioxidant. When the agueous coating
composition of the present invention is used as a two-component
agueous 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 or 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 curing
agent water, the solvent, and/or the additive are/is added to may

be determined based on the functions and properties expected of

themn.

11
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[0022] B. Agueous epoxy-based polyamine resin (A)

The aqueous coating composition of the present invention
includes the agqueous epoxy-based polyamine resin (A} having one
or more primary amino groups and/or secondary amino groups 1in a
molecule. It should be noted that the concept of "aqueous" as used

herein comprehends "water-soluble" and "water-dispersible."

[0023] The agueous epoxy-based polyamine resin (A) is
preferably water-dispersible. When a water-dispersible agueous
epoxy-based polyamine resin (A) is used, an aqueous coating
composition capable of forming a coating film excellent in water
resistance can be obtained. In addition, in the case where the
agueous 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 agueous epoxy-based polyamine resin (A)
and the compound (B) can be inhibited to appropriately adjust the
reactivity, thereby obtaining an agqueous coating composition with
alongservicelife. Morespecifically, inthe casewhere the aqueous
epoxy-pasedpolyamine resin (A) iswater-dispersible, inthe agqueous
coatingcompositionbeforeapplication, thereactionhardlyproceeds
even at ordinary temperature, which provides good preservation
stability andapplicationproperty, because the agueous epoxy-based
polyamine resin (A) is hardly brought into contact with the compound
(B). Ontheotherhand, afterapplication, adispersionmedium (such

as water) volatilizes to facilitate the contact between the agueous

12
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epoxy-based polyamine resin (A) and the compound (B). Therefore,
the curing reaction proceeds even at low temperature, to thereby

allow a coating film to be formed.

[0024] The aqueous epoxy-based polyamine resin (A) can be
obtained by, for example, amine-modification of an epoxy resin.
Further, when the epoxy-based polyamine resin obtained by
amine-modificationof theepoxyresinisnot agueous, 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 aqgueous epoxy-based polyamine resin (A).

[0025] As the epoxy resin, any appropriate epoxy resin may be
used. The resin is preferably a bisphenol A-type epoxy resin or
a bisphenol F~type epoxy resin, particularly preferably a bisphenol

A-type epoxy resin.

[0026] The epoxyequivalent of the epoxy resinmaybe determined
depending on desired coating film physical properties. The epoxy
equivalent is preferably 180 to 3,800, more preferably 400 to 3,200,
particularly preferably 700 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 of a coating

13
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film to be obtained may reduce. Meanwhile, when the resin has an
epoxy equivalent of more than 3,800, the epoxy-based polyamine resin
may not be dispersed in water to cause phase separation, which makes
it impossible to convert the coating composition into an agueous
one and to obtain an aqueous coating composition having sufficient
water-resistant adhesiveproperty. Itshouldbenotedthat theepoxy
equivalent of the epoxy resin can be determined in accordance with
JIS K 7236. Inaddition, the term "initial rain resistance"” as used
herein refers to water resistance in an initial stage of the curing
of a coating film, specifically, in a stage in which a coating film
which has not completely cured but is non-sticky is formed. When
the coating film is poor in initial rain resistance, the coating
filmmay break or swell by exposure to rainbefore the appliedcoating
film cures completely. The agueous coating composition capable of
forming a coating film having high initial rain resistance 1is
particularly effectively used for an outdoor object to be coated
which 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 agueous
epoxy-based polyamine resin (Al) obtained by amine-modification
of the epoxy resin (al) is used, it is possible to obtain an agueous
coating composition capable of forming a coating film excellent

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

14



.- 1-1 OD oz OIN DEL Water-di.sper : sible 7 aldwexA no[4onpOxa 'HI : '"1::,- OD CS 1,079

1,093 Water-diaper sible Milky white 1 u(711.,Z:st
FZ2P-NPPOS201PCT

epoxy resin (al) i1s more preferably 600 to 1,400, particularly

preferably 800 to 1,300.

[10028] In another embodiment, the epoxy resin is an epoxy resin
(a2) having an epoxy equivalent of 2,000 to 3,200. When an agueous
epoxy-based polyamine resin (AZ) obtained by amine-modification
of the epoxy resin (a2) is used, it is possible to obtain an agueous
coating composition capable of forming a coating film excellent
in initial rain resistance. The epoxy equivalent of the epoxy resin

{a2) 1s 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 of reactingwith an epoxy group
with an epoxy group to increase the molecular weight of the resin
or tomodify the resin. Examples of the active hydrogen-containing
compound include abifunctional compound suchasadimeracid, 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

15



1il1 Water-disper sthie ding amount (part(s)) Amount of raw material resin Bisphenol A Ulmer
acid MIRK Benzyldimethylamine . Ketimime compound of aminoethyl,el.hanolamine Cel[imine
compound of dieLhylenetriamine ion-exchange water Glyeidyl nuodecanoate2@mB809atibtrGatio (1)
ment (mass%) , Epoxy equivalent of epoxy resin [ Amino group equivalent of aqueous ecoxv-based
colvamiue resin State

of 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 appropriate modification
method. Examples of the modification method include: a method
involving adding a primary amino group-containing polyamine to an
epoxy resin; and a method involving adding a ketiminated amino
group-containing compound to an epoxy resin. The epoxy-based
polyamine resin obtained as described above has one or more primary
amino groups and/or secondary amino groups, and secondary hydroxyl
groups inamolecule. The epoxy~basedpolyamine resinmaybe 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 a functional group such as an epoxy
group, anacidanhydridegroup, anacidhalogengroup, oranisocyanate
group. When a product obtained by making an epoxy-based polyamine
resin agueous, the epoxy-based polyamine resin being obtained by
areactionof acompoundhaving such functional group, is incorporated
as part of the agqueous epoxy-based polyamine 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 a

