NPP11067PCT Description Title of Invention: METHOD FOR FORMING COATING FILM Technical
Field [0001]The present invention relates to a method for form a coating film. Background Art [0002]In
~ general, a solvent-type coating material including an epoxy resin and a polyamiB€ Ebpdtfad is used
as an ant icorrosive coating material. However, in recent years, from a standpoint of environmental
protection, there is a social demand fora shift from the solvent-based coating material to an aqueous
coating material. Examples of the aqueous coating material include an agqueous coating material which
includes: as a base resin, a mixture obtaingd by blending a variety of pigments and additives in a
water-soluble polyamine resin; an epoxy-resin emulsion; and an acrylic silicon resin emulsion
containing-a glysidyt greup-aneh amatkoxysilytgroun Ratent Bosument &) {#003]However, in the case
of using a curing reaction of the epoxy resin and the pclyamine compound, it is difficult to form a
coating film which exerts p acticalperformanc at lowtemperature (e.g., 5C or less) because the curing
reaction hardly proceeds at low temperature. NPP11067PCT Prior Art Document Patent Document
[0004][PELNhL[IR 115166153 A Summary of invention Problem to be solved by the invention [0005]The
present invention has been made to solve the conventional problem, and an object of the present
inventidriVigdeé provide & hetha@ ferforminicea eoating $ilm vitich ¢s @xeelidtdn fow-témpetdtdre
curability. Means for solving the Problems [0006]A method of forming a coating film according to an
embodinéiftdt tHe pfesEht invention includes coating a substrate with an aqueous coating
composition to forma coating film, wherein the agueous coating composition includes: an aqueous
epoxy-based polyam ne resin (A) having one or ore primary amino groups and/or seccrin-ar, amino
groups%n a molec%Ig; ggg a compound (R) having one or more (meth)acryloyi groups in a molecule.

In a pre grcr}eigre(r)n%odiment of the invention, the aqueous coating composition is a two-component

aqueous,caating Comp‘i‘?!“%@A%%qif‘gaa%’é‘f%ﬁiiﬂé' \d for.a coating magerial %%%%&&Q?B%agem’

the base resin liquid for a coating material comprising the aqueous” NPP11067PCT epoxy-based

polyaming zesin (A) and-the.curing agent eamprising, The campouRd(B).,, 4nin aprefedede

embodiment of the invention, the aqueous epoxy-based polyamine resin (A) is water-dispersible.

In a prefewed embediment of theyin,wention, the agueaus Lpoxy-basegpalyaming fesin (A)has an
amino group equivalent of 100 to 3,000. In a preferred embodiment of the invention, the aqueous
epoxy-based-pelyamine resin (A} isiebiained:by aminednedificatien of anfepoxydesinsanddhe epoxy
resin has an epoxy equivalent of 180 to 3,800. In a preferred embodiment of the invention, the
agueousrepexy-based petyadneaem (&) imstheaiguiedus goating compasitian intludes: mnzagueous
epoxy-based poiyamine resin (Al) obtained by amine-modification of an epoxy resin (al) having an
epoxy éguivaléasod 40010 4509y and-ar agueocus epoky-based: pelyamirecresiniobtaindd by

amine-modification of an epoxy resin (a2) having an epoxy equivalent of 2,000 to 3,200.
material which includes: as a base resin, a mixture obtained by

blending a variety of pigments and additives in a water-soluble
polyamine resin; an epoxy-resin emulsion; and an acrylic silicon
resin emulsion containing a glycidyl group and an alkoxysilyl group

(Patent Document 1).

[0003] However, in the case of using a curing reaction of the
epoxy resin and the polyamine compound, it is difficult to form
acoating filmwhich exerts practical performance at low temperature
(e.g., 5°C or less) because the curing reaction hardly proceeds

at low temperature.



In a preferred embodiment of the invention, a mass ratio o the epoxy resin (al) and the epoxy resin
(a2) (al/a2) is 8/2 to NPP11067PCT 2/8. In a preferred embodiment of the invention, the aqueous
epoxy-based polyamine resin (A) is obtained by neutralization of an amino groVBIbt Hbegtxy-based
polyamine resin with an acid, and a neutralization ratio in the neutralization is 10% to 70%. Ina
preferred embodiment of the invention, the compound (B) has a viscosity at 25C of 3,000 mPa-s or
less. In a preferred embodiment of the invention, the compound (B) has a molecular -eight of 150
or more and 2,000 or less. In a preferred embodiment of the invention, the method of forming a
coating film further includes forming a top coating layer on the coating after the forming of the coating
film withy the,agueousreoating-composition. In a preferred embodiment of the invention, the method
of forming a coating film further includes forming an intermediate coai_Inglayerafterthe forming of the
coating fmiththengueous.ecoaftng composition and before the forming of the top coatis-1g layer. In
a preferred embodiment of the invention, the method of forming a coating film further includes forming
a undercoéatidg layer NPPLLO67P CT bh-substrate Before the forming of the coating film with the
agueous coating composition. Effects of the invention [0007]According to the method of forming a
coating film according to the present invention, it is possible to obtain a coati film which exerts practical
performance even at low temperature (for example, 5C or less) by using an agueous coating
compositidirmeluding an eeuedas epoxy-based polyamine resin (A) having one or more primary
amino %gugs and/or secondary amino groups in a moleculeanda compound (3) having one or more
(meth)achyiByiGrotps ffa Moi&&dle "Moré SpedifiEally: tie aqueous coating composition -utilizes, for a
curing rgg%%q a Mich%e}Ileadditioré re%cticin at a high regctivit , and hence a cured ﬁ%aetingcﬂlén can be

. a?re n Nvern n a een made to S%
obtained even-at low temperature (?or example, or less). Further, in the case where the aqueous

epoxy-base lyamine resin (A) is water-dispersible,.th u ting composition has good
stability%?&ﬁ%octé%npaefa }fgr]?nfg&fg 5 \(/](rar?%hiéiwblje%%%vi%s&ﬁ% I%é%%épgd(%ﬁfr% ?gtalc?ign thgelf and i§
excellentjnyyorkapility, compared witha:solyent-based, coating eampogitiony In addition, the, gpoxy resin

is used as a binder, and hence a coat film excellent in corrosion resistance can be obtained.
Descriptign 0f Fmbediments,; [0008]A-Method,of forming coating film NPP11067PCT A method
of forming a coating film according to the present invention includes coating a substrate with an
agueous coat composition to form a coating film. [0009]A-1. Outline of aqueous coating composit
The aqueous coating composition includes: an aqueous epoxy-based polyamine resin (A) having one
or more/prmarytamirogrolps andéorrsegohdary amino groups in a molecule; and a compound (B)
having one or more (meth)acryloyl groups in amolecule. In the aqueous coating composition, a curing
reactiorl (Michael additibn reddtion) ofithéaitjuenas epoxgbased polyamirecresii (&) and the
compound (B) is caused to proceed by mixing these compounds, to thereby- allow a coating, film to be
formed SThe efifg Feaction6f thessficbus 8poxy asetsolyaifimeeain (19 and tHeséompsund (B)
can be Performed even at low temperature (fox example, 5C), and hence the aqueous coating
compogitidrtis BxEBHERIR I6RAe et U aBifty. (0010FFhE ddioti Tdaltinty cBrpbSition is
preferabg a two-component agueous coating. com osijteio%inc_luding a base resin#gui%?for agoating
materiat ﬁdaaq&fr?nuggaﬁé)ﬁt? ft'i§ p?é)fgpr%ajtﬁ&tot?\e ase'r %%’Ii(fﬁﬂd?gﬁlg %Bﬁtiﬁﬁ efial iiciude the

agueous elpo%(%-based %glxargggeﬁgsin (A)band the curin%%g%rgrincgjde the com qund @)©¥Vhen the

U%O 0% ine re Vll’l% ne or more minoe gr S a.?
agueous € g composition'is used asthe two-component aquedus coafing composition, an

aqueous coating  NPE11067BCT, compasitio, excellent in lowstemperature curahility can he obtained
because it is possible to select a combination of the aqueous epoxy-based polyamine resin (A) and the
compom(@Isqggrtgat(Q@b@f%@@@@ibi%@ig%gaqtjyig tp each other. [0011]Before mixing of the
agueous epoxy-basedpoThy-araine resin (A) and the compound (B), the aqueous coating composition
may be treated, for example, by (1) diluting the compound (B) with an organic solvent, (2)
mixingemulsifier in the compound (B) or emulsifying or dispersing the compound (B) with a dispersant,
an emulsifier, or am agquettisresiamrd(3) dispersingtthe eompotind (3 hin acdispersing £tement of-a
resin different from the agueous epoxy-based polyamine rosin (A).When such treatment is carried out,
the agueousositionisatwo-component aqueous coating compositionincluding

a base resin liguid for a coating material and a curing agent, the

base resin liquid for a coating material comprising the agueous



epoxy-based polyamine resin (A) and the compound (B) can be mixed without using a special mixing
device, to thereby obtain an aqueous coating composition excellent in dispersibility and capable of a
lowing the aqueous epoxy-based poi yamine resin (A) andthecompound (B) tVRIatt WGhR{GEEN other
efficiently. [0012]Examples of the organic solvent to be used when the compound (B) is diluted with
the organic solvent include ethylene glycol monobutyl ether and diethylene glycol monobutyl ether.
[0013]A nonionic emulsifier or an anionic emulsifier, for example, is used as the emulsifier to used
when the emulsifier is, NRR11067RCT mixed in,the.compaund.(B).or the compound.(B) is:enulsified
or dispersedinwaterwiththedisoersant, the emulsifier, or the aqueo s resin.Examples of the nonionic
emuIsifigﬁg]c&q%%lggg/ow@thylene alkyl phenol ether, polyoxyethylene styrenated phenyl ether, a
rolyoxyethylene alkyl ether, a polyoxyetnylene polyoxypropylene block polymer, and a sorbitan fatty
acid ester. Examples of the anionic emulsifier include a dadecylbenzenesulfon c acid salt, a dialkyl
succinate sulfonic acid salt, a polyoxyethylene alkyl ether sulfuric acid ester salt, a polyoxyethylene
styrenated pheriyt ethepsulfuricracid estersalcand anfalkyl«ip. enyhethen disulfenicacid ous
salt.Examples of the dispersant include polyac ylic acid sodium salt, an ammonium salt of a half ester
of styrepe-nyaleicsaid popolgmencand:a polyethylérse oxideradtiueb of a halfester of a styrene-maleic
acid copolymer. Examples of the aqueous resin include a sodium salt of polyacrylic acid ester. It
should be noted that, in the case where the aqueous coating composition is a two-component
composition, the dispersant, the emulsifier, or the agueous resin may be incorporater, into the curing
agent. [0014]Examplestofthé Tisper<ify efktist to Bé uSEd wher Thé coMpolnid (B) 38 8ikpérsed in
the dispersing element of a resin different from the aqueous epoxy-based polyamine resin %Linclude
an emufSish 8n& URSpersion 6T an Ser i rdsin. Hn 8Mulsion %H%rtﬁlsﬁetr%}b% SR UPRH&ENE résin, and an
aqueouEde(po%(g-b?sSgBolyamine NPP11067PCT resin having no primary amino group and no
secondary amino group. [0075]The content of the aqueous epoxy-based polyamine resin (A) in terms
of a solid content is preferably 5 to 95 mass%, more preferably 10 to 90 mass% with respect to the
total solid content of the aqueous coating composition. [0016]The content of the compound (B) is
preferably 2 to 30, mass%.more preferably 5 te.25 mass¥a with tespect tg the tofal solid coptent of the
agueous coating composition. [0017]An equivalent ratio of the (meth)acryloyl group of the compound
(13) and the: aming groy of theiagueeus; epoxy-basespalyamine resin {Ay ((meth)acadev on
group/amino group) is preferably 0.7 to 2.5, more preferably 0.8 to 2.0. When the equivalent ratio is
less thamf0 in the oy temperatuesneurabdity of the agueous ceating cppppsitionmay seduces When
the equivalent ratio exceeds 2.5, the adhesive property of a coating film to be obtained may reduce.
[0018] ThelaqueoBis £oating composition may further include a pigment. When the pigment is
incorporated, the aqueous coating composition has an increased viscosity and can forma thick coating
film by single application. As a result, an aqueous coating composition excellent in application
workability can be obtained since the number of application can be reduced, and capable of forming
NPP11067PCT & ccatiRg fifri WHich SkHikitsiSiFficiemticofidtiontésistate canbe obtaifed:s
[0019]Specific examples of the pigment include: color pigments such as titanium, oxide, yellow iron
oxide, rell FFoR"GRaGE TRBORBIACIE it oty anine biueS pHiAI8Eyafing greenca%6 red: ghitfacridone
red, anqgg%i?gdazolbnegellow extende__rkg)i%rg nts §r$0h as calcium ca{mnatebé%)griurg %Ifate,

kaolin, Clay, talc, Séfnc1arrﬁiéja,uaen%luza%nt?-%)sfg[yp|gr%en s §ich’as zine ﬁﬁosslp ate a}mpc &ium P oé/phate.

[0020]The pigmentvolume qoncentration,af the. plgment i the agueolls ceating compositionis
preferab y120 to 50%, more p?é}erab%f\ Zeg)to ?5%, parti(cu@rly preé%aﬁ?%%%t%q%o ou. W %ﬁljt?ﬁe pigment
volume conggptration issless than 20%.4he effect ofthe.jncorporation of the pigmeat maybe)
insufficient, while when the pigment volume concentration exceeds 50%, the outer appearance of the
coatingdibmanay detegiosaten i -shouldrhe neteg-thatthe pigment velume, conecentration cgan He
calculated from the mass of the pigment blended and the specific gravity of each component in tde
coatinggpateyiakquivalent 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



[0021]The aqueous coating composition may include water, solvent, or an additive. Specific examples
of the solvent include: glycol-based solvents such as ethylene glycol, propylene glycol, ethylene glycol
mohobutyl ether, propylene glycol monobutyl ether, NPP11067PCT diethylenS R EHBGpYlene
glycol, diethylene glycol monobutyl ether, dipropylene glycol monobutyl ether, and diethylene glycol
dicutyl 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-trignethy1-1,3-pentanediolmonoisobutyrate (manufactured byCHISSO CORPORATION, trade
name "03-12"), 2,2,4-trimethy1-1,3-pentanediol diisobutyrate (manufactured by CHISSO
CORPORATION, trade name "05-16"), diethyl adipate, and diisobutyl adipate. Specific examples of
the additive include a dispersant, a viscosity adjuster, a curing catalyst, a surface conditioner, a
defoamer, a plasticizerpa ditna ferming alsh @iN¥rabserbingragent, and:an antioxigant JAben: the
agueous coating composition is used as a two-component aqueous coating composition, water, the
solventeand/or tresadditive yeayibe addedto 8hasesresin iquiddoba coating aatedaliara cdring agent
before mixing of the base resin liquid for a coating material with the curing agent or may be added
after mixingof the baseiresif litjuid fory chatimsinrrenalinwitretieesuring agenewWhichof thedbase
resin liquid for a coating material and the curing agent water, the solvent, and/or the additive are/is
added o may becdetémiined baded on'the Tifictivhistartt propeitids expetted 6fthéRT {0022]The
agueous coating composition may include an alkoxysilane compound as an additive.The aqueous
coating NPP11067PCT composition including the alkoxysilane compound_ can forma coating film
excellent in adhesive property to the substrate. . .

[0023]SpecificekAnplossRAGAIR STARGEBmEBURIREIGA Y By Ak TSIREydindEduchas
y-diyeidoxypronyltimetnaxysiane, y-glycidoxypronyliethoxysiiane and
y-glycidoxypropoxytrimethoxysilane; y-amlnoéropyitrlalonysﬁanessuchas
y-aminopropyitriethoxysilane and y-aminopropyltripropoxysilane; andN-phenyl-y
minoalkyltrialkoxysilanessuchas N-phenyl-y-aminopropyitrimethoxysilane, N-phenyl-y-aminopropyit
ethoxysilane,ant Nspheayly-aminapiopy HRrapoxysiane ; Theynmay eusedalenegrdneembination.
Theymaybepartiallysublectedtohydrolysisand/or hydrolysis dehydration condensation. 0024]When the
alkoxysilape gomposndis incespenated; fts comtent ispreferably 0.30t0B massts énore preferably 0.5
to 2 mass% with respect to the total solid content of the aqueous coating composition. [0025]A-2.
Aqueous epoxy-based polyamine resin (A) The aqueous coating composition includes the
agueous epoxy-based polyamine resin (A) having one or more primary amino NPP11067PCT groups
and/or secondaly: amipg gfcupssia cemotetiule Mhecdquentisicoating tompositirriacludihgsiich resin
as a binder can form a coating film excellent in corrosion resistance. It should be noted that the
concepf 6f "au@cus Cas hised hietein earhprehénds iate risoliibleYand- Water alispersitte  T0026] The
aqueous epoxy-based polyamine resin (A) is preferably water-dispersible. When a water-dispersible
aqueoudepoxy-bagéd Polyarineresir(A)IE dsetlatdating i exXESliert ir witlel résistanGe can be
formed. In addition, in the case where the aqueous epoxy-based polyamine resin (A) is
water-dispErSiBre, 196 feshy cah B Eisily Pixed with the compound (B). Further, a rapid reaction
progress of the aqueous epoxy-based polyamine resin (A) and the compound (B) can be inhibited to
appropriately adjust the reactivity, thereby obtaining an aqueous coating composition with a long
service life. Morg.specifically, inthe Gase yhere the aqueaus epoxy-based plyaming.fesin(A) is
water-di spersible, in the aqueous coating composition before application, the reaction hardly proceeds
even atorginary, temperatyre, which provides.good stabilityandapplicatiopproperty - hecausedhe
agueous epoxy-based polyamine resin (A) is hardly brought into contact v he compound (2).
Ontheotherhand, afferapplication;adispersionmedT hre(suchras watennvelatiizes to {acilifatesthe
contact between the aqueous epoxy-based polyanine resin (A) and the compound (B). Therefore, the
curing reactian proceeds évenatdow teafperatutes tbthereby of the top coating layer.