method involving reacting a primary amino group in the primary amino
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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 resimpRNRROORYEPET into an
aqueous resin and caused phase separation in water. [0082](Production Example) Production of
epoxy-based polyamine resin 2,560partsoftherawmaterialresinhavinganepoxyequivalent of 188
g/equivalent, which was synthesized from bisphenol A and epichlorohydrin, 1,439 parts of Pisphenol
A, and 70(:)3 qar;[% ((D)If1 MAB&V}{ere fgfl tg a g}eeactort q%igped with a stirrer, a ct%)leré a nitrogen inrlection
tube, and a thermome er, and five mixture was allowed to react at 127¢ in the p S8Mce of 5 parts of
benzyldimethylamine ugglctggaefpgy %(%g!xglegtgggghedr%gg 92% 'V%e”r%_}%%‘u%?%‘)bé%@ an
epoxy resin. After that, 350 parts of a ketimine"’compound of diethylenetriamine (73 mass% MIBK
solutiory were added thereto,.and.the mixturewas allowed ta.react at 117C for, 1 hou, 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-NPROROLPCT (newtralization ratio of the resin based oamamino graups) of 40109 wasqachieved,
andt ne mixture was diluted with ion-exchange water. After that, a mixture of MILK and water was
removedaindenreduced prelssdee untifia sbiid eontent efnd@ massi weaachieved, 1o dlereby prepare
an epoxy-based polyamine resin. The epoxy-based polyamine resin was not converted into an
aqueousresinvarnciused phsse steparatiorsinwateng0e83jiméiaraple I @rodactidncof base resiquid
for coating material) 89.5 parts of talc (manufactured by FUJI TALC INDUSTRIAL CO., LTD.,
trade name™TARE SP £0MEpddfic-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/lcm3) , 172 parts of titanium oxide (manufactured by Cu Pont, trade name
"Ti-FU " specific_gravity: 4.3g/ rr;(%,EVZ arts of a ti-rust pigment (manufactured by Toho
Ganryo KUGE.Co., Lt Hade TR ExBERT PSSt SHEbINE oradly 2 S0 ef. 4 Gaot
defoar nuf red.hy SAN P LIMIT I me "SN Defoam 4," specific gravity:
O AR e 2 D o8 e ot A ek i By EVE. hade o EEeg
spec'f'cigmﬁwi%%%@m)Jw%ecﬁ@dﬁge%é@aq%ﬁ%meg thednixture was stirsd witha disper

for 30 minutes, to thereby produce a pigment-dispersed paste. 400 parts of the agueous epoxy-based
poJyaming resia (Apbehtained:in Rroduction Example-L 24 pads of RPnB.and Fpastiofz i ng
a ketimine group to formaprimary amino group, resulting inproducing
the epoxy-based polyamine resin having a primary amino group. It
should be noted that when the ketiminated amino-group containing
compound and the epoxy resin are allowed to react with each other,

a secondary amine such as diethanolamine, methylethanolamine, 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

diethylenetriamine, dipropylenetriamine, dibutylenetriamine, and

17



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 cﬁﬁﬁ@%@&%mpoﬁo 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 rtotberebyrehtainaeurirg agent I. It should be notedsthat thersaecfiergravity=efthe solid
content in the curing agent | was found to be 1.2 g/cm3. (Production of aqueous coating composition)
4 8partsefanepaxysiapecquplingagent a(3<ghydidoxypropyitrimyethoxysilanel manufacturedsieyl Shin-Etsu
Chemical Co., Ltd., trade name "KBM-403") used as the alk.oxysi_lare compound (C) were added to
40 partslofitkeceuring agentia ahdthe cuxiagagentolas theérs honmdendoushmixed With 1500 parts of
the base resin liquid for a coating material |, to thereby obtain an agqueous coating composition i.
[0084](Exafiftes 236 22} Aquebs E6ating compbsitiths hrreodtained 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 Tabl qr 'Lable 3. Th It should be no(tjed ttﬂat base resin liquid f0£ a C atin%mateéialfs,ll g) VIII were
obtained In’the same manné&ras's )%asnemlg 1 é’xacné]p?ﬁ'ugfg gﬁﬂle%ﬁg ebléfxy-t?éfsea f)n&yalmilnee resins (A)
showngn Table 4 were used instea(% of the agueous eé)%xg/ -base% p}géxfairplinearets&% g:At):IL.onat lCuring

-t ) . )
agents ifto (?ovﬁféllﬁlngc%rﬁsgdﬁlds ?ij\?v%cr:e obtaine acé“g?&.%a to the cu?lng agent production

method, of Example L. 5ing e Companads, (B). shown in. TaRle.5,gt blendingy aligs shounig Table
by mixing methods shown in Table 5. It should be noted that a nonionic emulsifier (manufactured by
NipponeNywkazakCos Lid-Jrade-name "Newerl 11409 waslised asamemulsiier ineach of the curing
agents Il, 1V, V, VIII, and IX. Table 5 shows the viscosity at 25C, molecular weight, number of
functionakgroupsiaciylayl graip eeuivatentnandproperties(self-enuwsifyag, water-inseluble, or
water-soluble) of the compound (B) used in each of Examples. The properties of the compound (B)
were exaluated-as faollowsg Ab vgomdemperatare; & g ohtherdampaourdi(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
evaluatéd’tobe "waterSofubferoand if e mikturé EoRaINELHE Pretipitatecantiwdsy ~taJig the
compound was evaluated to be "self-emulsifying." It should be noted that the specific gravity of the

solid cBRtERET-E4CH BF the Baring agehtsaPlor PR WS ot iobe 45P§tBY °° A8 3A Hifinosilane
coupling agent used as_the alkoxysilane compound (C) N-amin,oethylg/-%min-pr%pyltr lethoxysilane
3

(manufattited by Shif sl CREMEAT Eo™C 1 1d" fradd Wata "KBM-803% s G8ed o2 =17

[OOSSl%(%g@p@gatisv]g Ig amglcgesel to, 3 3 ﬁ}qgjegnl{g cogtigg c,ghmepositil%ns w%euogtaiinsed iQ Sthe same
manner as in x%\mpcfe e?(cef))t that t e curing agentuﬁlwas used mabr?enc(ﬁna amounts Shown in Table

3 instead of 40 partsof thepiring agent | agddye blending amouni of the epoxy.sllape coupling agent
(4.8 parts) was changed as shown in Table 3. Example Example’i 11 12 LOSE' OST
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
resinis aqueous, totherebyobtainthe aqueous epoxy-basedpolyamine
resin (A). When the agqueous epoxy-basedpolyamine 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 the amino group
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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 agueous
composition. It should be noted that the expression "amino group
equivalent" as used herein i1s 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
primary amino groups 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-basedpolyamine resinhasnoprimary
aminogroup. Theaminogroupeguivalent of theepoxy-basedpolyamine