In a preferred embodiment of the invention, the method of

forming a coating film further includes forming a undercoating layer



NPP11067PCT allow a coatin., film to be formed. [00277The agueous epoxy-based polyamine resin
(A) can be obtained by, for example, amine-modification of an epoxy resin. Further, when the
epoxy-based polyami e resin obtained by amine-modification aqueous, the epdXiPBas&d Bélfamine
resin maybe converted into an aqueous resin by, forexample, neutralization of an amino group with an
acid, to thereby obtain the aqueous epoxy-based polyamine resin (A). [0028]The epoxy resin is
preferably a bisphenol A-type epoxy resin or a bisphenol F-type epoxy resin, particularly preferably a
bisphenql Astyne epoxy;resin, (00291 Fheepgxyequivalentoftheepoxyresinmayhedetermined depending
on desired coating film physical properties. The epoxy equivalent is preferably 180 to 3,800, more
preferably-A00.to 3,200 -Rarticyarly 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 film to be obtained may reduce. Meanwhile, when
the resinfhascars epaxy-eguivateahofimore than 3,800, the epoxy-basedpolyamine resin may not be
dispersedinwatertocausephase separation, which makes NPP11067PCT it impossible to convert the
coating [dgmpasition intd ancagiicots bae Ahd tanebtamdarrdquevusicoatiag corapaositonthaving
sufficient water-resistant adhesive property. It should be noted that the epoxy equivalent of the epoxy
resin carrBe Betetthired e RcorGarice Wit SR 72361 fPautfitién, *Heotems 2inftial ¢ain résistance” as
used herein refers to water resistance in an initial stage of the curing of a coating film, specifically, in a

stage irf whith'& t6atifg filht Whithefas fct catRpIe Iy elied BUtE ndh-sticky I<BRRed. When the
coating film is poor in initial rain re istar}g , the coating film may break or swell by exposure to rain
befors tHe AppTet Eadting it EEreS Compiaiely. Fifb 28UREUE LBatngEomSbSoR CapAtI! forming
a. coatijr_l J rgéwﬁ\l/ingapligg igiggggirg reg,istgr%ces ies ar'([)i%ulggrl1 r(?gﬁfectévseitrjlse forﬁn ourjtidoor object to be
coated whic mayqoe expo%ed 10 Tairt befdre the apﬁie Coa ing fim cures c&mp%Yéy.quEi&(efjln one
embodiggentothe ehoydeginda ey esindal hg.aneponsaguivalenhel 40001500, When an
agueous epoxy-based polyamine resin (Al) obtained by amine-modification of the epoxy sin (al) is
used, its possible 10 ghtain an Aguequs coating smRrositian, capakle-ef forminga coating film
excellent in water-resistant adhesive property. The epoxy equivalent of the epoxy resin (al) Is more
preferably 60040400, parisularhppreferably1800 te 43001034 Jhvanathgr @mbediment; the epoxy
resin is an epoxy resin (a2) having an epoxy equivalent of 2,000 to 3,200. When an aqueous
epoxy-hased pelyamire resindRP2)rabtained hycamine-modiication atitheiepoxyaesini(a?) istused, it is
possible to obtain an agueous coating composition capable of forming a coating film, excellent in initial
rain resistange. The epoxy eyuivalehtiaithe epoxy resind@a} isvmore preferably<2,200 ¢0.3000.
[0032]As the epoxy resin, two or more kinds of epoxy resins may be used in combination. [0033]As the
epoxy Ie%iH; thérelindy BeTirseeedive suljéetedetvadhair elongatien threotigh utiliZatiGhofa réaction of
an active hydrogen-containing compound capable of reacting with an epoxy group with an epoxy
group tblicréasethilifolecliaFweigRESHthe FESIK BT 16 RTGHif) e FESIR-EXERTHIES dfthe agtive
hydrogen-containing compound include a bifunctional compound such as a dimer acid, diamine, or
poiyethé? pofyof [663AS the Epoxy Fésin2fhes8 Hiay BeUsedons HaVIHY & fatfy afidadd&d Before the

amine rygggic@:li%n- ;’Qeoq:%djtrilonrall WS 8 80 %c%mpf)rqesnt Jt_%ge i)[:]troeducefgiin%o thréearetsinv%nd allows
the number of epo¥<y groups]’[oabeyrec?uc%d, fhereﬁy redu%mg sites {0 be amime-moditied toﬁgwer a

reactivity, for example;, 109351The epaxy-hased nolyamine tasin can,be;abtained threugh modification
of the epoxy resin by any appropriate modification method. Examples of the modification method
include;,a,method i'“&‘{PMH%@%H% primacy, aming grounscontaining polyamine; to; ), epoxy, resin;

and a method involving adding a ketiminated amino group-containing compound to an epoxy resin The
epoxy-based pelyamine resinoptaivedras deserbed aboveihasone Hh MaLeprEMary. aaine, groups
and/or secondary amino groups, and secondary hydroxyl groups inamolecule. The epoxy-based
olyamirte tesir:mayldea tesin obtained byra reactien of partof thé prigsiatys amdan 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, an acid anhydride group, an acid halogen group , or an
socyamate group. When a product obtained by making an epoxy-based polyamine resin aqueous, the
epoxy-basetr polyaminecfesinbeingrobiaified by a reaction of a compound having such functional
group, is incorporated as part of the aqueous epoxy-based polyamine resin (A) to be used, physical
properties’6fthe resultdht d6aHAG AR tah DeTadjGsted (0038 Fhel fethod 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 group-containing DO yamine with an epoxy group in the
epoxy resin to form a secondary amino group, resulting in producing the epoxy-based Polyamine resin
having the secondary amino group. [0037]Examples of the primary amino group-containing polyamine
include diethylenetriamine,dipropylenetriamine,



dibutylenetriamine, and triethylenetetrami -. They may be used alone or in combination. [0638]The
method involving adding a ketiminated amino group-containing compound to the epoxy resin is
specifically a method involving allowing the ketiminated amino group-containidPdbhhpeiitdnd the
epoxy resin to react with each other and then hydrolyzing a ketimi, oup to form aprinaryaminogroup,
resulting in producing the epoxy-based polyamine resin having a primary amino group. It should be
noted that when the ketiminated amino-group containing compound and the epoxy resin are allowed to

react with eachother, a-3econaary.amine such as digthanciaming, methylethanelamine, or, ¢

diethylamine may coexist. [0039]The ketiminated amino group-containing compound can be obtained
by reacti a,Rrmanyamino ¢QLR-coRtaINNG compoyad with-a ketane Examples of the, pimary amino
group-containing compound include: primary amino group-containing polyamines such as
diethylenetriansine; dipropylenetiamine,butylenetramine, and triethylenetetramine; aminoethyletha
lami ; methylaminopropylamine; and ethylaminoethylamine Theymay be used alone or in combination.
Examples of the ketone include methyl ethyl NPP11067PCT ketone, acetone, and methyl isobutyl
ketone. [ 0 0 4 0 IThe epoxy-based polyamine resin may furthermodified by allowing the resin to react
with a comgduind having alfunctidnal geours resttive withca antigo group? depending on desired
coating film physical properties . Examplesofthefunctionalgroupreactive with an amino group include
an epoxy groupl ametfy aeryfoyl §PEUP; Eh iseefaate gredp, and-al AeRl ankydrideigroap s
[0041]The amount of the amino groups in the epoxy-based polyamine resin may be any appropriate

amounta&FRAdig 6 desréa™ brépertias of the aqdotscoating EofipbSitioh 't desirdt coating film

hysical ties. Th t of th [ is, [ ivalent, preferably 100
(0000 A1 prete/tly S00-10 060 DA TELATY BrETaiaBY B0D'T0 2 600-AE Iorg AL HHE Aino o

group eguivalent is in such range, the e -based polyamine resin is agueous, to thereby, obtain the
O et B o TUar F At ot sty DA AinG fouli A) i3 used
a coating,film excellent in low:temperature, curability an, be obtained. Wher the.aning;group
equivalent of the epoxy-based polyamine resin is less than 100, water resistance of a coating film to
be obtained-may.redyee -Meapwhile, whep the, apine growp equivalent exeeeds:3,0004the,
epoxy-based polyamine resin may not be dispersed in water to cause phase separation, which makes
it impossiklgd0.canvert thesceating-eprapogition dia apyagueusNPRdd06#BLdcomposition. It
should be noted that the expressiomin group equivalent” as used herein is represented by a molecular
weight of.a regin solidcconteat per primaty aminoogrofiprindhie caseavhereithe epaxy:hasedpolyamine
resin has the primary amino groups (including the case where the epoxy-based polyamine resin has
the primary aminecgroups @nd-secondapramito.groupss | or iSrepreserited bycanmobeculaiByeight of a
resin solid content per secondary amino group in the case where the epoxy-based polyamine resin
has no primary SRR6XFBEE. TRE anfito §roup efuivakht bEthefepogrbasedpolyamine fesih can be
determined from the blending amounts of raw materials. [0042]For example, the aqueous epoxy-based
polyamitfdf&gin A may?he 8BtainedIRAcorverting the epoky-Dased polyirfing ré&h . .,diepoxyresi
obtainedbyamine-modification) into anaqueous resin by neutralization of the amino groups in the
epoxy-B&SEd FOIyaMne FesirWith an'adid. The kind of the acid and a
neutralizationratio(neutralizationratiowithrespe t otheamino groups in the epoxy-based polyamine resin
before conversion into an aqueous resin) may be any appropriate kind of acid and neutralization ratio
dependjng pp & desired gfate of e, aquequs, epaxy-basgdedyamineresd Wheeerapry a
(water-solubletowater-dispersible form) . Examples of the acid include acetic acid, formic acid, lactic
acid, anq;phespharicagid ; The peutralizationyatig(peutralization ratio with respsetto the amino
groups in the epoxy-based polyam e resin before conversion into an aqueous resin) NPP11067PCT
Is preferably10%de H00%: miore pieterably 110%d0a7 0%y padiciiarhy preferably 1h% te 5% When
the neutralization ratio is less than 10%, the resin may not be dispersed in ater to cause phase
separationr, tvhich maake s ddmnpossifle doreanyerbtheicoating eampositan nte: arhaguequs ape.
Meanwhile, when the neutralization ratio is adjusted to 70 less, a water-dispersible aqueous
epoxy-based/polyamihe rasim A eam beiobtaied. §004 3]Thecmoliecalarareight (mumbler average) of
the aqueous epoxy-based polyamine resin (A) may be any appropriate molecular weight depending on
desired-properits dfthe adiliesus E6atini e6mposHith BiodesietP Eaatirgy filhs physSikad prépeérties. The
molecular weight is preferably 500 to 20,000, more preferably 1,000 to 10,030 in terms of standard
polystyFétie FeEaBG2-C el by Get pefmeatidhcHiomaiBgraphy (BP0 ASABHG a8 the fdlectfar weight
of the aqueous epoxy-based olyamine resin (A) is in such range, the aqueous epoxy-based polyam
esi (A) can react efficiently with the compound (3) because the resin can be mixed easily with the e
compound. In addition, as long as themolecular vvgéight of the aqueous epoxy-based polyamine resin
(A) is in such range, a coating film excellent in corrosion resistance, water resistance, and adhesive
property can be obtained. [0044]The aqueous coating composition may include two or more kinds of
the aqueous epoxy-based polyamine resins (A). NPP11067PCT [0045]The aqueous coating

comnocitinn nreafarahhv inchiidee ac the adrieniic ennvyv-baced naolvvamine rand nethe adrianiic



coating film physical properties can be controlled by the molecular weight of the aqueous epoxy-based
polyamine resin (A) and the amount of the amino groups therein. [0047]A-3. Compound (B) The
compound (B) used in the aqueous coating composition has one or more (melldtHOgi7drolps in a
molecule. [0048]The molecular weight of the compound (B) is preferably NPP11067PCT 150 Of 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 longasthemolecularweightofthe compound (B) is in such range, the aqueous

epoxy- Rolyaine resin (A),and the compeund (B), can be gasily. i&é?é’ﬂ@%“ék%‘%@ﬁ'r?éépeda'

mixing device, to thereby obtain an aqueous coating composition excellent in dispers4bility. As a

result, the agueous epoxy-hased;polyamipe tesin (A) and-the.compaund (B) can Leact with, gach other
efficiently, to-Therebyobtain an aqueous coating composition excellent in curability. It should be noted
that thegpelegulas weight of theicompeund (B) cambercaiculatgdfram its chemical farmua-[0049]The
number of the (meth)-cryloyl groups in the compound (B) islormbre, preferably2 to 4. The number of
the (meth)acndayi groupsi in the gompoundi(D) 1gay be cletermined depending on desired coating film
physical properties. [0050]The viscosity of the compound (B) at 25C is preferably 3,000 mPa.s or less,
more preferably 50 to 3,000 mPa.s, particularly preferably 50 to 2,200 mPa.s, most preferably 50 to
1,100 mPa.s. As long as the viscosity of the compound (3) is in such range, the aqueous epoxy-based
polyaminéfresin (A) andBtecconipountdd BY daireiedeasilys mixedhvitisia Usipg eespeal afixing device,
to thereby obtain an aqueous coating composition excellent in dispersibility. As a result, the aqueous
epoxy-@e&%yéﬁ%@?é@?ﬁ’@@)daﬁ@fhe NP2 E06TPCT CORMPSt FE e Fa ithvedth other

efficiently, to thereby obtain an agqueous coating composition excellent in curabhility. [0051]Examples of

the compStd(®) indiuB8=Palymefizable’ dnsattrafed MEnotBsoRYiic dtid esterebmpands of
polyhydric.alcohols sur-h as.ethylene glycol diacrylate, ethylene glycol dimethacrylate, triethylene g
A el stk ootk icRos b S A et
dimethacryl - e IyO ' ate, 1,3- len imethacryl Eti 1yloloropane
triacryl%%, tc?l'JC r%é%ﬁ%l%iﬁ%pgﬁeg trcl'C rﬁé&u@gry ath; %,4-%%%& |§%§é§/&%/l,§%%§%g§% Prén%’thacrylate,

neopenty glyeol clanaies eopsnt ysddinethachiiatechBieaneiol iecylate. 1 g-exanediol

dimethacrylate, pentaerythritol diacry ate, pentaerythritol dimethacrylate, pentaerythritol triacrylate,

pentaewythritektrimetha.crylate spentageshritol datraneryates peptagrykprtol tetramethagrylate, glycerol

diacrylate,glyceroldimethacrylate,glycerolacroxy
dimethaerylate, 1, 4 \1-trishysoxy methylethanediacrylates 1, A-trishydrexyimethylethanedicethacrylate,
1,1,1-trisnydroxyme ylethane , triacrylate, 1,1,1-trishydroxymetnyletha etrinethacrylare,
1,1,1-trishydroxyarethyipropanediacrykate, and A), 1 Artiishydra ymethylprof@anecdim éthacrydate; adducts
between epoxy group-containirg, ethylen cally unsaturated monomers and NPP11.067PCT carboxyl
group-cohtaining, wthylenicalbemsaturatedmeondfierssucht asta eesdtivr prodiict betaeen ghyidyl
acrylate or glyc dyl methacrylate and acrylic acid, methacrylic acid, crotonic acid, or maleic acid; and
po|ymeﬁ%mé%sﬁﬁma@alrﬁéﬁ@ca%@ﬁﬁ/ié%m amideicoRpéurislofipolydifinesBaer &s ©f
ethylenediamine diacrylate. Those compounds may be used alone or in combination. [0052]As

describeb SBBVESthe CoARBENG (IS prafskibly -y amine resin () and the compound

(B) to react with each other efficiently.

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

glycol monobutyl ether and diethylene glycol monobutyl ether.

[0013] A nonionic emulsifier or an anionic emulsifier, for

example, 1s used as the emulsifier to used when the emulsifier is



capable of being easily mixed with (capable of reacting with) the aqueous epoxy-based polyamine
resin (A). It is more preferred that the aqueous epoxy-based polyamine resin (A) and the compound
(B) be used in an inhomogeneous state in such a range that the resin and comJOhtOsaP6Eleasily
mixed (can react with each other). It is particularly preferred that the compound (B) and the aqueous
epoxy-based polyamine resin (A) be used in different phase states. In such states, a rapid reaction
progress of the aqueous epoxy-based polyamine resin (A) and the compound (B) can be inhibited to
approprately.adiystthe reagtiviy. More spegifica hen the agugous, epaxy-hased.qalyanjing.resin (A)
and the compound (B) are in an inhomogeneous state, the aqueous coating composition before
application; bas geqd stahility-andapplicationroperty because hoth the.compopgnts are hawlly
brought into contact with each other, resulting in inhibiti the reaction at ordinary temperature. On the
other hand; iafter applicatiap; a glispersion-mediuab(such as water) volatizes to make.dtrasy 40 bring
the aqueous epoxy-based NIT11067PCT polyamine resin (A) into contact with the compound (B), and
the curing reacticrncproteeds everyat lpiwatempetatire; 1o thetrelxformhy teatingsfilpn: &xamples
thereofinclude-: a case where the compound (B) is a water-soluble compound and the aqueous
epoxy-lrasadygolyarine resin ¢A) iscaivater-dispessiblékesincahet a,case wheye e tbmpeusd (B) is
self-emulsifying or is water-insoluble. [00 53.As a method of providing the innomogeneous state, any
appropR&eRstdEGREY BeemployédriepeRtihg 6f the diB’BRitibAprépéity of telcempeaind (2) in
water. For example, in the case where the compound (B) is water-soluble, the compound (B) may be
used- tEX2MHGT Af modifftation L nfristase tHEdqtRotsEoRy basst pagamfiierasnt @) is
preferably a water-dispersible resin. On the other hand, in the case where the compound (B) is
S omBIRRG. e COTMEA 8] Aoy B Gt bt 21y Fradint At 6f HEgohe SR or

dispersed in water with an emulsifier, .a,dispersant, or an aqueous resin before use. In the case where
the CorsOUl (5715 e HaaTcbles s SomeB i B) oy EomianGd o Aepardad S e
inwatenyibanem.uisifiers & lspersant. p-an aueoys Tesinbefolg use In sueBcancs: e faun of the
agqueous epoxy-based polyamine resin (A) may be water-solubleer-dispersible, and is preferably
water-disparsible.lt showld be nated that a.determinatiop ot whetherthe.compound {B)ise 2
"water-insoluble," "water-soluble," or "self-emulsifying" can be made by: adding 5 g of the compound
(B) to 19010,elwater at seam temperaturei stirring NRRELO6/PCT the mixtuie (€.0: sfoe 3 minutes);
allowing the mixture to stand still (e.g., for 5mi t s) and then observing its state visually. After allowing
the mixturetto stanrd-stil, ifithe-mixture goniaine a,precipitate,dhe compoumnd is fudgeditoche-+
"water-insoluble," if the mixture contains no precipitate and is clear, the compound is judged to be
"water-sdlubleyzand éfthe mixture cohtains aorprécipitatecant isaprbidythe cofipeund sjudded to be
"self-emulsifying." [0054]The compound (B) maybe converted into awater-soluble or self-emulsifying
compoUiie foRexample A5y modiyingtheicempouidamitty polfysmyiene uxideandlincreasing the
ethylene oxide addition mole number to enhance its hydrophilicity. [0055]Examples of the compound
(B) thatlis witerHs6lubre iRAGEE etioxyrated  bispRerct ZEdidbRfste YED 30BN L &tk lated
trimethylol$ropane, triacrylate(EO 20 mol),ethoxylated trimethylolpropane triacrylate 30 ), ethoxylated

pentae BFtetrhaRrylate {ED "S5 ROl etheRylated iy Eern tkcryldfe (E0°26 righ land éthoxylated
bisphenol@%i}r_‘r}qg%crygat%é%% 38€tco)%lg. Thegnma%/ q[?eused glonoe ortiné;om in%%on. It should be
noted tﬁgﬁ, or example, the expression 'EG 30mol~ 4s Used herSin means that 3 eethf/\lernlen&ide
groups gre contained in a molecule. [0056]Examples of the compound (B) that is self-emulsifying
NPP11067PCT includepolyethyleneglycol#400diacrylate (EO 9mol) , polyethylene glycol #600
diacrylate (EO 14 mol), polyethylene glycol #1000 diacrylate (EO 23 mol), ernoxyrared bisphenol A
diacrylate (ED 10 mol), ethoxylated bisphenol A diacrylate (EO 20 mol), ethoxylated glycerin triacrylate
CEO 9 maf), and polyethyleneiglycel#10Q0 ginsgthactylate ( EQ:-2 3, 180h I hey:maynbe usgd alone or
in combination. [0057]Examples of the compound (B) that is water-insoluble include polyethylene
glycol #20f-glyeal d@rylate EG danebcethaxylateddisphenal Adiadrytate (EQ 8 molyesin
ethoxylatedbisphenol A d acrylate (EC 4 mol), propoxylated bisphenol A diacrylate (PO 3 mol),
1,10-detanédiot diacrylate - tricyeindecanedimethanekdidarylate; rethexylated 2 4héthyl4, 1-prepanediol
diacrylate CEO 2 mol), neopentyl glycol diacrylate, 1,6-hexanediol diacrylate,
1,9-norEhediivldiaéfate Hipropslepegiyesldic late (RO2mMalY, tHpropyleriglyenl didcrlate (PO 3
mol), polypropylene glycol #400 dHacrylate (PO 7 =1), polypropylene glycol #700 diacrylate
(PO12mMBBP ethokyRatatAmathyipRFarctiiachylaté (E0BHal) efoxyatet fRfetiolpropane
triacrylate (ED 9 mol), trimethylolpropane triacrylate, propoxylated tri.methylolpropane triacrylate (PO 3
mol), pentaerythritol triacry late, ethoxylated pentaerythritol tetraacrylate (EC 4 mol),
ditrimethyliapropane tetraacrylate, propoxylated p%ntaerythritol tetraacrylate (PO 4
mol),propoxylatedbisphenolAdiacrylate (PO4mol) ,ethyleneglycol dimethacrylate (EO 1 mol),
diethylene Glycol dimethacrylate (EO 2mol), triethyleneglycoldimethacrylate (EC)tetraet,ylene glycol

dimethacrylate (ED 4 mol), polyethylene glycol #400 dimethacrylate (EO 9 mo , polyethylene glycol
HANDOO dimeteacrviate (EO 14 moll 1 2-hiitaneadinl dimetharrviate 1 A-hiitaneadial dimethacrviate



NPP11067PCT compound (B) is used, the water-insoluble compound (B) can be easily introduced into
a reaction system by the water-soluble compound (B) , and hence a coating film excellent in
-temperature curability can be obtained.. Examples of the water-insoluble conpBBad 8y Iicllide 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

(water-so uble/water- soluble) is preferably 1/9 to 9/1, more preferably 2/8 to 8/2. [0059;A-4. Method
for coating.v th aguequs ¢0ating composition, AR apRrapriate substate mayhe goated with the
agueous cca-t ng composition. Examples of the substrate include metal, wood, plastics, rubber, stone,
slate, concrete, mortar, fiber, paper, glass, ceramics, porcelain, a film, and comp. lexes thereof.
Further, for example, when the substrate is an inorganic substrate such as slate or concrete, a sealer
may befapplied onto a surtace of thersubistrate iadvance pbhe,/aguee s ¢oaliNgnCoOMPesikamis
preferably applied to meta consideration of its characteristics. Examples of the metal include iron,
copper, (tin, zimc,taduminum, andstadidlessrsteelt [G06Q) Exdmpiaslof an object todbescoatedhaving
metal on its surfaces (outer and inner surfaces) include architectural structures, ships, vehicles (e.qg. ,
railway wehictes: targe Mehielel) | radrersft, " NP1 144 96ZPC TLbridges, trmadne structliresplants, tanks
(e.g., petroleumtanks), pipes, steel tubes, and cast iron tubes. The method of form coating film
accordifi té fife present mvenfion iapplitabreltolarehitectural structures and civil engineering
structures as well as the foregoing. [0061]As the coating method, there is typically given a method
involving applying the aqueous coating composition onto an object to be coated, followed by drying. As
an application method, appropriate method may be adopted depending on the kind oftg object to
be coatLg’%éEBstrate) aﬁg%hg CER%. xar%r?plécs %e?go%ﬁ%ﬁﬂ%e (;S pli%: ti%ﬁeb%%rﬁggn o%natb?u , aroller,
an alr spray. n airless saray. a rowel. o the Me. and immersion.[00G2IThe application mqunt of the
aqueous coatihg :posi%on may & Set to any appropriate app ication amount depending on intended
use. The applicationamount @%rg&esragtyajtq;p&%%géggg.i[gggg]AS the drying method, any
appropriate method may be adopted. Air drying or heat drying is preferred. In the case of the air
drying, a drying time is preferably 2 hours or more, more preferably 24 hours or more, particularly
mreferablyl week or more. According to the method of forming a coating film according to the present
inventior dt1is possible o fergua-eoating filrexsellertnNPRIEKIGTRGT, nbgarrg sinipresistanse even
when the drying is performed at low temperature (for example, 5C or less). [0064]The coating film to
be formeghtheaugh teatingiwithethe aquepusigoatingrcomposition dasa/thicknesooflprefetralaly 20 to
150 um, more preferably 30 to 120 pm in terms of thickness of a dried coating film. When the
thickness of thel #vied coatihg ditm ys noredhanl berpin,ca probiem sach asithe ®ecurreénde of dripping
may occur at the time of the formation of the coating film. [0065]The coating film to be obtained by
using tHe aquUBBES dVatiRG EORTpOSiticn Hag eXcelléht TBrdsiof ¥Esistahte Cahdthe use 6f6rly the
coating film is sufficient for a part not requiri weatherability, such as an inner surface of a bridge girder.
[0066]B:Méthdd of foffing THUIRYBFEGH NGl T 2P - Addifién & ating 5 &y Bé fdithed
before and/or after, the formation of a coating film through coating with the aqueous_coatin
compoSifioR 1 afh embBaient. after coltiig with ﬁ?eugé{&&oﬁj%tc%ﬁﬁ& COMPOSitof has E%é%
performe(ﬂlté)sforrg, a rc(())at{_izr%% 4_1J£.matrg:e0%%altliqn fyrinlis cogt%d ng @atggecgatigg rr%%tgﬂ%l eto form a top
coatingalayer. The fbrmation of the top coating fayer addi ionaﬁzy Improves outer appearance, corrosion
resistance, and water-resistant adhesive property. [0067]Any appropriate coating material may be
adopted as the tap coating material. Examples thereof include an epoxy/amine-based coating material,
a two-component urethane curing tyre coating Matsrial, &iqnescompenant urethang curing type
coating material, a carbodiim de curing type coating material, an acrylic resin-based coatinnmateria
an.alkyd rgsiarbasedieeatingmatgraiand aisilicondesip-hasedigoating matesials coating
Thetopcoatingmaterial may be a solvent type or an aqueous one, and is preferably an aqueous , one
becausearpervitontmentad drodch may=be: reducech Ihetopcoating fmateriakis more-peefarably an
agueous two-component urethane curing type coating material, an aqueous one-component urethane
curing typércoatingshatetial, anrabjuests silicon fesinebasedcbating: matetiat, Oran @gaeous c
rbodiimide curing type coating material. When he top co.atingmaterial is any of such aqueous
coatingRvatenals Lthelrestkant @ating il APkds: exdellent Wealtidrabiliyyand eahachidvipretection of
good appearance for a long period of time, [0068]The top coating layer is typically formed by applying
the top ToRfiRg-MatRHEPERd drfiRE ttHermafly ﬁéﬁiﬁ@)ﬁﬁ@?ﬁﬁ%rizﬂ?ﬂ§éﬁ%%bﬁc%ﬁd??ﬁf&%, any
appropriate method may be adopted depending on the kind of the top coating material and the like.
Examples thereof include application by means of a brush, a roller, an air spray, an airless spray, a
trowel, or the like, and immersion. 7



[0069]The application amount of the top coating material may NPP11067PCT be set to any
appropriate application amount depending on the kind of the coating material, purposes of coating,
and the like. The application amount is preferably 30 to 400 g/m2. 100701A metHdHLOBIRNG (heating)
the top coating material may be any appropriate drying (heating) method depending on the kind of the
top coating material and the like. Examples thereof include air drying, forced drying, and baking.
[0071]The thickness of the top coating layer may be set to any appropriate thickness depending on the
kind of the soating material and. putheses;of caating; The thickness,is;preferably. 19 f0.150 pm.
[0072]Before the formation of a coating film with the aqueous coatino composition, the surface of the
substrate mayhe eeated with an undercoating material to form an undercoating layer. The formation of
the undercoating layer provides additionally excellent corrosion resistance and water-resistant
adhesive property, which are well applicable to a case requiring high corrosion resistance, such as a
bridge, a plant, or a tank. [0073]Any appropriate coating material maybe adopted as the undercoating
material.0ExXamples thergot includesar: organicadr incsganiezinc-tich toating:material. dMhen such
coating material NPP11067P CT containing zinc powder is used, an undercoating layer which has
extremelydigh eotrosionirgsistance cambelformede Tncatditton, the coatinganatétial haggood
workability and can form a uniform undercoating layer. Theundercoatingmater al ma.ybe a solvent type
or an agté6us onB &R isPTEfETaBly aPAdGeoud bRE bEealse anenvirbAfiientaldéad mis e
reduced. [0074]As a method of forming the undercoating layer, the same method as in the case of the
upper ¢BatiNG FHyet Mgy b&Adoptedl. THRZPplicaton arfouht bf- e’ uriderEaating matsial iy be set

to any appropriate application a=unt depending on the kind of the coating material , purposes of
b oTte

coating® Ahfl th& I “THE appliCatibh-aratint i< pretirably 8o 1°360 T2 THeYthi

undercoating, layer,may,be set to any appropriate thickness. depending on the kind of the coating
o PO ORaS of At Ao TR e (Hicknbo i arBI SR 20 16 200 pr 106 S]Atter the
formatign of a,coating film through coating{ with the aqueous coating composition, the coating film may
be coated with an intermediate coating material to form an intermediate coating layer. The formation of
the intermediate coating layer may provide a coating film additionally excellent in corrosion resistance
and water-resistant adhesive property. The top coating layer is preferably formed or the intermediate
coating[layers (00761 Any appropdate ceatingmaterialinay be adoptedras theintermediate, eoating
material.Examples thereof include an epoxy/amine-based coatinamaterial,atwo-componenturethane
curing type«coating-aateriak and@sane-combaneat urethanecutingstype eoatngmaieriakolhe
intermediate coating material may be a solvent type OT an aqueous one, and is preferably an aqueous
one beéause ahenyirorimentad load poay be aedyced.tthélatermédiate coatingmateriallismsore
preferably an aqueous epoxy/amine-based coating material or an aqueous two-oomponenb urethane
curing /pecvating materials Skeh aguesls €Batindg hfatéddican foifm Bhmultiar oatiid filtn which
has good adhesiveness to the top coating layer and is strong. [0077]As a method of forming the
intermétfiafe™Goatirgayér, R dafnd fethdd as %R the tasd Bf i lippeFehatiffRayel ayitse

adopted. The aEpIica,tion amount of the intermediate coating material may be set to any appropriate

applicatioh @ HePBridhtg 6 tha Kind o tHe EGating RiEtéRAIC furposBs Gievhting, andthe
The apggcatigg Qg}[oiuonrtgstgrefer_?@y Zg to 1480 gémZ. The dthit n sstcHc Eghe intermetdiaxtf% E%?nléing layer

may be Set to any approprlateth|ckne§sggpend|ngoﬁfﬁ%ﬁ<md of the coatin%lrﬁgteerrlial, purposes of

coating, and the Jike. ; The thickhess, is preferably-10.10.500 pm, J007 %E%.ﬁ%&%%%ﬂ%@ﬁ?" the

intermediate coating NPP11067PCT material and the undercoating material may each contain a

pigmentanadditiye, and;the,ii Examplgs ofthe pig and the additive inclyde;the pigments and

additives described in th bove-ment oned section A-1 . The number, kinds,
andamountsofpigmentsandadditives to be added may be selected as appropriate depending on
purposes. Examples