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

[0039] For example, the agueous epoxy-based polyamine resin
(A) may be obtained by converting the epoxy-based polyamine resin
(i.e., anepoxyresinobtainedbyamine-modification) intoan agqueous
resin by neutralization of the amino groups 1in the epoxy-based
polyamine resin with an acid. The kind of the acid and a
neutralizationratio (neutralizationratiowith respect tothe 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 agueous
epoxy-basedpolyamine resin (A) (water-solubletowater-dispersible

form). Examplesof theacidincludeaceticacid, formicacid, lactic
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acid, and  phosphoric acid. The neutralization ratio
(neutralization ratio with respect to the amino groups in the
epoxy-basedpolyamine resinbefore conversion into an agueous resin)
is preferably 10% to 100%, more preferably 10% to 70%, particularly
preferably 15% to 50%. When the neutralization ratio is less than
10%, theresinmaynot bedispersedinwater tocause phase separation,
which makes it impossible to convert the coating composition into
anagueousone. Meanwhile, whentheneutralizationraticisadjusted
to 70% or less, a water-dispersible aqueous epoxy-based polyamine

resin (A) can be obtained.

[0040] The molecular weight (number average) of the agueous
epoxy-based polyamine resin (A) may be any appropriate molecular
welght depending on desired properties of the agueous 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 terms of standardpolystyrene measured by gel permeation
chromatography (GPC). As longasthemolecularweight of the aqueous
epoxy-based polyamine resin (A) 1is in such range, the aqueous
epoxy~based polyamine resin (A) can react efficiently with the
compound (B) because the resin can bemixedeasilywith the compound.
Inaddition, aslongasthemolecularweight of the agqueousepoxy-based
polyamine resin (A) is in such range, a coating film excellent in
corrosiocon resistance, water resistance, and adhesive property can

be obtained.
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[0041] The aqueous coating compositionof thepresent invention
may include two or more kinds of the aqueous epoxy-based polyamine

resins (A).

[0042] The aqueous coating compositionof the present invention
preferably includes, as the aqueous epoxy-based polyamine resins
(A}, the aqgueous epoxy-based polyamine resin (Al) obtained by
amine-modificationof theepoxyresin (al) havinganepoxyequivalent
of 400 to 1,500 and the agueous 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) havinganepoxyeguivalentof2,000t03,200 (al/a2) ispreferably
8/2 to 2/8, more preferably 7/3 to 3/7. As long as the ratio is
in such range, it ispossible toobtain an aqueous coating composition
capableof formingacoatingfilmexcellentininitialrainresistance

and water-resistant adhesive property.

[0043] The properties of the agueous coating composition and
cocating film physical properties can be controlled by the molecular
welight of the aqueous epoxy-based polyamine resin (A) and the amount

of the amino groups therein.

[0044] C. Compound (B)
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The compound (B) used in the aqueocus coating composition of
the present invention has one or more (meth)acryloeoyl groups in a

molecule.

[0045] The molecular weight of the compound (B) 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 long as themolecular weight of the compound (B) is in such range,
the aqueous epoxy-based polyamine resin (A) and the compound (B)
can be easilymixedwithout 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 (B) can react witheachotherefficiently, to thereby obtain
an agueous 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] The number of the (meth)acryloyl groups in the compound
(B) is 1 ormore, preferably 2 to 4. The number of the (meth)acryloyl
groups in the compound (B) may be determined depending on desired

coating film physical properties.

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

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

excellent in curability.

[0048] Examples of the compound (B) include: polymerizable
unsaturated monocarboxylic acid ester compounds of polyhydric
alcohols such as ethylene glyccl 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, trimethylolpropane
triacrylate, trimethylolpropane trimethacrylate, 1,4-butanediol
diacrylate, 1,4-butanediol dimethacrylate, neopentyl glycol
diacrylate, neopentyl glycol dimethacrylate, 1,6-hexanediol
diacrylate, 1, 6-hexanediol dimethacrylate, pentaerythritol
diacrylate, pentaerythritol dimethacrylate, pentaerythritol
triacrylate, pentaerythritol trimethacrylate, pentaerythritol
tetraacrylate, pentaerythritol tetramethacrylate, glycerol
diacrylate, glycerol dimethacrylate, glycerol acroxy

dimethacrylate, 1,1,1-trishydroxymethylethane diacrylate,
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1,1,1-trishydroxymethylethane dimethacrylate,
1,1,1-trishydroxymethylethane triacrylate,
1,1,1-trishydroxymethylethane trimethacrylate,
1,1,1-trishydroxymethylpropane diacrylate, and

1,1,1-trishydroxymethylpropane dimethacrylate; adducts between
epoxy group-ccntaining, ethylenically unsaturated monomers and
carboxyl group-containing, ethylenically unsaturated monomers such
as a reaction product between glycidyl acrylate or glycidyl
methacrylate and acrylic acid, methacrylic acid, crotonic acid,
or maleic acid; and poclymerizable 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 (B) is preferably
capable of being easily mixed with (capable of reacting with) the
agueous 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 (B) and the agueous
epoxy—-based polyamine resin (A) be used in different phase states.
In such states, a rapid reaction progress of the agueous epoxy-based
polyamine resin (A) and the compound (B) can be inhibited to
appropriately adjust the reactivity. More specifically, when the

agueous epoxy-based polyamine resin (A) and the compound (B) are
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in an inhomogeneous state, the aqueous coating composition before
applicationhasgoodpreservationstabilityandapplicationproperty
because both the components are hardly brought into contact with
each other, resulting in 1inhibiting the reaction at ordinary
temperature. On the other hand, after application, a dispersion
medium (such as water) volatizes tomake it easy to bring the agueous
epoxy-based polyamine resin (A) into contact with the compound (B),
and the curing reaction proceeds even at low temperature, to thereby
form a coating film. Examples thereof include: a case where the
compound (B) 1s awater-soluble compound and the aqueous epoxy~based
polyamine resin (A) is a water-dispersible resin; a case where the
compound (B) is self-emulsifying or 1is converted i1into a
water-dispersible form with a dispersant; and a case where the
compound (B) is emulsified or dispersedwith the agueous epoxy-based
polyamine resin (A). It should be noted that a determination of
whether the compound (B) i1s "water-insocluble," "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.qg.,
forbminutes); andthenobservingitsstatevisually. Afterallowing
the mixture to stand still, if the mixture contains a precipitate,
the compound 1s judged to be "water-insoluble," if the mixture
contains no precipitate and is clear, the compound is judged to be
"water-soluble," and 1f the mixture contains no precipitate and

is turbid, the compound is judged to be "self-emulsifying.” 1In
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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 to enhance its

hydrophilicity.