[0021] The agueous coating composition may include water, a

solvent, or an additive. Specific examples of the solvent include:
glycol-based solvents such as ethylene glycol, propylene glycol,

ethylene glycol monobutyl ether, propylene glycol monobutyl ether,

10



[0079]Hereinafter, the present invention is described in more 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 "1" in the examples are on a mass basis. Further, evaluations ifNRE& ékempésivere
carried out for the following items. [0080](Corrosion resistance) The resultant coating film was
subjected to a cyclic corrosion test defined in JIS K 5600 7-7, and the state of the coating film after 120
cycles was evaluated based on the following criteria. Ratio of area of rust generated on the
coating fil-tg fhe areaiaf the ,reéyg%@%@ﬂg fim,Askess than 9:05% %1%9@%@{6@{&%?‘9 less
than 0.1% (:nitial rain resistance) A coating film was immersed together with a substrate in water
NPP1106¥RET atixdifiedaun afieradapseob2dhourss and.alloyved toistand st e o1 24 hours, and
the outer appearance of the coating filmwasthenvisually observed and evaluated based on the
followingeriteria. AATNe abaewnality in edterrappearance observedene, AsSlightschangesin burnish
and color observed but no mark of crack or swelling observed C: Mark of crack or swelling observed
(Water-tesistant adhésive prapetty) ve s s coatingfiymmwas: immmersedstodethel withtan ohjett coated
therewith in water at 20C and lifted up after a lapse of 7 days, and then in accordance with a cross-cut
methodr6f JISTKBB0815.6 (200BY, 'BX5 sudtes exthaneRsdw#ty miL3 it were forfgd orthe coating
film. A pressure-sensitive adhesive tape was attached to a surface thereof and then rapidly peeled off,
and evaluatidn WasTerformet baged otk fofiowiing erite AL t ¥ L AiPp oitis NG peBfeSdiiare and

no peeling along the out(ﬁfﬂart observed (peeling area: 0%) 8 points: No peeling of the squares but

slight pe€ling glong the dUt part Gisered (peeling@rédmore tha' 896 and less than 596) ' © 6
points ar lgss: Some peeled squares or significant peeling along the cut part observed (peeling area:
5o or o [S0B A ctoh o et et o GG S aaR L= (PR Crn i
Productign of gaueous enoxy-hased polyaming resin. s | 702 parts of A raw matgtialresin having an
epoxy eql?lvalent of 188%3}equivélent, W%I/elih was synthesllzecf from%%srﬁ%no%% z;%d een'ich orohydrin,
269 pagts of bisphenoLA, 108 parts.of & diner.acid, apd 190 parts,of methyl ispbuty] ketone
(hereinafter, referred to as "MIBK") were fed toa reactor equippedwitha stirrer, a cooler, a nitrogen
injection fybe,andha theymemeters ang the Mmixtuce was alloweddo react gy d17Cdn the-presence of 1
part of benzyldimethylamine until the epoxy equivalent reached 1,079 g/equivalent, to thereby obtain
an epoxy resin.iAfterthat 255mpartsef, a ketiniheconaaiind, obaminoethyera olami £473amass% MIBK
solution) were added thereto, and the mixture was allowed to react at 117C for 1 hour. Subsequently,
the mixtlreoras diduted svith, MESKlurtila aonvolatilescontentof<5% ivas achmved, todbheéraby obtain an
epoxy-based polyamine resin having an amino group equivalent of 1,184. Acetic acid was added
theretosoihas a Wedlralizativrdratio { ieutralizaticnetio obtheresin ased orr amiws gitoups) of 35.0%
was achieved, and the mixture was diluted with ion-exchange water. After that, a mixture of MISK and
water Was fimovE& et $8ducad pressireuntich SolitPchrte MOPL0 ATasSYAVRSECHiIBPE: to
thereby prepare a milky e aqueous (water-dispersible) epoxy-based NPP11067PCT polyamine resin
(A)1. [0095(Prodtcfiofi ESRMPIED)Brddiction df aglicons Epdxybaskd PotyarfinBresihidayit 742
parts of the raw material resin having an epoxy equivalent of 188 g/equivalent, which was synthesized
from biSETie 7R s Eglcbrohyrt 336 DR oF BICEERD AL bt 150 Barts o MR AERE fod to o
reactor equipped with a stirrer, a cooler, a nitr injection tube, and a thermameter, and the mixture
s Al e T e B or Lo SR er T R e

equivalent reached, 1,079 feguivalent, to thereby ghtain an epoxy fesin. Afterthat; 350 parts,of a

ketimine compound of diethylenetriamine (73 mass% MIBK solution) were added thereto, and the

mixture;was-a owgddgueactat 1hCare 1-hourn Subseduently, <27, parts ofdar-exehange water and
188 parts of glycidyl neodecancate (manufactured by Hexion Specialty Chemicals, Inc., trade name

"Carduta, EE:RY ) wete ded fheretadanddbenmixbielwas atlowed toreactat 100G for 2diaus. After
that, the mixture was diluted withMIBKuntil a nonvolatile content of 75% was achieved, to thereby
obtain an@ppoxyhased pslyardre resin havingsamn.amino group equivalent of 1,093. 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.

[0022] The aqueous coating composition may include an

alkoxysilane compound as an additive. The aqueous coating

11



Afterat, 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) Il. 10083](Prouction Example 3)Production of aqueous epB3Phad&y palii-amine
resin (A) 1l 325 parts of the raw material resin having an epoxy equivalent of 188 g/equivalent,
which was synthesized from bisphencl A and epichlorohycirin, 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
thermometerbancétlhoenmixtu e was aLjL%vge(ajth react ,%Ehll?C in the presence of 1 part 0

f. .
benzyldlr%g%hy?lémlne untir the epo%<y equwaléﬁﬁgéc ted 7§8m998(111uwafean?, 0 %%r%bci/ooabﬁalirﬁgan epoxy

resin. After that, 350 patts of a Ketimioe compound,of diethylenetrigmine (Z3 mass% MIBK solution)
were added thereto, and the mixture was allowed to réact at 117C for 1 hour . Subsequently, 27 parts
of ion-exchange water and 188 parts of glyciciyl neodecanoate (manufactured by Flexion Specialty
Chemicals, Inc., trade name "Cardura E10-P") were fed thereto, and the mixture was allowed to react
at 100C(for 23hours. Aftepthat, the mixdure was dilutedawit MIBK1unté a aepvolatile centeatof 75%
was achieved, to thereby obtain an epoxy-based polyamine resin having an amino group equivalent of
810. NPP31067ECXyal kAceti¢c atikbwas atlded thereto so that a neutralization ratio (neutralization
ratio of the resin based on amino groups) of 20.0% was achieved, and the mixture was dilated with
ion-exchiandey waterx aftepthat tar mmikttre sty MIBKand water was removed under reduced pressure
until a solid content of 40 mass% was achieved, to thereby prepare a milky white aqueous
(water-dis8y¢’ § 16 epaxypased pelyantiesesa @111, [9084(Production Example LUProdiiétion of
aqueous epoxy-based polyami e resin (A)IV 1, 94 0 parts of the raw material resin having an
epoxy eqUVaIEHt T 188 GIBGHValeHE SYRicH Was Syttriesized from bisphenol A and epichlorohy rin,
1,060 parts of Pisohenol)A, ang 550 parts of MIBK were fed to a reactor equipped with a stirrer, a
cooler, é_n“’i&f%éléjr? Wé%:\fi h'tdb ,ké’ﬁ%}%% &miometer, and the mixtdre Was allowed to react &£117C in

the presence.of 8 parts of benzyldimethylamine Hgtil the §Q<QXé1§guiv?LeP{ r%acheg 3,000 g/eeguivalent,
to there%y obtain an gB’oxy resin. After %haﬁ, 550 partg of 4 Ketimine %ompo%napo? d%/e%ﬁy enetfiamine

(73 massys MIBK selution), were added thereto, apd the mixi.gc flowed to react g, 117 'C tg ihour.
Subsequently, 1,060 parts of dipropylene glycol monohutyl ether (hereinafter, referred to as "DPnB")

were fegtheteto,1and theimixture was allwed, to.keact at L00C for 2 hours. After that, the mixture was
diluted withMIBK until a nonvolatile content of 75% was achieved, to thereby obtain an epoxy-based

polyamineyiesinhaving anaminegroup iNPRA 106 ZRG T equivalent of 1,550. Acetic acigiwas
added thereto so that a neutralization ratio (neutralization ratio of the resin based on amino groups) of
40.0% waslachieved-and theomixtyrecwas dilpted it meexcltange wates cAftes dhat, anmixture of
MIBK and water was removed under reduced pressure until a solid content of 40 mass% was
achieved; totheiekytprepare Bhmilkyewlitersuedas (wateb-tlispetsibile)repbxyhased polyantine resin
(A)IV. [0085](Production Examples S to 7) Production of aqueous epoxy-based polyamine resins (A)V
to VI hyderiebasepsigLhasedporantinar@singyA)¢oVIl were prepared in the same manner as in
Product], ' ample 2 except that he neutralization ratio was chanced as shown in Table | below.
[0086](Production Example 8)Production of aqueous epoxy-based polyamine resin (A)VIII ,
440parta of the raw material resin having an epoxy equivalent of 188 g/equivalent, which was

synthesiZed from bisph8H&TA SR epichic8Rydiin <760 BEAS Bf bispheRGIO& PAHE 388  partd 6f MIBK

were fed to .a reactor e gipgedbviith &;tirrer a cooler, a nitro ((e)r?%iggegtigrﬂ tuBe and a thermometer,

and thecr%?x%gr%twég ifowed fo react 1t1078 Fﬁatﬁaﬁdre%%ﬁg parts of bénzy dcfmefﬁéf/rsasmﬁine until

the epaxy aquivalent reached2,200 gleguivalent, to therehy. NPP11067BGT obtain an.enoxy resin.
After that, 350 parts of a ketimine compound of diethylenetriamine (73 mass% MIBK solutionl were
added sanrd the mixture was allowed to react at 117C for 1 hour. After having been a2.lowed to
react at 100C 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 {lie pesin based mrzamgugroups eaf40/0%was apbieyed, ard thesmixture)was diluted with
ion-exchange water. After that, a mixture of MIBK and water was removed under reduced press e until
a solid content 6h40 neass% was actiéved; to thereby prepare a milkydgiite adueeousiueous

(water-dispersible) epoxy-based polyamine resin (A)VIII. Production Example 8 ITTA O
epoxy—-based polyamine resin (A) having one or more primary amino

12



T,,,0:0Dtclcoell 111 ocz'z67-wlgTE7 | ads-fp-as-1nm OC 111 Milky white Production

Example 7 TTAN -- LO er;
NPP11067PCT

groups and/or secondary amino groups in a molecule. The agueous
coating composition including such resin as a binder can form a
coating filmexcellent in corrosion resistance. It shouldbe noted
that the concept of "aqueous" as used herein comprehends

"water-soluble" and "water-dispersible."

[0026] The aqueous epoxy-based polyamine resin (A) is
preferably water-dispersible. When a water-dispersible aqueocus
epoxy-based polyamine resin (A) is used, a coating film excellent
in water resistance can be formed. In addition, in the case where
the agqueous epoxy-based polyamine resin (A) is water-dispersible,
the resin can be easily mixed with the compound (B). Further, a
rapid reaction progress of the aqueous epoxy-based polyamine resin
(A) and the compound (B) can be inhibited to appropriately adjust
the reactivity, thereby obtaining an aqueous coating composition
with a long service life. More specifically, in the case where the
agueous epoxy-based polyamine resin (A) 1s water-dispersible, in
the aqueous coating composition before application, the reaction
hardly proceeds even at ordinary temperature, which provides good
stability and application property, because the aqueous epoxy~based
polyamine resin (A) is hardly brought into contact with the compound
(B). Ontheother hand, after application, adispersionmedium (such
as water) volatilizes to facilitate the contact between the agqueous
epoxy-based polyamine resin (A) and the compound (B). Therefore,

the curing reaction proceeds even at low temperature, to thereby

13
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allow a coating film to be formed.

[0027] 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 aqueous, the epoxy-based
polyamineresinmaybeconvertedintoanagqueousresinby, forexample,
neutralization of an amino group with an acid, to thereby obtain

the aqueous epoxy-based polyamine resin (A).

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

a bilsphenol A-type epoxy resin.

[0029] The epoxy equivalent 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 eguivalent
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
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

14
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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 1s formed. When
the coating film is poor in initial rain resistance, the coating
filmmay break or swell by exposure torainbefore the appliedcoating
film cures completely. The aqueous 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.

[0030] 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, 1t 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
epoxy resin (al) is more preferably 600 to 1,400, particularly

preferably 800 to 1,300.

15
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[0031] In another embodiment, the epoxy resin is an epoxy resin
(aZ2) having an epoxy equivalent of 2,000 to 3,200. When an agqueous
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.

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

may be used in combination.

[0033] As the epoxy resin, there may be used one subjected to
chain elongation through utilization of a reaction of an active
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 includeabifunctional compoundsuchasadimeracid, diamine,

or polyether polyol.

[0034] 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
of epoxy groups to be reduced, thereby reducing sites to be

amine-modified to lower a reactivity, for example.
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[0035] 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~ccntaining 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 resinmay be a resin
obtained by a reaction of part of the primary amino groups, secondary
amino groups, and/or hydroxyl groups in the epoxy-based polyamine
resin with a compound having 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 acompoundhavingsuch functional group, is incorporated
as part of the aqueous epoxy-based polyamine resin (A) to be used,

physical properties of the resultant coating film can be adjusted.

[0036] 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
group-centalning polyamine with an epoxy group in the epoxy resin
to form a secondary amino group, resulting in producing the

epoxy-based polyamine resin having the secondary amino group.
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[0037] Examples of the primary amino group-containing
polyamine include diethylenetriamine, dipropylenetriamine,
dibutylenetriamine, and triethylenetetramine. They may be used

alone or in combination.

[0038] The method involving adding a ketiminated amino
group-contalning compound to the epoxyresinis specificallyamethod
involving allowing the ketiminated amino group-containing compound
and the epoxy resin to react with each other and then hydrolyzing
a ketimine group to forma primary amino group, resulting in producing
the epoxy-based polyamine resin having a primary amino group. It
should be noted that when the ketiminated amino-group containing
compound and the epoxy resin are allowed to react with each other,
a secondary amine such as diethanolamine, methylethanolamine, or

diethylamine may coexist.

[0039] 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
triethylenetetramine; aminoethylethanolamine;
methylaminopropylamine; andethylamincethylamine. Theymaybeused

aloneor incombination. Examplesof the ketone includemethyl ethyl
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ketone, acetone, and methyl isobutyl ketone.

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

an isocyanate group, and an acid anhydride group.

[0041] The amount of the amino groups in the epoxy-based
polyamine resin may be any appropriate amount depending on desired
properties of the agqueous coating composition or desired coating
film physical properties. The amount of the amino groups is, as
an amino group eqguivalent, preferably 100 to 3,000, more preferably
500 to 2,000, particularly preferably 800 to 2,000. As long as the
amino group egquivalent is in such range, the epoxy-based polyamine
resin is aqueous, totherebyobtain the agueous epoxy-basedpolyamine
resin (A). When the agueous epoxy-basedpolyamine resin (A) isused,
a coating film excellent in low-temperature curability can be
cbtained. 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
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
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composition. It should be noted that the expression "amino group
eguivalent" as used herein is represented by a molecular weight
of a resin solid content per primary amino group in the case where
the 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 resin hasnoprimary
aminogroup. Theaminogroupequivalentoftheepoxy-basedpolyamine

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

[0042] For example, the agueous epoxy-based polyamine resin
(A) may be obtained by converting the epoxy-based polyamine resin
{(i.e., anepoxyresinobtainedbyamine-modification) intoanagueous
resin by neutralization of the amino groups in 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 agueous resin) may be any appropriate kind of acid and
neutralization ratio depending on a desired state of the agqueous
epoxy-basedpolyamine resin (A) (water~-soluble towater~dispersible
form). Examplesof theacidincludeaceticacid, formicacid, lactic
acid, and phosphoric acid. The neutralization ratio
(neutralization ratio with respect to the amino groups in the

epoxy-basedpolyamine resinbefore conversion into an agqueous resin)
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is preferably 10% to 100%, more preferably 10% to 70%, particularly
preferably 15% to 50%. When the neutralization ratio is less than
10%, theresinmaynot bedispersedinwater tocause phase separation,
which makes 1t impossible to convert the coating composition into
anagueousone. Meanwhile, whentheneutralizationratioisadjusted
to 70% or less, a water-dispersible agueous epoxy-based polyamine

resin (A) can be obtained.

[0043] The molecular weight (number average) of the agueous
epoxy-based polyamine resin (A) may be any appropriate molecular
weight depending on desired properties of the agqueous 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 agqueous
epoxy-based polyamine resin (A) can react efficiently with the
compound (B) because the resin can bemixed easily with the compound.
Inaddition, aslongasthemolecularweight of theaqueousepoxy-based
polyamine resin (A) i1s in such range, a coating film excellent in
corrosion resistance, water resistance, and adhesive property can

be obtained.

[0044] The agquecus coating composition may include two or more

kinds of the agueous epoxy-based polyamine resins (A).
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[0045] The aqueous coating composition preferably includes,
as the agueous epoxy-based polyamine resins (A), the agueous
epoxy-based polyamine resin (Al) obtained by amine-modification
of the epoxy resin (al) having an epoxy eguivalent of 400 to 1,500
and the aqgueous epoxy-based polyamine resin (A2) obtained by
amine-modificationof theepoxyresin (a2) havinganepoxyequivalent
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 of 2,000 to 3,200 (al/a2) is preferably 8/2
to 2/8, more preferably 7/3 to 3/7. As long as the ratio is in such
range, it ispossibletoobtainanaqueouscoatingcompositioncapable
of forming a ceoating film excellent in initial rain resistance and

water-resistant adhesive property.

[0046] The properties of the agueous coating composition and
coating film physical properties can be controlled by the molecular
weight of the aqueous epoxy-based polyamine resin (A) and the amount

0f the amino groups therein.

[0047] A-3. Compound (B)
The compound (B) used in the agqueous coating composition has
one or more (meth)acryloyl groups in a molecule.

[0048] The molecular weight of the compound (B) is preferably
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[0088](Production Example 9) Production of epoxy-based polyamine resin An
epoxy-basedpolyamineresinwaspreparedin thesamernanner as in Production Example 2 except that
the neutralization ratio waschangedto5%. Theepoxy asedpolyamineresin asn®{¢ihiEdedRaid an
aqueous resin and caused phase separation in water. [0089](Production Example 10) Production of
epoxy-based polyamine resin 2,560 parts of the raw material resin having an epoxy equivalent of
188 g/equivalent, which was synthesized from bisphenol A and epichlorohydrin, 1,439 parts of
bispherio) A, gnel 108 Baris o MK wereJed [0.3 [easlor squippsd Wi A Sfirter, 8 gqoleryg gitrogen
injection tube, and a thermormeter, and the mixture was allowed to react at Tf‘;g in the presence of 5
parts ofhenzyldimethylamine,until the epaxy. eguivalenpreached 4,000, g/eguivalent, tojthereby obtain
an epoxy resin. After that, 350 parts of a ketimine compound of diethylenetriamine (73 nasal MIRE
solutior) yvere,gdded thergta,anchthe mbxtyre-was allewed toreast at 1 L7C far dhour- After having
been allowed to react at 100C for an additional 2 hours, the mixture was diluted with MIRE until a
nonvolatite centent of 76¥owas iasbievedoto thereky ebtaimanzepoxybased pelyaminesesimhaving an
amino group equivalent of 2,050. Acetic acid was added thereto so that a neutralization ratio NPP
11067RGH (reatraliZation xatid wf the resindiasgd epamird groups)oofl40 096 was adheewedy and the
mixture was diluted with ion-exchange water. After that, a mixture of MIBK and water was removed
under redticed pressareamii & solid- conteditiod 40 Mass @ was behievied dbtherebyprégdre an
epoxy-based polyamine resin. The epoxy-based polyamine resin was not converted into an agueous
resin adicf caused phase sEFarktion i vater J0090] (Froduetoir Example 11 1) Prodwctien o dase resin
liquid for coating material | 110 parts of water, 32 parts of a pigment dispersant (manufactured by
BYK-CREMR trade Rarhé Bispérbyk-180°F €4 Barts b defoafer (HrahGracttrst By BYR-Chemie,
trade name "BYK-019" 1g9 arts of calcium carbonaiu;_érqn%\nufacturegJ b¥ .I\4ARTJIQ: CALCIUM CO.,
LTD, trade hame "N Ground %aﬁgf%oéh%gnnat%xc)e, pa%trs1 Stitanium oXide (mar?lkff%h1 (Fed by Du
Pont, trade name "TI-PUR R706") , and 25 parts of a calci -%ased anti-rust pigment (manufactured
by Tohs At Rosys CoL 1. SAde Hate EXPERT No160 alb o, St e st was
stirred with a disper for: 30 minutes,.tq therehy produce a pigment-dispersed paste. 400 parts of the
agueous epoxy-based polyamine resin (A) | obtained in Production Example 24 parts of DPn3, and
1 part of an associated thickener (manufactured by ADEKA 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 ¢ gui or a coating.materialr NBR 11067 R Clck {0Q91] (BradysomExamplesd2 ia8)
Production of base resin liquids for coating material fl to VIl Base resin liquids for
acoatingmatesiahao Mtneere obtaimedd inytRetsame mMamerad prRyoductiomExorablerl exdept that
agueous epoxy-based polyamine resins (A) shown in Table 2 were used instead of the aqueous
epoxy-kasedopolyantine resingA)Id[0092][kable 2] FrdbductioreExdmipten 81 Baserresirsliguidi for

coating material
coating film physical properties.

[0050] The viscosity of the compound (B) at 25°C is preferably
3,000 mPa*s or less, more preferably 50 to 3,000 mPa-s, particularly
preferably 50 to 2,200 mPa-s, most preferably 50 to 1,100 mPa-s.
As long as the viscosity of the compound (B) is in such range, the
agueous epoxy-based polyamine resin (A) and the compound (B) can
be easily mixed without using a special mixing device, to thereby
obtain an aqueous coating composition excellent in dispersibility.

As a result, the aqueous epoxy-based polyamine resin (A) and the
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compound (B) can react witheachotherefficiently, tothereby obtain

an agueous coating composition excellent in curability.

[0051] Examples of the compound (B) include: polymerizable
unsaturated monocarboxylic acid ester compounds of polvhydric
alcohols such as ethylene glycol diacrylate, ethylene glycol
dimethacrylate, triethylene glycol diacrylate, triethylene glycol
dimethacrylate, tetraethylene glycol diacrylate, tetraethylene
glycol dimethacrylate, 1,3-butylene glycol diacrylate,
1,3-butylene glycol dimethacrylate, 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,
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-containing, ethylenically unsaturated monomers and

24



810 Production Example :1 TV (Production 3,000 Example 4) 1,550 Production Example15 V
(Production 1,079 Examole 5) 1,093 Production Example 16 .(Production VI Examole 6; 1,079 1,1;93
1Production Examoie 17 VII vi:(Prouction Examnie 7, 1,07( 1,093 Production ER&hpRSTR OT1;
Production 0,220 1Example8 1,150

carboxyl group-containing, ethylenically unsaturatedmonomers such
as a reaction product between glycidyl acrylate or glycidyl
methacrylate and acrylic acid, methacrylic acid, crotonic acid,
or maleic acid; and polymerizable unsaturated monocarboxylic acid
amide compounds of polyamines such as ethylenediamine diacrylate.

Those compounds may be used alone or in combination.

[0052] As described above, the compound (B) 1s preferably
capable of being easily mixed with (capable of reacting with) the
agueous epoxy-based polyamine resin (A). It is more preferred that
the agueous 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 agqueous 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
in an inhomogeneous state, the agqueous coating composition before
application has good stability and application property because
both the components are hardly brought into contact with each other,
resulting in inhibiting the reaction at ordinary temperature. On
the other hand, after application, a dispersion medium (such as

water) volatizes to make it easy to bring the agueocus epoxy-based
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[0093](Production Example 19) Production of curing agent | 40 parts of water, 10 parts of DPnB,
and 50 parts of polyethylene glycol #400 dimetnacrylate (EO 9 mol) (viscosity (25C) : SS ruPa s,
molecular weight: 508, number of functional groups: 2, acryloyl NPP11067PA¥Pdtbliptediivalent :
254) as the compound (B) were mixed, and the mixture was stirred using a homogenizer for 10
minutes to give a curing agent |. [0094](Production Examples 20 to 28) Production of cur agents Il to X
Curing agents Il to X containing compounds (B) were prepared accrrding to the method of Production

Examr;?oli%%@géh%gmomgs {B)} shown in, Table:3 at nggd@&{?g{g%ghq\gp ,in Jable:3,by mixing
s sh e

metho own in Table 3. It should be noted that a nonionic emulsitier (manufactured by Nippon
Nyukazah €0n,d-tee dtadenames Newsol S40n) wasiused-aspn amulsifier ineash athe ewing agents

, V, 'TILL, and IX. Table 3 shows the viscosity at 25C, molecular weight, number of functional groups,
acryloykgroufp equivalent, antqprapety (Sed-emulsityoig; aaiet-insokiblecorwater<satybte)of the
compound (3) used in each of Production Examples. The properties of the compound (B) were
evaluatéd)as $allows cAtrpomiteeperature; '5ig ofithe cempeound (B)wereadded to 196giofavater,

and the mixture was stirred for 3 minutes and allowed to stand still, followed by visual observation If
the mixtifré idoritainéd & pretiphats She E6MpoaritEwas evdldatedidhewate s elableufthe mixture
contained no precipitate and was clear, the compound was evaluated to be "water-soluble," and if the

mixture (Contaifed bipradipitatesand Wasturbid, the Tomigotmtiias evaluated to be "self-emulsifying."
Production | Example 28 , DCcc .,--., 0 ?-?C'...-. 0444 T CI:,.),70.0022T.L: 1 .0LO-: .NI1 1onN ?-
4: ..,?HD1U,2'a--2,1"'al

[0053] As a method of providing the inhomogeneous state, any
appropriate method may be employed depending on the dissolution
property of the compound (B} in water. For example, in the case
where the compound (B) is water-soluble, the compound (B) may be
usedwithout anymodification. Inthiscase, theaqueousepoxy-based
polyamine resin (A) 1s preferably a water-dispersible resin. On
theotherhand, inthecasewhere the compound (B) isself-emulsifying,
the compound (B) may be used without any modification or may be
emulsified or dispersed in water with an emulsifier, a dispersant,
or an aqueous resin before use. In the case where the compound (B)
is water-insoluble, the compound (B) may be emulsified or dispersed
inwaterwithanemulsifier, a dispersant, or an agueous resin before
use. In such cases, the form of the aqueous epoxy-based polyamine
resin (A) may be water-soluble or water-dispersible, and is
preferably water-dispersible. It should be noted that a
determination of whether the compound (B) i1s "water-insoluble,"
"water-soluble," or "self-emulsifying" can be made by: adding 5

g of the compound (B) to 100 g of water at room temperature; stirring
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the mixture (e.g., for 3 minutes); allowing the mixture to stand
still {e.g., for 5 minutes); and then observing its state visually.
After allowing the mixture to stand still, if the mixture contains
a precipitate, the compound is judged to be "water-insoluble,” if
the mixture contains no precipitate and is clear, the compound is
judged to be "water-soluble," and 1f the mixture contains no
precipitate and i1s turbid, the compound is Jjudged to be

"self-emulsifying."

[0054] The compound (B) may be converted into a water~soluble
or self-emulsifying compound, for example, bymodifying the compound
with polyethylene oxide and increasing the ethylene oxide addition

mole number to enhance i1ts hydrophilicity.

[0055] Examples of the compound (B) that is water-soluble
include ethoxylated bisphenol A diacrylate (EO 30mol), ethoxylated
trimethylolpropane triacrylate (EO 20 molj, ethoxylated
trimethylolpropane triacrylate (EO 30 mol), ethoxylated
pentaerythritol tetraacrylate (EOC 35 mol), ethoxylated glycerin
triacrylate (EO 20 mol), and ethoxylated bisphenol Adimethacrylate
(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.

[0056] Examples of the compound (B) that is self-emulsifying
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include polyethylene glycol #400 diacrylate (EO9mol), polyethylene
glycol #600 diacrylate (EO 14 mol), polyethylene glycol #1000
diacrylate (EO 23 mol), ethoxylated bisphenol A diacrylate (EOC 10
mol), ethoxylated bisphenol A diacrylate (EC 20 mol), ethoxylated
glycerin triacrylate (EC 9 mol), and polyethylene glycol #1000

dimethacrylate (EOZ3mol). Theymaybeusedaloneor incombination.

[0057] Examples of the compound (B) that i1s water-insoluble
include polyethylene glycol #200 glycol diacrylate (EO 4 molj,
ethoxylatedbisphenol Adiacrylate (EO3mol), ethoxylatedbisphenol
A diacrylate (EC 4 mol), propoxylated bisphenol A diacrylate (PO
3 mol), 1,10-decanediol diacrylate, tricyclodecanedimethanol
diacrylate, ethoxylated 2-methyl-1, 3-propanediol diacrylate (EO
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 12mol), ethoxylated trimethylolpropane triacrylate (EO 3 mol),
ethoxylated trimethylolpropane triacrylate (EO 9 mol),
trimethylolpropane triacrylate, propoxylated trimethylolpropane
triacrylate (PO 3 mol), pentaerythritol triacrylate, ethoxylated
pentaerythritol tetraacrylate (EC 4 mol), ditrimethylolpropane
tetraacrylate, propoxylated pentaerythritol tetraacrylate (PO 4
mol), propoxylatedbisphencl Adiacrylate (PC4mol), ethyleneglycol

dimethacrylate (EO 1 mol), diethylene glycol dimethacrylate (EO
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2mol), triethylene glycol dimethacrylate (EO 3mol), tetraethylene
glycol dimethacrylate (EO 4 mol), polyethylene glycol #400
dimethacrylate (EO 9 mol), polyethylene glycol #600 dimethacrylate
(EO 14 mol), 1,3-butanediol dimethacrylate, 1,4~-butanediol
dimethacrylate, 1,6-hexanediol dimethacrylate, 1,9~-nonanediol
dimethacrylate, ethoxylatedbisphenol Adimethacrylate (EC2.6mol),
ethoxylated bisphencl 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 (EO 9 mol). They may be used

alone or in combination.

[0058] The compound (B) may be used as a mixture of two or more
kinds of the compounds (B). Through such use of the compounds (B)
having different properties in combination, physical properties
of the 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-insoluble
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compound (B) is used, the water-insoluble compound (B) can be easily
introduced into a reaction system by the water-soluble compound
(B), andhenceacoatingfilmexcellent in low-temperaturecurability
can be obtained. 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.

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

Any appropriate substrate may be coated with the agueous
coatingcomposition. Examplesof thesubstrate includemetal, wood,
plastics, rubber, stone, slate, concrete, mortar, fiber, paper,
glass, ceramics, porcelain, afilm, andcomplexes thereof. Further,
for example, when the substrate is an inorganic substrate such as
slate or concrete, a sealer may be applied onto a surface of the
substrate inadvance. Theaqueouscoatingcompositionispreferably
applied tometal in consideration of its characteristics. Examples
of themetal include iron, copper, tin, zinc, aluminum, and stainless

steel.

[0060] Examples of an object to be coated having metal on its
surfaces (outerandinner surfaces) includearchitectural structures,

ships, vehicles (e.qg., railway vehicles, large vehicles), aircraft,
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---- Curing agent No. Sind Viscosity (mPa-s) Molecular weight Number of functional groups Acryloyl
group equivalent Property Blending amount: (parts) DPnB (parts) Water (parts) Emulsifier (parts)
[0096](Production Examples 29 to 47) Production of aqueous coating compostidR$ 0/ BT The
base resin liquid for a coating material obtained in Production Examples 11 to 18 and the curing
agents obtained in Production Examples 19 to 27 were mixed in blending amounts shown in Table 4,
and the mixtures were stirred for 10 minutes with a disper to give aqueous coating compositions 1 to
19. [00@7](Rraduiction, of tep-coating mmaterial and:iatermegiate coating material) (Produgtion Example
48) Production of agueous epoxy/amine-based coating material A 34.5 parts of ion-exchange
water gngddd3 pastefla sedises alkyh dichesyl ether diswtonate tmanufactured-by KaenGergokation,
trade name "PELEX SS-H") were loaded and heated in a nitrogen atmosphere to 80C. Next, a
monomes mixed solutiondbeludig, astmonomers; d4eparts of/styrene; S8spants ot 2-etidhexyl
acrylate, 22 parts of methyl methacrylate, 4 parts of ethylene glycol dimethacrylate, and 2 parts of
methaceylidhdadie,candras aschain transfersagent] 0 .5lpartof teagylimercdptan wassprepared. The
resultant monomer mixed solution had an acid value of 13 mgKOH/g. The monomer mixed solution
was adééd t&anfemaisifien dqueous solution of 1.2 parts of a sodium alkyl diphenyl ether disulfonate
(manufactured by Kao Corpcx tion, trade name "PELEX SS-H") in 50 parts of ion-exchange water, and
the mixture was emulsified with a mixer to prepare a NPP11067PCT pre-emulsion. The
thus-obtained pre-emulsion and an initiator aqueous solution of 0.3 part of araraoniu persulfate in 13
parts o 8H-&xthange witer Wefe added dFopwise it ThE sehardbie fiask/ fony ditférditdrSping
funnels.sfimglftaneousl . I'l)ropryviste ad(gtiorégt %on%tagt rates over 129 minutes for the f%rmertand over
150 miAttes for the fa r%las%ta}%gd. Atterthe go%pférﬁ%ncéﬁﬁg %%oﬁv@%eoél&dpltigﬁ, & réaction was
continugd gtine sametemparaliye s abays p an additianal 420 minuiss, The. (asyltant ygs cooled
and then neutralized with aqueous ammonia corresponding to 10 moil of the methacrylic acid used.

The neytral zationproduct was filtered with 2.:200-mesh metal sereen to give an ackylig emulsion resin.

Subsequently, 1.9 parts of a pigment dispersant (manufactured by BYK-Chemie, trade name

"DisperbykplO0:), £:3 partefmsdefpamer{ma factured by BYK:Ghemie, trade-pame;"BYK,019") , 18.6
parts of titanium oxide, 10.9 parts of calcium carbonate, 8.5 parts of talc, 2.9 parts of an anti-rust agent
(manufagtured by KdKUGHhERISORF EaCHEMICAL S CORPORATION, dradename 4 E-ROLUSE'
P52-303W"), and 12.1 parts of water were mixed with each other and dispersed with a disper.

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

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

10 to 350 g/m°.