[0051] Examples of the compound (B) that is water-soluble
include ethoxylated bisphenol A diacrylate (EO 30mol), ethoxylated
trimethylolpropane triacrylate (EO 20 mol), ethoxylated
trimethylolpropane triacrylate (EO 30 mol), ethoxylated
pentaerythritol tetraacrylate (EO 35 mol), ethoxylated glycerin
triacrylate (EO 20 mol), and ethoxylated bisphenol A dimethacrylate
(EO 30 mol). They may be used alone or in combination. It should
be noted that, for example, the expression "EO 30 mol" as used herein

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

[0052] Examples of the compound (B) that is self-emulsifying
or may be converted into a water-dispersible formwith a dispersant
includepolyethylene glycol #400diacrylate (EO9mol), polyethylene

glycol #600 diacrylate (EO 14 mol), polyethylene glycol #1000
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diacrylate (EO 23 mol), ethoxylated bisphencol A diacrylate (EO 10
mol), ethoxylated bisphenol A diacrylate (EO 20 mol), ethoxylated
glycerin triacrylate (EO 9 mol), and polyethylene glycol #1000

dimethacrylate (EO23mol). Theymaybeusedaloneor incombination.

[0053] Examples of the compound (B) that may be emulsified or
dispersed with the agqueous epoxy-based polyamine resin (A) include
polyethylene glycol #200 glycol diacrylate (EO 4 mol), ethoxylated
bisphenol Adiacrylate (EC3mol), ethoxylatedbisphenol Adiacrylate
(EO 4 mol), propoxylated bisphencl A diacrylate (PO 3 mol),
1,10-decanediol diacrylate, tricyclodecanedimethanol diacrylate,
ethoxylated 2-methyl-1,3-propanediol diacrylate (EOC 2 mol),
neopentyl glycol diacrylate, 1, 6-hexanediol diacrylate,
1,9-nonanedioldiacrylate, dipropyleneglycoldiacrylate (PO2mol},
tripropylene glycol diacrylate (PO 3 mol), polypropylene glycol
#400 diacrylate (PO 7 mol), polypropylene glycol #700 diacrylate
(PO 12 mol), ethoxylated trimethylolpropane triacrylate (EO 3 mol),
ethoxylated trimethylolpropane triacrylate (EC 9 mol),
trimethylolpropane triacrylate, propoxylated trimethylolpropane
triacrylate (PO 3 mol), pentaerythritol triacrylate, ethoxylated
pentaerythritol tetraacrylate (EO 4 mol), ditrimethylolpropane
tetraacrylate, propoxylated pentaerythritol tetraacrylate (PO 4
mol), propoxylatedbisphenol Adiacrylate (PO4mol), ethyleneglycol
dimethacrylate (EO 1 mol), diethylene glycol dimethacrylate (EO

2mol), triethylene glycol dimethacrylate (EO 3 mol), tetraethylene
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glycol dimethacrylate (EO 4 mol), polyethylene glycol #400
dimethacrylate (EC 9 mol), polyethylene glycol #600 dimethacrylate
(EO 14 mwol), 1,3-butanediol dimethacrylate, 1,4-butanediol
dimethacrylate, 1,6-hexanediol dimethacrylate, 1,9-nonanediol
dimethacrylate, ethoxylatedbisphenol Adimethacrylate (EO2.6mol),
ethoxylated bisphenol A dimethacrylate (EO 4 mol), ethoxylated
bisphenol A dimethacrylate (EO 6 mol), ethoxylated bisphenocl A
dimethacrylate (EO 10 mol), ethoxylated bisphenol A dimethacrylate
(EO 17 mol), neopentyl glycol dimethacrylate, ethoxylated
polypropylene glycol #700 dimethacrylate (PO 12 mol, EO 6 mol),
glycerin dimethacrylate, tripropylene glycol dimethacrylate (PO
3 mol), polypropylene glycol #400 dimethacrylate (PO 7 mol),
trimethylolpropane trimethacrylate, and ethoxylated
trimethylolpropane trimethacrylate (EOQO 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 (B)
having different properties in combination, physical properties
of the agueous 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 (meth)acryloyl groups. Further, when a
mixture of a water-soluble compound (B) and a water-insocluble

compound (B) i1s used, the water-insoluble compound (B) can be easily
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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 (PO 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.

[0055] D. Alkoxysilane compound (C)

The aqgueous coating composition of the present invention
includes the alkoxysilane compound (C). As long as the agueous
coating composition includes the alkoxysilane compound (C), a
coating film excellent in adhesive property to a substrate can be
obtained. The coating film formed using the aqueocus coating
composition of the present invention 1is 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 agquecus
coating composition of the present invention excellent in adhesive

property to a substrate exhibits excellent corrosion resistance.

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

substance. Therefore, as the agueous coating composition of the
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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 methacryl group, an amino group, and a mercapto group. On the
other hand, 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) may be subjected
tohydrolysisand/orhydrolysisdehydrationcondensation. Specific
examples thereof include: vy-glycidoxyalkyltrialkoxysilanes such
as v-glycidoxypropyltrimethoxysilane,
v-glycidoxypropyltriethoxysilane, and
v-glycidoxypropoxytrimethoxysilane;
v-—aminopropyltrialkoxysilanes such as
y-aminopropyltriethoxysilane and y-aminopropyltripropoxysilane;
and N-phenyl-y-aminocalkyltrialkoxysilanes such as
N~phenyl-y~aminopropyltrimethoxysilane,
N-phenyl-y-aminopropyltriethoxysilane, and
N-phenyl-y-aminopropyltripropoxysilane. Of those, preferred are
v-glycidoxyalkyltrialkoxysilanes, y-aminopropyltrialkoxysilanes,

and N-phenyl-y-aminoalkyltrialkoxysilanes, more preferred are
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v—glycidoxyalkyltrialkoxysilanes and
y-aminopropyltrialkoxysilanes, and particularly preferred are
v-glycidoxyalkyltrialkoxysilanes. They may be used alone or in

combination.