[0063] As the drying method, any appropriate method may be
adopted. Alr drying or heat drying is preferred. In the case of
the air drying, a drying time is preferably 2 hours or more, more
preferably 24 hours or more, particularly preferably 1 week or more.
According to the method of forming a coating film according to the

present invention, it is possible to form a ceocating film excellent
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To the dispersion were added 41 parts of an emulsified epoxy resin (manufactured by ADEKA
CORPORATION, trade name "ADEKA RESIN EM-101-50, " epoxy equivalent : 500 9/equivalent, sol d
content : 47%) , NPP11067PCT 1.7 parts of a film forming aid (manufactured i EHIEE® CT
CORPORATION, "05-12"), 0.4 (dart of an anti-rust agent 0.2 part of a defoa ter, and 17 parts of the
acrylic emulsion resin produced in the forecoinc to give a base resin liquid for a coating material.
Further, 8.9 parts of a water-soluble polyamine resin Sunmide (manufactured by Air Products and
Chemicals, i trade name, WH.919," aqlye vdipaen eanialant: 135ieauivplent O tarms of solid
content), solid content: 60%) and 11.2 parts of water were mixed with each other to give a curing
agent. .p,fhe bage tesirliguid.for.a coating majerial.and the curing agent were mixed with each
other and stirred with a disper to give an aqueous epoxy/amine-based coating material A.
[0098](Production Example 49)Production of aqueous epoxy/amine-based coating material 2 An
agueous epoxy/amine ased coating material B was obtained in the same manner as in Production
Examplée d8ce@xcept thatthe hlend ofthe baseresieliquidferiatcoatingrmatertal mas.changedby using
4 parts of the acrylic emulsion resin instead of 17 parts of the acrylic emulsion resin. [0099] 'Production
Example®0) duRroduetion of aqueous. tworcomponent uiethare-dhaséd coating araterial A to
NPP11067PCT 22 parts of water, 6 parts cf a pigment dispersant (manufactured by BYK-Chemie,
trade name "Dispefioyle 1909 L 70 paty of titahiurm oXide? 11part e adlefdanmér @ramiactadedtby
BYK-Chemie, trade name "BYK-011," diluted to 10% before use), and 0.4 part of a_ ,
dimethyléthaRofiiné Hguedtd sol i (25! mdssda e miked WithEachCothe? Ana StifredWith a
disper tQ give a pigment paste. 39partsoftheresultantpigmentpaste, 58 parts of an agueous acrylic
polyol (mandlifdcturétfBy DIG EBrpsratioh “t&de Hafte BURNOBKWE-306, 64 fart BPa%8rface
conditioner (manufactyred by BYK-Chemig, trade name "BYK-346"), 0.05 part of a leveling agent
(manufzralnéatHre%lcl:():>}1 BYK-C gr%]ig, ?fde0£$gaB%?<{§%$,O&4opartt ofa gﬁﬁgét%ﬁt(r%%%ﬂfactured by Air
Products and Chemicals, Inc., trade name "DYNOL 604"), 0.5 part of a viscosity adjuster
(manufactured by Rohm and Haas Company, trade name "Primal RM-8W"), 0.1 part of a dime
hylethanglapiine aqueous solutiop (23 massye), anck2 @@{taq{@ad@jga&eh(?a{w@%twg&ysSAN
NOPCO LIMITED, trade name "SN-Defoamer 373") were mixed with each other and stirred with a
disper tegive adbaserresis liguichfor acaating materiak o r r LO0Partsafithehase resiy the
liquidforacoatingmaterialwere mixed with 17 parts of a water dispersible polyisocyanate (manufactured
by DIG Gorporation, trade namae iBYRNOCK DNWES00Q'Y nand the ampdure was stiseadi witha disper to
give an aqueous two-component urethane-based coating material A. [0100](Production Example
51)productioh ®f agueodus carbpdiimide-basedceatingumateral of al@0 pdds offirder.
4,4-dicyclohexylmethane diisocyanate were subjected to a react'othe presence of 1 part
3-methyl-1-phenyl-2-phospholene-l-o d- as a carboditmidation catalyst at 170C for 8 hours to give a
carbodiimide compound having about 3 carbodi nide groups per molecule and having isocyanate
groups at Béthlterminal$ (istfeydiife efuivareht ¥b0rguivalkt) coatTeRedigdits of a
solutionobtainedbydilutingthe carbodiimide compound with methyl isobutyl ketone to SO mass% were
added 0.02 parf'5f aitiyith? BttafPdhd 185 parts BR BoRPropyERe §I5Ea TR ¥4 MoREGRF weight of
2,000, %nd t mixt%rieovr\llag Pubjected toa rea tiorlcgtr85C for 1 hour. Sub,sequegtly, 125 parts of

polyethViehe givest mohomathyl &tier Haing 15 repeat tits Were atiel therétoC aRd te Hdultant
miure yigs sbjediad 18 areacfion at8SG for 4,8 hors. . Afterdve canfirmation of fispppearance
of the isocyana grouﬁs with an infrared spectrophotometef, 92 parts of delorized water were
added, and the mixture yas stitred to;hamageneity, MethyLisehutyl ketoneand,wateryuere, distilled off
at 40C under reduced pressure so that an effective component was adjusted to 40 mass% to give an
aqueous:cafhodiiide curing agent having acarbadiimide NPRLL067R-CT equivalent of 825
g/equivale.t. Next, to 35 parts of a pigment paste obtained by mixing and dispersing, with a diaper,
6.8 partscafrwater ob pastzafianpignagnd . spetsant dnanufastured by BYkochemiie | tradeaname
"Disperbyk-190") , 1 part of ethylene glycol, 0.2 part of a defoamer, 2 parts of barium sulfate, and 24
parts oftitdniuinvoxitde wenecaddeds 35 parts epar acadicemulsioro@cichvakiei 30angkQH/gdsolid
content: 55 mass%), 8 parts of a water-soluble acrylic resin (acid value: 55 mgKOM/g, hydroxyl value:
70 mgKQHA/Y vassiaerade awleculaeweighbed; 000, solid content: 30 mass%), 3 parts of a film
forming aid (manufactured by CHISSO CORPORATION, trade name "CS-12"), 1 part of a viscosity
agent, and 1 part of a defoamer to give a base resin liquid for a coating material. To the resultant
base resin liquid fora coating material were added 35 parts of the aqueous carbodiimide curing agent
produced previously, and the mixture was stirred with a disper to give an aqueous carbodiimide-based
coating material. 32



[0101](Production of undercoatingmaterial) (Production Example 52) Production of aqueous organic
zinc-rich coating material 8.8 parts of a water-soluble polyamine resin (manufactured by Air.
Products and Chemicals, Inc., trade name "Sunmide WH-910," NPP11067PANPAttileankicsen
equivalent: 135 g/equivalent (in terms of solid content), solid content: 60%), 1.2 parts of a viscosity
agent, and 6 parts of water were mixed with each other 70 give a curing agent. The curing agent,
16 parts of an emulsified epoxy resin (manufactured by ADEKA CORPORATION, trade name "ADEKA
RESIN EM-04-50. " enaxyequalent:200alequiaien, salidcopient, 4796). apel.08 parts.of.glpe powder
were mixed, and the mixture was stirred with a disper to give an agueous organic zinc-rich
coatingmaterial- {@102](Fxamplecl)szormation ofgigglerlayer ceatingfilm 5 Amagueousgoating
composition 1 was prepared under an environment of 30C by the method of Production Example 29,
and 24 sputs,afterithe prepayation the aauequsicoating cemposition & was appliechenta aisandblasted
steel sheet with a brush in an application amount of 200 g/m2 and dried under an environment of 20C
for 7 daysie fova-ta singledayercoating fikm {thigkness aftercdryinge 60:formed with thesaguegus
coating composition 1. At that time the aqueous coating composition 1 did not gelate and was able to
be applied-with gbodavoekability. iThedre sultant sirgletayeraoatiogrfirnesubjectedrtoathe evalaation for
"corrosion resistance.” Table 4 shows the evaluation results. [0103](Examples 2 to 19) Formation of
single-lagéricoating IR ONPPIIOBAEC T2 L, 2SiRglkYayes ToatiRg fiftdsowerel sbtained i the same
manner as in Example 1 except that the aqueous coating comoositions shown in Table 4 were used
instead Bt e aguEeots E6atNG EGMBOSRaT i MAskotfdbenbtedthaf top coatingmaterial
althoughtheggueousgoatingcom ositions were used 24 hours after the girg aiation in all Examples,

none of thé A§uRGLE CSating E6mpPdsitionaYeidied. Siie rédiiitart Sihgie> Eoatiny Hims Were

subjected {o,the same evalualion as.n Fxample L, Table. showsdhe evaliation results ,
[0104](I%xamp?e igfﬁorma%on of single-layer coa%ng iffey € aqueous coaﬁﬁg compos?tion 1 was

prepared under an enyirgnment of 56 by, the methad, ofiProduction Fxample 29, and 1, hou atter the

preparation, the aqueous coating composition I was applied onto a polished steel sheet with a brush
in an applicatien amount of 200 g/m2 and drigd-underan-envirgnment:of 5G for 24:hours fo,form a
single-layer coating film (thickness after drying: 60 pif) formed with the aqueous coating composition 1.
t that timepthe aguieods ceating-cemposition:lid 5ot gelatbiand was able-toha-applied withqgood
workability. The resultant coating film was subjected to the evaluation for "initial rain resistance.” Table
4 showsdhe evaluation eesults. {105 |Examplesn2idte 38)Fammatipr of singledayer-eaating .
Single-layer coating films were obtained in the same manner NPP11067PCT as in Example 20 except
that thé'aguedus toatingedompositiohsishown diaple4swereasseddnstead of thersgueniis teating
composition 1. It should be noted that, although the aqueous coating compositions were used 1 hour
after thé preparatienallExamplesh fohé bragacodsesatiry coripasiticns §élaidd/ The festitant
single-laye coating films were subjected to the same evaluation as in Example 20. Table 4 shows the
evaluatisirestifts o286 EBExImpPIé 30) ForARRiDh Gyl tdyer coatiigtihiod Phe aéli€ous
coating composition | was prepared under an environment of 23C by the method of Production
Example 29, and 24 hours after the preparation, the aqueous coating composition 1was applied onto
apolishedsteel sheetdegreasedwithxylene with a brush in_an application amaount of 200 g/m2 and dried
under aiggrﬁlglﬁonment (%‘ 3C o 9Oa]§/§ o fgra %%iﬁéle{ll%§éf ggg%g?ﬁljrfnn?e(%ﬂ%ﬁfngg gL elrncﬁying: 60
) formedihdhe agueous coaling compesitien | AlduaLlime, fhe aguaays. seaiag composition |
did not gelate and was able to be applied with good workability” The resultant coating film was
subjectgd tg the gyaluation for "waterdesisiant adhesive property.e T@ble 4.shows the;gyaluation

results. [0107](Examples 40 to 57) Formation of single-layer coating film Single-layer coating films
were obtaiadiinihe SAMeMapNey of the top coating material and the like.

Examples thereof include application by means of a brush, a roller,
an air spray, an airless spray, a trowel, or the like, and immersion.

[0069] The application amount of the top coating material may
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NPP11067PCT as in Example 39 except that the aqueous coating compositions shown in Table 4
were used instead of the aqueous coating composition 1. It should be noted that , althouah the
aqueous coat ng ompositicns were used 24 hours after the preparation in all BXBRbI&OS YR8 of the
agueous coating compositions gelated. The resultant single-layer coating films were subjected to the
same evaluation as in Example 39. Table 4 shows the evaluation results. 8Y 63. Of atdmeug ;
Aqueous . coating compositio 0 10 (FroduCtiO U ExaMple 38) Blending amount (parts) ()Og 09

be set to any appropriate application amount depending on the kind
of the coating material, purposes of coating, and the like. The

application amount is preferably 30 to 400 g/mz.

[0070] A method of drying (heating) the top coating material
may be any appropriate drying (heating) method depending on the
kind of the top coating material and the like. Examples thereof

include air drying, forced drying, and baking.

[0071] The thickness of the top coating layer may be set to
any appropriate thickness depending on the kind of the coating
material and purposes of coating. The thickness is preferably 10

to 150 um.

[0072] Before the formation of a coating filmwith the aqueous
coating composition, the surface of the substrate may be coated
with an undercoating material to form an undercoating layer. The
formation of the undercoating layer provides additionally excellent
corrosion resistance and water-resistant adhesive property, which
are well applicable to a case requiring high corrosion resistance,

such as a bridge, a plant, or a tank.

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

inorganic zinc-rich coating material. When such coating material
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containing zinc powder 1is used, an undercoating layer which has
extremely high corrosion resistance can be formed. In addition,
the ccating material has good workability and can form a uniform
undercoating layer. The undercocatingmaterial maybe a solvent type
or an aqgqueous one, and 1s preferably an agueous one because an

environmental load may be reduced.

[0074] As a methoed of forming the undercoating layer, the same
method as in the case of the upper coating layer may be adopted.
The application amount of the undercoating material may be set to
any appropriate application amount depending on the kind of the
coatingmaterial, purposesofcoating, andthelike. Theapplication
amount is preferably 80 to 1,200 g/m°. The thickness of the
underccating layer may be set to any appropriate thickness depending
on the kind of the coating material, purposes of coating, and the

like. The thickness is preferably 20 to 200 um.

[0075] After the formation of a coating film through coating
with the agueocus coating composition, the coating filmmay be coated
withanintermediate coatingmaterial toforman intermediate coating
layer. The formation of the intermediate coating layer may provide
a coating film additionally excellent in corrosion resistance and
water-resistant adhesive property. The top coating lavyer is

preferably formed on the intermediate coating layer.

35



is1CC,0.0 ..EEI-1 _..COCOo 00S

NPP11067PCT
[0076] Any appropriate coating material may be adopted as the
intermediate coating material. Examples thereof include an

epoxy/amine-basedcoatingmaterial, a two~component urethane curing
type coating material, and a one-component urethane curing type
coatingmaterial. Theintermediatecoatingmaterialmaybeasolvent
type or an agueous one, and is preferably an agueous one because
an environmental load may be reduced. The intermediate coating
material is more preferably an agqueous epoxy/amine-based coating
material or an agueous two-component urethane curing type coating
material. Such agueous coating material can form a multilayer
coating film which has good adhesiveness to the top coating layer

and is strong.

[0077] As a method of forming the intermediate coating layer,
the same method as in the case of the upper coating layer may be
adopted. The application amount of the intermediate coating
material may be set to any appropriate application amount depending
on the kind of the coating material, purposes of coating, and the
like. The application amount is preferably 20 to 400 g/m®. The
thickness of the intermediate coating layer may be set to any
appropriate thickness depending on the kind of the coatingmaterial,
purposes of coating, and the like. The thickness is preferably 10

to 100 um.

[0078] The top ceoating material, the intermediate coating
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material, and the undercoating material may each contain a pigment,
an additive, and the like. Examples of the pigment and the additive
include the pigments and additives described in the above-mentioned
sectionA-1. Thenumber, kinds, andamountsofpigmentsandadditives

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

Examples

[0079] Hereinafter, the present invention is described in more
detail by way of examples. However, 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.
Further, evaluations in the examples were carried out for the

following items.

[0080] (Corrosion resistance)

The resultant coating filmwas subjected to a cyclic corrosion
test defined in JIS K 5600 7-7, and the state of the coating film
after 120 cycles was evaluated based on the following criteria.

Ratio of area of rust generated on the coating film to the
area of the resultant coating film

A: Less than 0.05%

B: 0.05% or more and less than 0.1%

(Initial rain resistance)

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

BRA: No abnormality in outer appearance ocbserved

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

C: Mark of crack or swelling observed

(Water-resistant adhesive property)

A coating film was immersed together with an object coated
therewith in water at 20°C and lifted up after a lapse of 7 days,
and then in accordance with a cross-cut method of JIS K 5600~5.6
(2006), 5x5 squares each measuring 3 mmx3 mm were formed on the
coating film. A pressure-sensitive adhesive tape was attached to
a surface thereof and then rapidly peeled off, and evaluation was
performed based on the following criteria.

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

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

5

o

)
6 points or less: Some peeled sguares or significant peeling

along the cut part observed (peeling area: 5% or more)
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[0081] (Production of aqueous coating composition)

(Production Example 1) Production of aqueous epoxy-based
polyamine resin (A)TI

702 parts of a raw material resin having an epoxy equivalent
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 aminocethylethanolamine (73 mass$
MIBK solution) were added theretc, and the mixture was allowed to
react at 117°C for 1 hour. Subsequently, 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.

Rcetic acid was added thereto so that a neutralization ratio
{(neutralization ratio of the resin based on amino groups) of 35.0%
was achieved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBK and water was removed under reduced
pressure until a solid content of 40 mass% was achieved, to thereby

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

(00827 (Production Example 2) Production of agueous
epoxy-based polyamine resin (A)II

742 parts of the rawmaterial resin having an epoxy equivalent
of 188 g/egquivalent, 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°Cforlhour. 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 a nonvolatile content of 75% was achieved, to thereby
obtain an epoxy-based polyamine resin having an amino group

equivalent of 1,093.

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

was achleved, 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)II.

[0083] (Production Example 3) Production of agqueous
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°Cforlhour. Subseqguently,
27parts 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 MIBK until a nonvolatile content of 75% was achileved, to thereby
obtain an epoxy-based polyamine resin having an amino group

equivalent of 810.
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Acetic acid was added thereto so that a neutralization ratio
(neutralization ratio of the resin based on amino groups) of 20.0%
was achieved, and the mixture was diluted with 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 aqueocus (water-dispersible) epoxy-based

polyamine resin (A)IITI.

[0084] (Production Example 4) Production of agueous
epoxy-based polyamine resin (A)IV

1,%40partsoftherawmaterial 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
to react at 100°C for 2 hours. After that, the mixture was diluted
with MIBKuntil a nonvolatile content of 75% was achieved, to thereby

obtain an epoxy-based polyamine resin having an amino Jgroup
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egquivalent 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 aquecus (water-dispersible) epoxy-based

polyamine resin (A)IV.

[0085] (Production Examples 5 to 7) Production of aqueous
epoxy-based polyamine resins (A)V to VII

Aqueocus epoxy-based polyamine resins (A)VtoVII were prepared
in the same manner as 1in Production Example 2 except that the

neutralization ratio was changed as shown in Table 1 below.

[0086] {(Production Example 8) Production of agueous
epoxy-based polyamine resin (A)VIII

1,440 partsoftherawmaterial resinhavinganepoxyequivalent
of 188 g/eguivalent, which was synthesized from bisphenol A and
epichlorohydrin, 760 parts of bisphenol A, and 388 parts of MIBK
were fed to a reactor equipped with & 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/equivalent, to thereby
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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 aquecus (water-dispersible) epoxy-based

polyamine resin (A)VIII.
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[0088] (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 changed to 5%. The epoxy~basedpolyamine resinwas not converted

into an aqueous resin and caused phase separation in water.

[0089] (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 bisphenol 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 equivalent of 2,050.

Acetic acid was added thereto so that a neutralization ratio
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(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 aqueous resin and caused phase

separation in water.

[0080] (Production Example 11) Production of base resin ligquid
for coating material I

110 parts of water, 32 parts of a pigment dispersant
(manufactured by BYK-Chemie, trade name "Disperbyk~190"), 4 parts
of a defoamer (manufactured by BYK-Chemie, trade name "BYK-019"),
179 parts of calcium carbonate (manufactured by MARUO CALCIUM CO.,
LTD, trade name " N Ground Calcium Carbonate "), 172 parts of titanium
oxide (manufactured by Du Pont, trade name "TI-PUR R706"), and 25
parts of a calcium-based anti-rust pigment (manufactured by Toho
Ganryo Kogyo Co., Ltd., trade name "EXPERT NP1007") were mixed,
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 an associated thickener
(manufactured by ADEKA CORPORATION, trade name "Adecanol UH-420"
were added to 500 parts of the pigment paste, and the resultant

wasmixed, totherebyobtainabaseresinliquidforacoatingmaterial
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(Production Examples 12 to 18) Production of base resin

liguids for coating material II to VIII

Baseresinliquids foracoatingmaterial ITtoVIIwereobtained

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

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

of the aqueous epoxy-based polyamine resin

(A)I.

[0092] [Table 2]
Base resin Rgueous epoxy-based polyamine resin (A)
liguid for Epoxy Amino group
coating equivalent of | equivalent of
material epoxy resin agueous
epoxy—-based
polyvamine
resin
Production I (Production
_ I 1,07 ,
Exanple 11 Example 1) 079 1,184
Production II (Production
II 7
Example 12 Example 2) 1,079 1,093
Production IITI (Production .
ITT
Example 13 Example 3) 730 810
Production IV (Production
v
Example 14 Example 4) 3,000 1,550
Production vV (Production
Y , 07 1,
Example 15 Example 5) 1,079 03
Production VI {Production ;
VI 7
Example 16 Example 6) 1,079 1,093
Production VII (Production
VII 7 1
Example 17 Example 7) 1,079 ;093
Produ?tl?n VITT VIITI (Production 2,200 1,150
Example 18 Example 8)

[0093]

(Production Example 19)

Production of curing agent I

40 partsofwater, 10partsof DPnB, and 50 partsof polyethylene

glycol #400 dimethacrylate (EO 9 mol)

molecular weight:

508,

number of functional groups:

48

(viscosity (25°C):

58 mPa-s,

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

agent I.

[0094] (Production Examples 20 to 28) Production of curing
agents II to X

Curing agents IT to X containing compounds (B) were prepared
according to the method of Production Example 19 using the compounds
(B) shown in Table 3 at blending ratios shown in Table 3 by mixing
methods shown in Table 3. 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
11, V, VIII, and IX. Table 3 shows the viscosity at 25°C, molecular
weight, number of functional groups, acryloyl group equivalent,
andproperty (self-emulsifying, water-insoluble, or water-soluble)
of the compound (B) used in each of Production 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 for 3 minutes and allowed to stand still,
followed by wvisual observation. If the mixture contained a
precipitate, the compound was evaluated to be "water-insoluble,"
if the mixture contained no precipitate and was clear, the compound
was evaluated to be "water-soluble," and if the mixture contained
no precipitate and was turbid, the compound was evaluated to be

"self-emulsifying."”
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[0096] (Production Examples 29 to 47) Production of agueous
coating compositions 1 to 19

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

disper to give agqueous ccating compositions 1 to 19.

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

34.5parts of ion~exchange water and 0.3 part of a sodiumalkyl
diphenyl ether disulfonate (manufactured by Kao Corporation, trade
name "PELEX S55-H") were lcocaded and heated in a nitrogen atmosphere
to 80°C. Next, a monomer mixed solution including, as monomers,
14 parts of styrene, 58 parts of 2-ethylhexyl acrylate, 22 parts
of methyl methacrylate, 4 parts of ethylene glycol dimethacrylate,
and 2 parts of methacrylic acid, and as a chain transfer agent,
0.5 part of lauryl mercaptan was prepared. The resultant monomer
mixed solution had an acid value of 13 mgKOH/g. The monomer mixed
solution was added to an emulsifier aqueous solution of 1.2 parts
of a sodium alkyl diphenyl ether disulfonate {(manufactured by Kao
Corporation, trade name "PELEX SS-H") in 50 parts of ion-exchange

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

The thus-obtained pre-emulsion and an initiator agueous
solutionof 0.3 partof ammoniumpersulfateinl3partsof ion-exchange
water were added dropwise into the separable flask from different
dropping funnels simultaneously. Dropwise addition at constant
rates over 120 minutes for the former and over 150 minutes for the
latter was started. After the completion of the dropwise addition,
a reaction was continued at the same temperature as above for an
additional 120 minutes. The resultant was cooled and then
neutralized with agueocus ammonia corresponding to 10 mol% of the
methacrylicacidused. Theneutralizationproductwas filteredwith

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

Subsequently, 1.9 parts of a pigment dispersant (manufactured
by BYK~Chemie, trade name "Disperbyk-120"), 0.3 part of a defoamer
(manufactured by BYK-Chemie, trade name "BYK-019"), 18.6 parts of
titanium oxide, 10.9 parts of calcium carbonate, 8.5 parts of talc,
2.9 parts of an anti-rust agent (manufactured by KIKUCHI COLOR &
CHEMICALS CORPORATION, trade name "LF BOUSEI PM-303W"), and 12.1

parts of water weremixedwith each other and dispersedwith a disper.

To the dispersion were added 41 parts of an emulsified epoxy
resin (manufactured by ADEKA CORPORATION, trade name "ADEKA RESIN

EM-101-50, "epoxyequivalent: 500 g/equivalent, solidcontent: 47%),
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1.7partsof a film forming aid (manufactured by CHISSO CORPORATION,
"Cs~-12"), 0.4 part of an anti-rust agent, 0.2 part of a defocamer,
and 17 parts of the acrylic emulsion resin produced in the foregoing

to give a base resin liquid for a coating material.

Further, 8.9 parts of a water-soluble polyamine resin Sunmide
(manufactured by Alr Products and Chemicals, Inc., trade name
"WH-910," active hydrogen eqguivalent: 135 g/equivalent (in terms
of solid content), solid content: ¢0%) and 11.2 parts of water were

mixed with each other to give a curing agent.

The base resin liquid for a coating material and the curing
agent were mixed with each other and stirred with a disper to give

an aqueous epoxy/amine-based coating material A.

[0098] (Production Example 49) Production of aqueous
epoxy/amine-based coating material B

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

acrylic emulsion resin.

[0099] (Production Example 50) Production of aqueous

two-component urethane-based coating material A
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22partsofwater, 6partsof apigmentdispersant (manufactured
by BYK-Chemie, trade name "Disperbyk-190"), 70 parts of titanium
oxide, 1 part of a defoamer (manufactured by BYK-Chemie, trade name
"BYK-011," diluted to 10% before use), and 0.4 part of a
dimethylethanolamine agueous solution (25 mass$%) were mixed with

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

39 parts of the resultant pigment paste, 58 parts of an agqueous
acrylicpolyol (manufacturedby DIC Corporation, trade name "BURNOCK
WE-306"), 0.4 part of a surface conditioner (manufactured by
BYK~Chemie, trade name "BYK-346"), 0.05 part of a leveling agent
(manufactured by BYK-Chemie, trade name "BYK-333"), 0.4 part of
a surfactant (manufactured by Air Products and Chemicals, Inc.,
trade name "DYNOL 604"), 0.5 part of a viscosity adjuster
(manufactured by Rohm and Haas Company, trade name "Primal RM-8W"),
0.1 part of a dimethylethanolamine aqgueous solution (25 mass$%),
and 2 parts of a defoamer (manufactured by SAN NOPCO LIMITED, trade
name "SN-Defoamer 373") were mixed with each other and stirred with

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

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

two-component urethane-based coating material A.
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[0100] (Production Example 51) Production of aqueous
carbodiimide~based coating material

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

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

To360partsofasoclutionobtainedbydilutingthecarbodiimide
compound with methyl iscbutyl ketone to 50 mass% were added 0.02
part of dibutyltin laurate and 165 parts of polypropylene glycol
having a molecular weight of 2,000, and the mixture was subjected
to a reaction at 85°C for 1 hour. Subsequently, 125 parts of
polyethylene glycol monomethyl ether having 15 repeat units were
added thereto, and the resultant mixture was subjected to a reaction

at 85°C for 1.5 hours.

After the confirmation of disappearance of the isocyanate
groups with an infrared spectrophotometer, 920 parts of deionized
water were added, and themixturewas stirred tohomogeneity. Methyl
isobutyl ketone and water were distilled off at 40°C under reduced
pressure so that an effective component was adjusted to 40 mass%

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

Next, to 35 parts of a pigment paste obtained by mixing and
dispersing, with a disper, 6.8 parts of water, 1 part of a pigment
dispersant (manufacturedbyBYK-Chemie, trade name "Disperbyk-190"),
1 part of ethylene glycol, 0.2 part of a defoamer, 2 parts of barium
sulfate, and 24 parts of titanium oxide were added 35 parts of an
acrylic emulsion (acid value: 30 mgKOH/g, solid content: 55 mass%),
8 parts of a water-soluble acrylic resin (acid value: 55 mgKOH/g,
hydroxyl value: 70 mgKOH/g, mass average molecular weight: 9,000,
solid content: 30mass%), 3partscf a film forming aid (manufactured
by CHISSO CORPORATION, trade name "C3-12"), 1 part of a viscosity
agent, and 1 part of a defocamer to give a base resin liquid for

a coating material.

To the resultant base resin liquid for a coatingmaterial were
added 35 parts of the aqueous carbodiimide curing agent produced
previously, and the mixture was stirred with a disper to give an

agueous carbodiimide-based coating material.

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

8.8 parts of a water-soluble polyamine resin (manufactured

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

6 parts of water were mixed with each other to give a curing agent.

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

with a disper to give an aqueous organic zinc-rich coating material.

[0102] (Example 1) Formation of single-layer coating film
An agqueous coating composition 1 was prepared under an
environment of 30°C by the method of Production Example 29, and
24 hours after the preparation, the agueous coating composition
1 was applied onto a sandblasted steel sheet with a brush in an
application amount of 200 g/m° and dried under an environment of
20°C for 7 days to form a single-layer coating £film (thickness after
drying: 60 um) formed with the aqueous coating composition 1. At
that time, the agqueous coating composition 1 did not gelate and
was able to be applied with good workability. The resultant

single-layer coating filmsubjected to theevaluation for "corrosion

resistance." Table 4 shows the evaluation results.
[0103] (Examples 2 to 19) Formation of single-layer coating
film

57



"IA11A ;X1  :auafit buTarcs [0109](Example 58) Formation of multilayer coating film two layers)
As a substrate, a polished steel sheet decreased with xylene was used. The aqueous coating
composition 12 obtained in Production Example 40 was applied under an envikatiri@oeatFSClonto the
substrate with a brush in an application amount of 200 g/m2 and then dried for 24 hours at the same
environment as in application to give a coating film (thickness after drying: 60 um) formed with the
aqueous coating composition I. The resultant coating film had no finger feeling (specifically, nosticky
feeling) and a t%g_%%ﬁtén%rggterial Wai able to.be a&;glied thereonto. A solvent type o,

naterial l(ﬁ?agljlfggﬁjre rb?/ l(\)lJiDPIsié)RIeISiAjﬂ{l]Tta?g.,T_?f1 .,etra e name

epoxy/amine-based coating'materia

“Epotal \B:20) yas appied asdne top coaling mateiak onto the tesultangeqating fim under.an

environment of 5C with a brush in an application amount of 200 g/m' and then dried at 25C for 24

hours tq forim;a 1ep goath Mg Jayer (ithickogss after drying;,60m) - Thys1a Muiiaysk eeating film (two

layers) was obtained. The resultant multilayer coating filmo layers) was
subjectedtotheasraduatioptorn watervesisiantadhesite propetyc Jablecs shews the-e\luationgesults.
[0110](Examples 59 to 68) Formation of mult ayer coating film NPP11067PCT (two layers)

Multilayes ceating il (two layexs)-were: bbtgimeg asiagithe subsirates;aquedas caating of
compositions, and top coating materials shown in Table 5 under the conditions shown in Table 5 in
accordarice witlitlfeohed  desdribed in Exapapie 580The top coatinhy matefials useddm Exaniples 59 to
68 and shown in Table 5 are as follows. It should be noted that the polished steel sheet used in
Exampleis®had besf degpedsetbwith Xyferiecinadvante Cand the slate shaBeussd ih-Bxarfiple 65 had
had an agueous sealer for an inorganic material (manufactured by NIPPON PAINT CO., LTD., trade

name "Bftra- Be&RFTIPY Applied THtd fis SufACE T ad\Farfted L 1a i oftRé &ohfing -.1=s formed with

the aqueous coating compositions had no finger feeling (specifically, no sticky feeling) and the top
coating materials were able to be applied thereonto. In addition, the resultant multilayer coating

films ( %{z@/g S) were Léb'ecteg to the same evaluationfas in Example 58. Table 5 shows the
evaluegiYon res{JIts. (Topﬁcoa?fﬁg rﬁatelar}&l) fg%?\}:eln?rtlyﬁ)e e|§c'}>€1 )air%ineeaft\)/ggecf gggttt%n%gmgtleﬁgl A

As the solvent type epgxy/amine-hased coating material &, "Epgtal NB:2Q)(trade pame) mapufactured
by NIPPON PAINT Co., Ltd. was used.

environment of 5°C by the method of Production Example 29, and 1

hour after the preparation, the agueous coating composition 1 was

applied onto a polished steel sheet with a brush in an application

amount of 200 g/mzancidrieciunder'an,environment of 5°C for 24 hours

to form a single-layer coating film (thickness after drying: 60

um) formed with the agueous coating composition 1. At that time,

the aqueous coating composition 1 did not gelate and was able to

be applied with good workability. The resultant coating film was

subjected to the evaluation for "initial rain resistance." Table

4 shows the evaluation results.

[0105] (Examples 21 to 38) Formation of single-layer coating
film

Single-layer coating films were obtained in the same manner
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NPP11067PCT 2. Solvent two-component urethane-based coating material A As the solvent
two-component urethane-based coating material A, "HI-PON 50 FINE" (trade name) manufactured by
NIPPON PAINT Co., Ltd. was used. 3. Solvent two-component urethane-baseditBali6g nkdidtial B As
the solvent two-component urethane-based coating material B, "NIPPE LIRETOP ECO" (trade name)
manufactured by NIPPON PAINT Co., Ltd. was used. 4. Aqueous epoxy/amine-based coating material
A As the aqueous epoxy/amine-based coating material A, the aqueous epoxy/amine-based

coating jyateyial produce n Piodugtion Example 48 was used 5, Adyeous. tuoscompggen
S nt ure ase

urethane-based coating material e agueous two-compone ane- coating

material A, thgaquepusdwo-camponent urethane-haged.coating material A prodycedin Production

Example 50 was used. 6. AqQueous emulsion-based coating material As the aqueous

emulsion:based;eeatingynaterialy iQRE COAT &i(trade name) manytactured Sy NEPON,RAINT Co.,

Ltd. was used. 7. Aqueous carbodiimide-based coating material As the aqueous
carbodiimaifle-hased coating matetial; the,aqueeus:earbodiimide-based:eeatigematetiahprogificed in
Production Example 51 was used. orcm-H1500-H4-:0mm700aCEO007 (2 a4
the agueous coating compositions gelated. The resultant
single-layer coating films were subjected to the same evaluation

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

[0106] (Example 39) Formation of single-layer coating film

The aqgueous coating composition 1 was prepared under an
environment of 23°C by the method of Production Example 29, and
24 hours after the preparation, the aqueous coating composition
1 was applied onto a polished steel sheet degreased with xylene with
a brush in an application amount of 200 g/m? and dried under an
environment of 23°C for 7 days to form a single-layer coating film
(thickness after drying: 60 um) formed with the aqueous coating
composition 1. At that time, the agueous coating composition 1 did
not gelate and was able to be applied with good workability. The

resultant coating film was subjected to the evaluation for

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

[0107] (Examples 40 to 57) Formation of single-layer coating
film

Single-layer coating films were obtained in the same manner
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as in Example 39 except that the agueous coating compositicons shown
in Table 4 were used instead of the aqueous coating composition
1. Itshouldbenotedthat, althoughtheagueouscoatingcompositions
were used 24 hours after the preparation in all Examples, none of
the aqueous coating compositions gelated. The resultant
single-layer coating films were subjected to the same evaluation

as in Example 39. Table 4 shows the evaluation results.
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[0109] (Example 58) Formaticon of multilayer coating film (two
layers)

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

was able to be applied thereonto.

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

coating film (two layers) was obtained.

The resultant multilayer coating film (two layers) was
subjectedtotheevaluationfor"water-resistant adhesiveproperty.”
Table 5 shows the evaluation results.

[0110] (Examples 59 to 68) Formationofmultilayer coating film
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(two layers)

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

ITI") applied onto its surface in advance.

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

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

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

Table 5 shows the evaluation results.

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

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

was used.