[0058] E. Method of forming coating film

The aqueocus 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 cocaming,
upper structure part, hull part, engine room, living quarter, or
car hold; and a submerged structure in seawater or freshwater, such
asapipingmaterial canbeusedas anobject tobe coated (substrate).
As a material for the substrate, there may be given, for example,
ametalmaterial suchasaniron~-based, zinc-based, or aluminum-based

material.

[0059] As amethod 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
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three times). Whenthe compositionisappliedseveral times, a thick

coating film having a good outer appearance can be formed.

[0060] In application of the agqueous coating composition of
thepresent invention, thethicknessof thecoatingfilmispreferably
50 um to 250 pum, more preferably 50 um to 200 um, in terms of dried
coating film. When the thickness of the dried coating film is more
than 250 um, a problem such as dripping may occur in formation of

the coating film.

[0061] A method of drying the agueous coating composition of
the present invention may be any appropriate drying method. The
method 1s 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 agqueous
coating composition of the present invention, a top coating layer
may be formed on the coating film by further applying a top coating
material. According to the present invention, it is possible to
provide such method of forming amultilayer coating film. When the
top coating layer is formed, acoating filmhaving improved corrosion

resistance and outer appearance can be obtained.

[0063] Any approprilate coating material may be adopted as the
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top coating material. Examples of the top coatingmaterial include
an epoxy/amine-based coating material, a two-component
urethane-~curable coating material, a one-component
urethane-curablecoatingmaterial, andacoatingmaterial containing
a carbodiimide curing agent. The top coating material may be
solvent-based or agqueous. The top coating material is preferably
aqueous. When the top coating material i1s 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 pym to 300 um 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
formedusing the agueous coating composition. Whenthe intermediate
coating layer is formed, & coating film having further improved

corrosion resistance can be obtained.

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

coating material include an epoxy/amine-based coating material,
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a two-component urethane-curable coating material, and a
one-component urethane-curable coatingmaterial. The intermediate
coatingmaterial may be solvent-based or agueous. The intermediate
coating material 1is preferably aguecus. When the intermediate
coatingmaterial is agqueous, 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 uym to 50 um in terms of thickness of a dried coating film.

[0068] Before formation of the coating film using the agqueous
coating composition, an undercoat layer may be formed by applying
an underccating 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 agueous. The
undercoatingmaterial ispreferably aqueous. When theundercoating
material 1s agqueous, a load on the environment can be reduced in

formation of the coating film.
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[0070] The thickness of the undercoating layer may be set to
any appropriate thickness depending on the kind of the coating
material and the purpose of coating. Typically, the thickness is

20 um to 300 um 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.

[0072] 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 agueous coating

composition.

Examples

[0073] Hereinafter, the present invention is described inmore
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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.

[0074] (Production Example 1) Production of aqgqueous
epoxy-based polyamine resin (A)I

702 parts of a raw material resin having an epoxy eguivalent
of 188 g/equivalent, which was synthesized from bisphenol A and
epichlorohydrin, 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 equippedwith a stirrer, a cooler,
a nitrogen injection tube, and a thermometer, and the mixture was
allowed to react at 117°C in the presence of 1 part of
benzyldimethylamine until the epoxy equivalent reached 1,079
g/equivalent, to thereby obtain an epoxy resin. After that, 255
parts of a ketimine compound of amincethylethanolamine (73 mass%
MIBK solution) were added thereto, and the mixture was allowed to
react at 117°C for 1 hour. Subseqguently, the mixture was diluted
with MIBKuntil a nonvolatile content of 75% was achieved, to thereby
obtain an epoxy-based polyamine resin having an amino group

equivalent of 1,184.

Bcetic 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.
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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/cmB).

[0075] (Production Example 2) Production of aqueous
epoxy-based polyamine resin (A)II

742 parts of the rawmaterial resin having an epoxy equivalent
of 188 g/equivalent, which was synthesized from bisphenol A and
epichlorohydrin, 336 parts of bisphenol A, and 190 parts of MIBK
were fed to a reactor equipped with a stirrer, a cooler, a nitrogen
injection tube, and a thermometer, and the mixture was allowed to
react at 117°C in the presence of 1 part of benzyldimethylamine
until the epoxy equivalent reached 1,079 g/equivalent, to thereby
obtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK solution) were added thereto,
andthemixturewasallowedtoreactat117°C for1hour. Subsequently,
27 parts of ion-exchange water and 188 parts of glycidyl neodecanoate
(manufactured by Hexion Specialty Chemicals, Inc., trade name
"Cardura E10-P") were fed thereto, and the mixture was allowed to
react at 100°C for 2 hours. After that, the mixture was diluted
with MIBKuntil anonvolatile content of 75% was achieved, to thereby
obtain an epoxy-based polyamine resin having an amino group

equivalent of 1,0093.
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Acetic acid was added thereto so that a neutralization ratio
(neutralization ratioc 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 aquecus (water-dispersible) epoxy-based

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

[0076] {Production Example 3) Production of agueous
epoxy-based polyamine resin (A)III

525 parts of the rawmaterial resin having 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 tube, and a thermometer, and the mixture was allowed to
react at 117°C in the presence of 1 part of benzyldimethylamine
until the epoxy equivalent reached 730 g/equivalent, to thereby
obtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK solution) were added thereto,
andthemixturewasallowedtoreactat117°C for1lhour. Subsequently,
27 parts of ion-exchange water and 188 parts of glycidyl neodecanocate
(manufactured by Hexion Specialty Chemicals, Inc., trade name
"Cardura E10-P") were fed thereto, and the mixture was allowed to
react at 100°C for 2 hours. After that, the mixture was diluted

with MIBK until a nonvolatile content of 75% was achieved, to thereby
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obtain an epoxy-based polyamine resin having an amino group

equivalent of 810.

BRcetic 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 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 agqueous (water-dispersible) epoxy-based

polyamine resin (A)III (specific gravity (solidcontent) 1.2 g/cm’).

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

1,9%940partsoftherawmaterial resinhavinganepoxyequivalent
of 188 g/equivalent, which was synthesized from bisphenol 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 117°C 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 diethylenetriamine (73 mass% MIBK solution) were added thereto,
andthemixturewasallowedtoreactat117°Cfor1hour. Subsequently,
1,060 parts of dipropylene glycol monobutyl ether (hereinafter,

referred to as "DPnB") were fed thereto, and the mixture was allowed
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to react at 100°C for 2 hours. After that, the mixture was diluted
with MIBK until a 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 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)IV (specific gravity (solid content) 1.2 g/cm’).