65



-lOHItx (30N 10 points 7: *-'.---4 -HM 50 p-" ...i,)-?-11,1)00a0,78<UuelLO)CNs.-101-1

~-10z,CD ----- 7=1t'N>7
NPP11067PCT

2. Solvent two-component urethane-based coating material A

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

As the solvent two-component urethane-based coatingmaterial
B, "NIPPE URETOP ECO" (trade name) manufactured by NIPPON PAINT
Co., Ltd. was used.
4. Aqueous epoxy/amine-based coating material A

As the aqueous epoxy/amine-based coating material A, the
aqueous epoxy/amine-based coatingmaterial A produced in Production
Example 48 was used.
5. Aqueous two-component urethane-based coating material A

As the aqueocus two-component urethane-based coatingmaterial
A, the agueous two-component urethane-based coating material A
produced in Production Example 50 was used.
6. Agueous emulsion-based coating material

As the agqueous emulsicon~based coating material, "ODE COAT G"
(trade name) manufactured by NIPPON PAINT Co., Ltd. was used.
7. Aqueous carbodiimide-based coating material

As the aqgqueous carbodiimide-based coating material, the
agueous carbodiimide-based coating material produced in Production

Example 51 was used.
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[0112] (Example 69) Formationof multilayer coating film (four
layers)

Asandblasted steel sheetwascoatedwithasoclvent typeorganic
zinc-rich coating material (manufactured by NIPPON PAINT Co., Ltd.,
trade name "N Zinky 8000 NB") as an undercoating material so that
a thickness after drying of 70 pymwas achieved to forman undercoating

layer.

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

the aqueous coating composition 13.

A solvent type epoxy/amine-based coating material B
(manufactured by NIPPON PAINT Co., Ltd., trade name "HI-PON 30 FINE
Intermediate coating"”) was applied as an intermediate coating
material under an environment of 25°Cwith a brush onto the resultant
coating film so that a thickness after drying of 30 ym was achieved,
and then dried under the same environment as in its application

for 1 day to give an intermediate coating layer.

A solvent two-component urethane-based coating material A

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

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

The resultant multilayer coating film (four layers) was

subjectedtotheevaluations for "water-resistant adhesiveproperty"”

and "corrosion resistance." Table 6 shows the evaluation results.
[0113] (Example 70) Formationofmultilayer coating film (four
layers)

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

as follows.

The resultant multilayer coating film (four layers) was
subjected to the same evaluations as in Example 69. Table 6 shows

the evaluation results.

(Undercoating material)

70



F-1,.7-12t0rf)r/1,dr:™ " .HH,._[LI-In) 00 -H. 7 .k, Olda) - HO""i 0 z coo rtt 00 :U --,:

atkiC,:toC4-,r-lIGaa
NPP11067PCT

The agueous organic zinc-rich coating material obtained in

Production Example 52 was used.

(Intermediate coating material)
As the aqueous epoxy/amine-based coating material B, the
aqueous epoxy/amine~-based coatingmaterial Bobtained in Production

Example 49 was used.

(Top coating material)
As anaqueous carbodiimide-basedcoatingmaterial, the agueous
carbodiimide-based coating material produced in Production Example

51 was used.

r-5,>;

[0114] [Table 6]
Example 69 Example 70
Undercoating Solvent type organic Agueous organic
material zinc-rich coating zinc-rich coating
material material
Agueous coating Aqueous coating Agueous coating
composition composition 13 composition 13
Intermediate coating Solvent type Agqueous
material epoxy/amine-based epoxy/amine-based
coating material B coating material B
Top coating material | Solvent Agueous
two—-component carbodiimide~-based
urethane~based coating material
coating material A
Water-resistant 10 points 10 points
adhesive property
Corrosion resistance A A
[0115] (Comparative Example 1)
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A coating film formed with the solvent type epoxy/amine-based
coating material A on a substrate was obtained in the same manner
as in Example 58 except that the solvent type epoxy/amine-based
coating material A (manufactured by NIPPON PAINT Co., Ltd., trade
name "Epotal NB-20") was used instead of the agueous coating
composition 12 obtained in Production Example 40. The resultant
coating film was sticky, and hence it was impossible to apply a

top coating material.

[011l6] As shown in each of Examples 1 to 19, according to the
method of forming a coating film according to the present invention,
it was possible to give a coating film excellent in corrosion

resistance.

[0117] As shown in each of Examples 1 to 19 and 39 to 57, in
the case of using the water-dispersible agueous epoxy-based
polyamine resin (A), the agueous coating composition which had been
stored for a long period of time did not gelate, was excellent in
workability, and allowed a coating film excellent in corrosion

resistance to be formed.

[0118] As shown in each of Examples 20 to 38, 58, 60, and 62,
the coating film formed by the method of forming a coating film
according to the present invention exhibited sufficient curability

even at low temperature. On the other hand, as shown in Comparative
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[0112](Example 69) Formation of multilayer coating film (four layers) A sandblasted steel sheet
was coated with a solvent type organic zinc-rich coating material (manufactured by NIPPON PAINT
Co., Ltd., trade name "N Zinky 8000 NB") as an undercoating material so thatEHeR0&SPAIHEr drying
of 70 um was achieved to form an undercoating layer. After that, the agueous coating composition
13 obtained in Production Example 41 was applied under an environment of 5C with a brush onto the
undercoating layer so that a thickness after drying of 60 pm was achieved, and then dried under the
same epyi nt as in its applicati r 1. day to gi coating. film formed with the agueous coating
compos?t\{{ngr?%g 1 A slcE)?\j/%nt %/O;g%%{) y/ﬁn%%-b%;égd% g(%tin%gr%%ter?aﬁ B (n%léngfglgﬁffeé} (8);'1 NIPPON
PAINT Cg,, L0 frade name (HEPON 30 RINE Intermediate coating'd was applied,as ap jnigrmediate
coating material under an environment of 25C with a brush onto the resultant coating film so that a
thickness-after-giying-6f 3pm was achieved, and then dried under he same environment as in its
application for 1 day to give an intermediate coating layer. A solvent two-component
urethane-based coating material A (manufactured by NIPPON PAINT Co., Ltd., trade name "HI-PON
50 FINE") NPP11067PCT was apdkked as a top coating material under an environment of 25C with
an air spfaylonto the inteemeldiate coating-layef stxtivap adhickhess after dhyamng ol SCipmamass
achieved, and then dried under the same environment as in its application for 7 days to form a top
coating &yer 1 THUS; Aeitilayerreoblifg fifhh o Uk ey erg)i e o u T heores it @atsaditifayey evatirg film
(four layers) was subjected to the evaluations for "water-resistant adhesive property" and "corrosion
resistanic@S Tabld 6 sABW3tRE @valBiafich restiltS HOXY3H{ERAMPIES70) Formatien efmaRikEr coating
film (four Iay,erggJe multilayer coating film (four layers) was obtained in_ the same manner as in
Example69'&; %?Fh&ﬁ(h%'ﬁl%%r&&aén& Hatéfal 8Gteotis Toating Lompdsifisit Siteffiddiate coating
material, angitgg c}::oatir!gr gnsalerial shown in Tat%e 6 were uag%. I\E] gqtéld be ncﬁed that the

101 a1 13tance can ne rormed., nwe a s wn in each
undercoa{)tlng materlél, |nterme(§|a e coaﬁng ma el’lgf, arid top coating rrfatena? SPIOWH in ?af):le 6 and

used in Fxample 70.re s follgws, , _Fhe resultant mullayer goafing fa (foug lavers) yias

subject ame evaluations as’in Example 69. é 6 shows the evaluation results.

(Undercosging rmateyia NPPIIO67RCT. Hi aduequs. oraaninZing ich qoetind afetiabobiained in

Production Example 52 was used. (Intermediate coating material) As the aqueous epoxy/amine-based
coatingraaterial B the, pgHeousepoxyiamingrhasedepatingmateriatBobtainedigPraduction Example
49 was used. (Top coating material) As an aqueous carbodiimide-based coating material , the
agqueousgarhedimidebased coating yateriakproducedrinBroglustion fExaayie Sgavasusecs
[0114][Table 6] Undercoating material
resin (AZ) obtained using an epoxy resin {(a2Z2) having an epoxy
equivalent of 2,000 to 3,200 at a specific mass ratio (al/a2) is

used, a coating film excellent in initial rain resistance and

water-resistant adhesive property can be formed.

[0120] As shown in each of Examples 58 to 68, a coating film
excellent 1n water-resistant adhesive property was able to be
obtained according to themethod of forming a coating film according

to the present invention by forming the top coating layer.

[0121] As shown in each of Examples 69 and 70, a coating film

excellent 1n water-resistant adhesive property and corrosion
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Aqueous coating Example 69 Solvent type organic zinc-rich coating material Aqueous coating
Example 70 Aqueous organic zinc-rich coating material Aqueous coating compositioncomposition 13
composition 13 Intermediate coating material Solvent type epoxy/amine-basedRBalinG ak4idiial S
Aqueous epoxy/amine-based coating material S! Top-atmaterial Solvent two-component
urethane-based coating material Aqueous carbodiimide-based coating material Water-resistant
adhesive property 10 points 10 Poi t

resistance was able to be obtained according to the method of forming
a coating film according to the present invention by forming the
undercoating layer, the intermediate coating layer, and the top

coating layer.

Industrial Applicability

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

such as doors and window frames.
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Corrosion resistanceA 1 [0115](Comparative Example 1) NPP11067PCT A coating film fo ed
with the solvent type epoxy/amine-based coating material A on a substrate was obtained in the same
manner as in Example 58 except that the solvent type epoxy/amine-based coBtiHigIHaterRECA
(manufactured by NIPPON PAINT Co., Ltd., trade name "Epotal NE-20") was used instead of the
aqueous coating composition 12 obtained in Production Example 40. The resultant coatir.g film was
sticky, and hence it was impossible to apply a top coating material. [0116]As shown in each of
Examples 1 to 19, according to the method of farming a coating film according to the present
invention, it was possible to give a coating film excellent in corrosion resistance. [0117]As shown in
each officxamples 11 to 19 and3%to TR the case of tsing the waterdligpersibleaquaousn g
epoxy-based poly ire resin (A), the aqueous coating composition which had been stored for a long
period ef tme<lid aotgetate, wasaxcelent inavarkahility, andsallowed a coating ftmeexcellent in
corrosion resistance to be formed. [0118]As shown in each of Examples 20 to 38, 58, 60, and 62, the
coatingffilinforieeldey thé e thpdeofferniag arcpatingofil i according to-thespre sentinvention
exhibited sufficient curability even at low temperature. On the other hand, as shown in Comparative
NPP11687PRCTEeaAplecl, tha toating filn fdhned with'the Convertiowale poxyEminedssised coating
material had insufficient curability at low temperature. [0119]As shown in each of Examples 31 to 35,
when t%@&@éoé@%&tﬁ@ LEATPORIHIBRRERIAG T Aqtie ctiSTepBGBased PolyamrisresindA)
obtained using the epoxy resin (al) having an epoxy equivalent of 2,000 to 3,200 is used, a coating film
excellentih iAitiEiTah REstancd'Can b&Tofmed MEamWhile EShowttifeddh 6 Examples 31, 32, 34,
35, 50, 51, 53, and 54, when the aqueous coating composition including the aqueous epoxy-based
polyam resin (Al) obtained using an epoxy resin (al) having an epoxy equivalent of 400 to 1,500 and
an aqueous epoxy:-bas lyami sin ( Qbtal Us] R epoxy.resin (a2).having.an epoxy
equival‘%e%ltigtE %008 tg 3?%0%%%% é%iﬁfé%lngﬁg rgtio% ?é%?a% #Zgggéf aggc%a%?n%lﬁﬂ% g%ceﬁ%gﬁtliﬁ initial
rain resistapce and watetstesistant adhesive property;can he tormed, [0120185 showr, in.each of
Examples 58 to 68, a coating film excellentin water-resistant adhesive property was able to be
obtainedaecording de the methed ebfgrming agoating filmaccordingda the presentdnvention by
forming the top coating layer. [0121]As shown in each of Examples 69 and 70, a coating film excellent
in watefrsesistant adhesive propefty angeearyosion NPP11067PCT resistance was able to be obtained
according to the method of forming a coating film according to the present invention by forming the

undercoating layer, thedrtermedateicpatidgiayer anckthertgprcoating dayerodndustrial Apptieability
agueous epoxy-based polyamine resin (A) and

the curing agent comprising the compound (B).

[Claim 3] A method of forming a coating film according to claim
1 or 2, wherein the agueous epoxy-based polyamine resin (A) 1is

water-dispersible.

[Claim 4] A method of forming a coating film according to any one
of claims 1 to 3, wherein the aqueous epoxy-based polyamine resin
{A) has an amino group equivalent of 100 to 3,000.

[Claim 5] A method of forming a coating film according to any one
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[0122]The method of forming a coating film according to the present invento can be suitably used in,
for example, an anticorrosive application. Specifically, the method can be suitably applied to, for
example, ships, vehicles (e.g., railway vehicles, large vehicles), aircraft, bridg®8; BiddHe/ §tfeibtures,
ants, tanks (e.g., petroleum tanks), pipes, steel tubes, and cast iron tubes as well as metal parts
included in architectural structures, such as doors and window frames. NPP11067PCT Claims [Claim
1] A method of forming a coatinc film, comprising coating a substrate with an aqueous coating

composition 1o form a goating film, wherein,the,agueous eoating cormpositign comptises.an gqueous
epoxy-based polyamine resin (A) having one or more primary amino groups and/or secondary amino
groups @ melesyle; and & egmpaund {Bhhaving Hnenr mere (methyacrylays groupsin amelecule.
[Claim 2] A method of forming a coating film according to claim 1, wherein the aqueous coat ing
compositorxis adwd-component aguegus-coatingleompaesitiars comprisingeobase resin liquid for a
coating material and a curing agent, the base resin liquid for a coating material comprising the
agueous epoxy-based polyamine resin (A) and the curing agent comprising the compound 5). [Claim
31 A method of forming a coating film according to claim 1 or 2, wherein the agqueous epoxy-based
polyamirielresin (A) 18 waterdispersitte[Clalnp4FAThéthd dieflfermmera eédatng film RaEcorting to any
one of claims 1 to 3, wherein the aqueous epoxy-based poiyamine resin (A) has an amino group
equivaleht 6f 260t 3,000.4aili BF ECrmethétf of FotRfiNG acdfing Thmest dordingTe BRyGhe »
NPP11067PCT of clams 1 to 4, wherein the aqgueous epoxy-based polyamine resin (A) is obtained by
amine-rHodlification of A Ep3RY réSiA - aRd tHe BEE Tes i h &S BR &pdky equivalent of 180 to 3,800.
[Claim 6] A method of formir;g% coatinqﬁfilm %ccorqmgntggny one of Cliﬁ? 1 t%4 whe inbtge

r
agueous epoxy%as%g%%?yuammg tésin ,E)s% hé C<'31queous Soa‘?ﬁ%lc%m osition c%rénlp?i%éss: an

aqueo oxy-based. I ' I b ine- ificat] %%Rm/. ' ) having
an epou%nggfj%/éi%ﬁlogf%¥%@1}?%§§£é§g}gpatlﬁ%gﬁég[ﬁ?gp?c%(f/?ggjsg§ &%ﬁgﬁin reérfi% %Zaéobtained
by amirg)%mg%ﬁc@éiom,oj@@;ew resin (a2) having an epoxy equivalent of 2,300 to 3,200. [Claim 7]
A method of forming a coating filn according to claim 6, wherein a mass ratio of the epoxy resin (al)
and the epoxy resin{ad) Ala2kis 842 10 268 JClaimAmethed ot formingra coalingdilmeaccerding to
any one of claims 1 to 7, wherein the aqueous epoxy-based polyamine resin (A) is obtained by
neutralizatior ehan aflina grewpds an eposyybasedpalyamineresin avite ao-acidyand aneutralization
ratio in the neutra zation is 10% to 70%. [Claim 9] A method of forming a coating film according to any
one NPP1IQ0G7TRCT of Ia,2@0 8, wherein the compound (B) has a viscosity at 25cC of 3,000 mPass or
less. [Claim 10] A method of forming a coating film according to any one of claims 1 to 9, wherein the
compound (B) has a molecular weight of 150 or more and 2,000 or less. [Claim 11] A method of
forming a coating film according to any one of claims 1 to 10, further comprising forming a top coating
layer on thé éBating fiin & eqérr%ﬁg%wﬁfe Ro&thig- il with the agtesds Edatity compésition.
[Cla.im 12] A method of forming a coating film according to claim 11, further comprising forming an
intermettiatd Edating Ryt after e fofming '6f fFRCCOAtI il (ith i 4qGE86uS R84k E8Mposition
and before the forming of the_top coating layer. [Claim 13] A method of forming a coating film
accordir%gtg) aﬁa)‘/lxaer}%f cjlasimBSS) ? td 82,9 %gr;ther comprising forming a undercoating layer on substrate
before the forming of the coating film with the aqueous coating composition.

[{Claim 8] A method of forming a coating film according to any one
of claims 1 to 7, wherein the agqueous 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 8] A method of forming a coating film according to any one
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of claims 1 to 8, wherein the compound (B) has a viscosity at 25°C

of 3,000 mPa's or less.

[Claim 10] A method of forming a coating film according to any one

of claims 1 to 9, wherein the compound (B) has a molecular weight

of 150 or more and 2,000 or less.

[Claim 11] A method of forming a coating film according to any one
of claims 1 to 10, further comprising forming a top coating layer

on the coating film after the forming of the coating film with the

aqueous coating composition.

[Claim 12] A method of forming a coating film according to claim
11, further comprising forming an intermediate coating layer after

the forming of the coating filmwith the aqueous coating composition

and before the forming of the top coating layer.

[Claim 13] A method of forming a coating film according to any one
of claims 1 to 12, further comprising forming a undercoating layer

on substrate before the forming of the coating filmwith the agqueous

coating composition.
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