[0078] (Production Examples 5 to 7) Production of aqueous
epoxy-based polyamine resins (A)V to VII

Aqueous epoxy-basedpolyamine resins (A)VtoVII wereprepared
in the same manner as in Production Example 2 except that the
neutralization ratio was changed as shown in Table 1 below. The
agueous epoxy-based polyamine resins (A)V to VII were each found

to have a specific gravity (solid content) of 1.2 g/cm3.

[0079] (Production Example 8) Production of agueous
epoxy-based polyamine resin (A)VIII
1,440partsof therawmaterial resinhavinganepoxyequivalent

of 188 g/equivalent, which was synthesized from bisphenol A and
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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 tube, and a thermometer, and the mixture was allowed to
react at 117°C in the presence of 3 parts of benzyldimethylamine
until the epoxy equivalent reached 2,200 g/eguivalent, to thereby
obtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK solution) were added thereto,
and the mixture was allowed to react at 117°C for 1 hour. After
having been allowed to react at 100°C for an additional 2 hours,
the mixture was diluted with MIBK until a nonvolatile content of
75% was achieved, to thereby obtain an epoxy-based polyamine resin

having an amino group 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 MIBK and water was removed under reduced
pressure until a solid content of 40 mass% was achieved, to thereby
prepare a milky white aqgueocus (water-dispersible) epoxy-based

polyamine resin (A)VIII (specificgravity (solidcontent) 1.2g/cm’).
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[0081] (Production Example 9) Production of epoxy-based
polyamine resin

An epoxy-based polyamine resin was prepared in the same manner
as in Production Example 2 except that the neutralization ratio
was changedto 5%. The epoxy-basedpolyamine resinwas not converted

intoc an aquecus resin and caused phase separation in water.

[0082] (Production Example 10) Production of epoxy-based
polyamine resin

2,560partsof therawmaterial resinhavinganepoxyequivalent
of 188 g/equivalent, which was synthesized from bisphenol A and
epichlorohydrin, 1,439 parts of bisphencl 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 117°C in the presence of 5 parts of benzyldimethylamine
until the epoxy equivalent reached 4,000 g/equivalent, to thereby
obtain an epoxy resin. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 mass% MIBK solution) were added thereto,
and the mixture was allowed to react at 117°C for 1 hour. After
having been allowed to react at 100°C for an additional 2 hours,
the mixture was diluted with MIBK until a nonvolatile content of
75% was achieved, to thereby obtain an epoxy-based polyamine resin

having an amino group eqgquivalent of 2,050.

Acetic acid was added thereto so that a neutralization ratio

43



747151!GE 00 05 10c7.11 |

F2P-NPP0O9201PCT

(neutralization ratio of the resin based on amino groups) of 40.0%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBK and water was removed under reduced
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 agueous resin and caused phase

separation in water.

[0083] (Example 1)
(Production of base resin liquid 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/cm®), 89.5
parts of calcium carbonate (manufactured by MARUO CALCIUM CO., LTD,
tradename"NGroundCalciumCarbonate,"specificgravity:2.7g/cm%,
172 parts of titanium oxide (manufactured by Du Pont, trade name
"TI—PURR706,"specificgravity:4.3g/cm%, 2bpartsof ananti-rust
pigment (manufactured by Toho Ganryo Kogyo Co., Ltd., trade name
"EXPERTNPlOSSC,”specificgravity:2.3g/cm%, 4 parts of a defoamer
(manufactured by SAN NOPCO LIMITED, trade name "SN Defoamer 154,"
specific gravity: 1.0 g/cm’®), and 32 parts of a pigment dispersant
(manufactured by BYK, trade name "BYK-190," specific gravity: 1.0
g/cnﬁ) were added to 110 parts of water, and the mixture was stirred
with a disper for 30 minutes, to thereby produce a pigment-dispersed
paste. 400 parts of the aqueous epoxy-based polyamine resin (A)I

obtained in Production Example 1, 24 parts of DPnB, and 1 part of
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an associated thickener (manufactured by ADECA CORPORATION, trade
name "Adecanol UH-420" were added to 500 parts of the pigment paste,
and the resultant was mixed, to thereby obtain a base resin liquid

for a coating material I.

(Production of curing agent)

40 partsofwater, 10partsof DPnB, and 50 partsof polyethylene
glycol #400 dimethacrylate (EO 9 mol) (viscosity (25°C): 58 mPa-s,
molecular weight: 508, number of functicnal groups: 2, acryloyl
group equivalent: 254) used as the compound (B) were mixed, and
themixturewas stirredusing a homogenizer for 10 minutes, to thereby
obtainacuringagent I. It shouldbenotedthat the specificgravity

of the solid content in the curing agent I was found tobe 1.2 g/cmB.

(Production of aqueous coating composition)

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

agueous coating composition 1.

[0084] (Examples 2 to 22)

Agqueous coating compositions were obtained in the same manner
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as in Example 1 except that the kinds and blending amounts of the
base resin liguid for a coating material I, curing agent I, and
alkoxysilane compound (C) were changed as shown in Table 2 or Table

3.

It shouldbenotedthatbaseresinliquidforacoatingmaterials
II to VIII were obtained in the same manner as in Example 1 except
that agqueous epoxy-based polyamine resins (A) shown in Table 4 were

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

Curing agents II to IX containing compounds (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
5 by mixing methods shown in Table 5. It should be noted that a
nonionic emulsifier (manufactured by Nippon Nyukazai Co., Ltd.,
trade name "Newcol 740") was used as an emulsifier in each of the
curing agents II, IV, V, VIII, and IX. Table 5 shows the viscosity
at 25°C, molecular weight, number of functional groups, acryloyl
group eguivalent, 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,"
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1f the mixture contained no precipitate and was clear, the compound
was evaluated to be "water-soluble," and if the mixture contained
no precipitate and was turbid, the compound was evaluated to be
"self-emulsifying." It should be noted that the specific gravity
of the solid content in each of the curing agents II to IX was found

to be 1.2 g/cm’.

As an aminosilane coupling agent used as the alkoxysilane
compound (cy, N-aminoethyl-y-aminopropyltrimethoxysilane
(manufacturedby Shin-EtsuChemical Co., Ltd., trade name "KBM-603")

was used.

[0085] (Comparative Examples 1 toc 3)

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

parts) was changed as shown in Table 3.
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[0088] [Table 4]
Agueocus epoxy-based polyamine resin (A)
Base resin Aml?o Tent
ise equivalent of
liquid for Epoxy
, i agueous
coating equivalent of
' ‘ epoxy-based
material epoxy resin ‘
polyamine
resins
. I (Produczion.Example 1,079 1,184
IT (Production
II Example 2) L 079 0%
IIT (Production
111 Example 3) 720 o1
v IV (Production 3,000 1,550
Example 4)
v Vv (Produc%;on Example 1,079 1,093
- VI (Production 1,079 1,093
Example 6)
VIt VII (Production 1,079 1,093
Example 7)
VITT VIII (Production 2,200 1,150
Example 8)
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[060S0] <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 appliedusing an applicator ontoa 20 cmx30 cmgrit blasted
steel sheet so that a film thickness of a dried coating film of
100 ym was achieved, and then allowed to stand at 5°C in an atmosphere
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

D: Large peeled part

(Pencil hardness)

Atest sheet wasobtainedinthe samemanneras intheevaluation
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of the low-temperature curability. Thepencil hardness of acoating
film formed on the test sheet was measured in accordance with JIS

K 5600-5-4.

(Initial rain resistance)

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

based on the following criteria.

AA: No defect in outer appearance observed
A: Slight 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,
a zinc-plated steel sheet, an aluminum steel sheet, and a shop primer
steel sheet, each of which had a size of 7 cax15 cm, so that a dried

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

machine described in JIS K 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 coating film was evaluated based on the same evaluation

criteria as those for the low-temperature curability.

(Corrosion resistance evaluation B)

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

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

(Top coating property evaluation)

The agqueous coating compositions obtained in the foregoing
were each spray-applied onto a shot blasted steel sheet with a size
of 7 cmx15 cm so that a dried film thickness of 95 to 105 um was
achieved, and the sheet was allowed to stand at 20°C for 7 days

and then exposed to an outdoor environment for 7 days.
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Five steel sheets each thus having formed thereon a coating
film were prepared. An cil-based coating material (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
"Polyuremytilac M"), a solvent-type epoxy-based coating material
(manufactured by NIPPON PAINT MARINE COATINGS Co., Ltd., trade name
"Epoxy Finish M"), an agueous epoxy-based coating material
(manufactured by NIPPON PAINT MARINE COATINGS Co., Ltd., trade name
"ODEMARINE PF"), or an agueous urethane-based coating material
{(manufactured by NIPPON PAINT Co., Ltd., trade name "ODE URE TOP")
was spray-applied onto each of the prepared steel sheets so that
a dried film thickness of 35 to 45 um was achieved, and the sheets
were allowed to stand at 20°C for 7 days, to thereby obtain test

sheets.

The adhesivepropertyofeachof the steel sheetsandthecoating
film formed using the agueocus coating composition obtained above
was evaluated in the same manner as in the corrosion resistance
evaluation A except that the test sheets were obtained as described

above.

[00%81] As clear fromthe results of Examples 1 to 22, the aqueous

coating composition of the present invention exhibits excellent
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730 810 iv IV(Production Example 4) 3,000 ,079 1,550 V VIV (Production Example 5) 1,093

VI(Production Example 6) 1,079 1,093 VII VII(Production Example 7) 1,079 1,093
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 agueous coating composition of the present invention can form
a coating film excellent in corrosion resistance by containing the

alkoxysilane compound (C).

[0092] Inaddition, asclear froma comparison between Examples
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 ratic of the aqueous
epoxy-based polyamine resin (A) and the compound (B) is in a specific
range, excellent Jlow-temperature curability and corrosion

resistance can be achieved.

[0083] Further, as clear from the results of Examples 12 to
16and20to 22, theaqueous coating composition including the agqueous
epoxy-based polyamine resin (A) obtained using the epoxy resin (al)
having an epoxy equivalent of 2,000 to 3,200 can form a coating

film significantly excellent in initial rain resistance.

Industrial Applicability

[0094] The agueous cocating compositionof the present invention
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VIII VIlI(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 compositfoifs WBERIP REthe
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 therepn acoafing film, . . o Aworker with.a hody weight of 65 kg heeled pn the surface of the

resultant coating film with his safety shoe for 30 seconds, and the condifion of the coating film was
then evalyated wisually-based an the fallowirg griteria, A: NP peeled-RartBaAlnostna,peeled part C:
Small peeled part 0: Large peeled part (Pencil hardness) A test sheet was obtained in the same
mannersassiidhe evaluatione F2P=NPP092@1RCT of the low-temperaiure ewrability, Thepeneil
hardness of a coating film formed on the test sheet was measured in accordance with JTS K 5600-5-4.
(Initial ramiresisianceyed ithe aqueouscoatingocarmpositions obtained in thestorege were each
applied onto a polished steel sheet us g a. brush in an application amount of 200 g/m2, and dried in an
environaepk of 5 clit Z2phoursgto tharebyobtaintatestisheet. The testasheetsvastinemerssed,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 appéaraficé of tHecdoatig filkt weslisually Bb8Erves Antevaliated basetear fiefsliewing
criteria. All: No defectouter appearance observed A: --light changes in luster and color but no
mark of CraSkiHG bf Swefling bbteniedPEPNAFKk Bf Eratkint or el obserfed (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.
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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 peefe? ¥ R¢R2QtHeEive
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 thatthgtest 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 gvalyation)s codiheaguenusscoatinengompegitions abtained 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 ta 165 pmywas ackieved,-antthe sheetwas e lewed torstand at20:Clornicdays and
then exposed to an outdoor environment for 7 days. F2P-NPP09201POT Five steel sheets each
thus flayingrformesatheregrawoatiag difm werequrepared.34m oit- basedcoatinge Tatela ¢maaufactured
by NIPPON PAINT MARINE COATINGS Co., Ltd., trade name "CR Marine Finish"), a solvent-type
urethane-based Boating ffetaldmaiifacufsteby NIPPON PIENT) MARINEYCOATINGS 6., Ltd.,
trade name "Polyuremyt lac M"), a solvent-type epoxy-based coating material (manufactured by
NIPPON PANT MARINE'EOATINGS Co., Ltd., trade name "Epoxy Finish M"), an aqueous
epoxy-based coating material (manufactured by NIPPON PAINT MARINE COATINGS Co., Ltd., trade
name "ODEMARINE'PFY 6°&H 24U88§s Grathane-Based coating material (manufactured by NIPPON
PAINT Co., Ltdv.v, teraade.nqme "ODE ORE TOP") was spray-applied onto each of the prepared steel
sheets so that a%rlgﬁ Filrh thickness of 35 to 45 pm was achieved, and the sheets were allowed to

stand at 20C for 7 days. tohereby oplain estaheets, o, Theadhesive Jranarty of each of the stee

sheets and the coatihg film formed using the aqueous coating composition obtained above was

evaluatsship dne sememannel psidhe gaesipnssyspoepelaton Axceby ol he fasf sheets

were obtained as described above. [0091]As clear from the results of Examples 1 to 22, the aqueous
coatingcerapesitien ¢f theipresentinyention exhibits excelleny R2ZP-NPP09204PCT low-temperature
curability by containing the aqueous epoxy-based polyamine resin (A) and the compound (B).
Meanwhile, as glearfrema comparisarkbetweenbxamples lite 2dcand-Carsparative drxasple 1, the
agueous coating composition of the presen invention can form a coating film excellent in corrosion
resistance byeontaming theakkoxvsilanergonspauneh(C)s [0D92] nzadefition; as ctearsffom 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
betweel -ERdfipléd: ] fFPEaANE CoRipatatReErample dfenife gtivaentfatio HT1RE Atlieous
epoxy-basedpolyamineresin (A) andt ecompound (B).is ina specific range, excellent low-temperature
curability and coiYositimesistancis can' Be Gehrsed" f00d31Bufthel UsTHER TG the i of
Examples }:2 to 16 andZOtOtZZ, thea%Jeouscoatinagckg)rrgositionincl dingthgagueous iy
epoxy-[%él)éaedlpn é:r%frﬁ%orséjsinlﬁs o%?ai%é%lﬁ%iﬁathe e&oxey r]'feesisnlflal ﬁgwﬁg anoerpc?xyce?cfun}arﬂgnt of
2,000t Q0 can for coating film significantly excellent in initial rain resistance. Industrial
Applica% |t3%fd§§4]‘%ﬁ§q a%ueggﬁlsl % art%%%%n’wposition of the present invention F2P-NPP09201PCT can
be suitably used:as an anticouogive;coatingmaterialin aninnereroyter plate partof,a shipand a
submerged structure in seawater or freshwater. Specifically, the composition can be suitably used in:
an innefprouter Rlatepant ota shipsuehas.decls hatch ggaming, upper structure part, hull part,
engine room, living quarter, or car hold; a submerged structure in seawater or freshwater, such as a
piping materialrard the like.g F2R:ARPO20ERGCTE Glaims [ClaimoijAn agueons coating eamposition,
comprising: (A) an aqueous epoxy-based polyamine resin having one or more primary amino
groupsandiaryseicomdarycaminougrdups 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
alkoxysifah@idbripodrid fC) iR SolitPéoritefit 6PIRRAiebd coatifig tonthdsitich-R1072 &% to 5

mass%o. [ClaimZ]Ar]aqueouscoatingcomnositionaccordinégtoclaimI, wherein ‘ _
2, wherein the agueous epoxy-base polyamine resin (A) 1is
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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 afeitRISIMRIdIRG 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 41 An aqueous coating composition accordingany one of claims 1 to 3,
wherein,the.aqueous epoxy-hased 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 compaosition according to
any on€ ofielaimg | ta.4, whierein the agueouds epoxy-based polyanine resin{A) gampsisescr an
agueous epoxy-based polyamine resin (Al) obtained by amine-modification of an epoxy resin (al)
having an poxyledquivalentiof 4d00rtorh808gandus can agubass époxy-pased potyamine(fesin (A2)
obtained by amine-modification of an epoxy resin (a2) having an epoxy equivalent of 2,000 to 3,200.
[Claira 7pAN 2luends coatifg corepos:it 2 ismaceording Go tetaimy 6,GVherein 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 agueous
coating composition according to any one of claims 1 to 7, wherein the aqueous epoxy-based
polyarrine resin (P) is obtained by neutralizationf o . 0- an amino group of an
epoxy-based Golyantiie FEEITRItR &rPa&Gd"End FRRURraliz&for FARANRE netitiYaliSifis 0% to
70%. [Cc:kaim 91 fr]cgq_hjeo‘yg é:oatingtc}?%n%%gteg))% %?‘%gé%g% (fti% any one of claims | to 8§, wt?irein the
the nt has a

compounda f‘éssnas a vistosity at25Cco aim (fO{]-’ %\%yfﬁje%%srgosajtirﬁg cdmposition
according to, any.one.of claims 1 to 9, further comprising a pigment, wherein igme
AN QNSO 9 2 JUihe %‘%[ RIgMe:

pigment Vol mé Soncentation of 209 t5'80%. [Claim 1] A metiod SFforining & coating i,
comprising applying the agueoys ing compositionaccording 4@ 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.

[Claim 6] An aqueous coating composition according to any one of

claims 1 to 4, wherein the agueous epoxy-based polyamine resin (A)
comprises:

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

an agqueous epoxy-based polyamine resin (A2Z2) obtained by
amine-modification of an epoxy resin (aZ) having an epoxy equivalent

of 2,000 to 3,200.

[Claim7] Anaqueous coatingcompositionaccordingtoclaim6, wherein
amass ratio of the epoxy resin {(al) and the epoxy resin (a2) (al/a2)

is 8/2 to 2/8.

61



F2P-NPP09201PCT

[Claim 8] An aqueous coating composition according to any one of
claims 1 to 7, wherein the aqueous epoxy-based polyamine resin (A)
is obtained by neutralization of an amino group of an epoxy-based
polyamine resin with an acid, and a neutralization ratio in the

neutralization is 10% to 70%.

[Claim 9] An agueous coating composition according to any one of
claims 1 to 8, wherein the compound (B) has a viscosity at 25°C

of 3,000 mPa‘s or less.

[Claim 10] An agueous 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 method of forming a coating film, comprising applying
the agueous coating composition according to any one of claims 1

to 10 onto a substrate surface to form a cocating film.

[Claim 12] A method of forming a coating film according to claim

11, further comprising applyinga top coatingmaterial onthe coating

film to form a top coating layer.
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