AQUEOQOUS COATING COMPOSITION Technical Field [0001]The present invention relates to an
agueous coating composition. Background Art [0002]In recent years, from an environmental
standpoint, conversion of a solvent-based coating material into an aqueous coatingmaterial has been
socially required. Example of the aqueous coating material includes a two-component aqueous coating
composition containing an epoxy resin and a polyamine compound (Patent Document 1). The aqueous
coating composition may exhibit sufficient curability at a temperature equal to or more than a room

temperature, and may form a nog,‘ra wg&ﬂ;#\lﬁgwf%%&gﬁﬁ osition is inferior in curability at a
out 5C). Therefore, in the case w

low temperature (for example, a ere the composition is used at a
low-temperature place (for example, outdoor in winter season), the composition involves such a
problem that it is difficult to exert inherent sufficient coating film properties. Prior Art Documents Patent
Documert {0003]Patent-Bagcument 1] JP 11-166153 A Summary Problem to be solved by the
Invention [0004]The present invention has been made to solve the above-mentioned conventional
problem{ @andan object aftibepresentindentionds ¢e pravida: an agueaus sqaling;eompasiting having
excellent low-temperature curability. Means for solving the Problems

composition.

Background Art

[0002] In recent years, freom an envirconmental standpoint,
conversion of a solvent-based coating material into an agueocus
coatingmaterial has been socially required. Example of the aguecus
coating material includes a two~-component agueous coating
composition containing an epoxy resin and a polyamine compound
(Patent Document 1). The agueous coating composition may exhibit
sufficient curability at a temperature equal to or more than a room
temperature, and may form a normal coating film. However, the
composition 1s inferior in curability at a low temperature (for
example, about 3°C). Therefore, in the case where the composition
is used at a low-temperature place (for example, outdeor in winter
season), the compesiticn involves such aproblemthat it isdifficult

to exert inherent sufficient coating film properties.

Prior Art Documents
Patent Document

[CO03] [Patent Document 1] JP 11-1661532 A



[0005]An aqueous coating composition of the present invention includes: (A) a water-soluble or
water-dispersible polyamine resin having one or more primary amine groups and/or secondary amine
groups in a molecule; and (B) a compound having one or more (meth)acryloyl groups in a molecule; in
which: the’BBF)amine resin (A) has an amine equivalent of 100 to 3,000, and the compound (B) has a

viscosity @23 ef,30900BPas19lgss[00Reatimadisstaspect, there is provided an aqueous coating
composition, comprising: (A) a water-dispersible polyamine resin having one or more primary amine
groups anhqgroﬁéconda%)@m%e&%ﬁﬁs Y FAdiedite PR (Bf SltoRiitind hafifg Bhe BFnore (meth)
acryloyl gemipsdnremplasital Whereinnhe-agleoys €9aLRAY CRBOSIHONGS adwW-GompeRent agueous
coating composition that a base coating solution comprises the polyamine resin (A) and a curing agent

comprise®HREESpoutd{®T th8holyhminefesink Ay RAS an affiine E§HFREH of 1881429000, the
polyamine:teghin §A)X-Rama nevtrabzatioreratiorof 1040 -Admpsddhe cenpeuad {B) bgs a viscosity at
25C of 3,000 mPa s or less. [0006]In a preferred example, the aqueous coating composition is a
two-component agueous coating composition; a base coating solution comprises the polyamine resin
(A); and aveuring dgentsomprisgstthe cenywlmdsB). [0007]In a preferred embodiment, the polyamine

resin (A) i @&a%érylic pglxamine resin or 20 enox -based %o ﬁlmine r%s%n. [Qg08]|n a prefg:rred

I
embodiment, compound ?ﬁ}lﬁggg 2a molec Iar?/\?gllé> 2 or More and 2,868%?%55. [0009]In

a preferretrerabadionent, thecComdeeund (BRis a water-saltlle -conipdiing, andithe padyarmine resin (A)
's a waterlispersible, iesin, JOPFONA gpreferied embodiment, the compound B) 15 2. ary

amine groups and/or secondary amine groups in a molecule;

and (B) a:compound having one or more {(meth)acryloyl groups

in a molecule; in which: the poclyamine resin (A} has an

amine equivalent of 100 to 3,000, and the compound {(B) has

a viscogity at 25°C of 3,000 mPa's or less.

foo05al In a first aspect, there is provided an agueous
coating composition, comprising: (A) a water-dispersible
polyamine resin having one or more primary amine -groups
and/or secondary amine groups in a molecule; and {(B) a
compound having one or more (meth) acryloyl groups in a
molecule; wherein: the aqueous coating compogition is a
two-component agueous ceoating compogition that a base
coating solution comprises the polyamine resin (A) and a
curing agent comprises the compound (B), the polyamine
resin {A} has an amine eguivalent of 3100 to 3, 000, the
polyamine resin {(A) has a neutralization ratio of 10 to
70%, and the compound (B) has a vigcogity at 25°C of 3,005

mPa & or less.



self-emulsifying compound. [0011]In a preferred embodiment, the compound (B) is emulsified or
dispersed by the polyamine resin (A). [0012]In a preferred embodiment, the compound (B) is a mixture

of a water-soluble compound and a non-water-soluble compound. [0013]In a preferred embodiment,
the compd@i§ fB) is antf@muRifieBCRRFITIRMA. [(TIANR LorefciiR eRBEGRHIENt, tREXEHRG agent

further comprises aniemulsifier Effpsts-efdbs-lavention Q015] The aguaguseaiNg ¢amposition of the
present invention exhibits excellent low-temperature curability by containing: (A) a water-soluble or
water-disPerSHRE pdiyarhiidre ATV o B TG1eSriftiry BRMHEGidtps BRedt séoridary amine
groups ingnmolecele: ang @By argorpaiicd Bawngpaeimpered@et) acryloyl groups in a molecule.
That is, when the polyamine resin (A) and the compound (B) are used, the resin and compound
becomes highly reactive with each other to promote a reaction even at a low temperature . Therefore,
an aqueoys goating compositiophaviagexaellenblowtermperatunecursbilipgambe ektgined. Further,
a product gbtained by the reaction of the polyamine resin (A) and the compound (B) may have a
structure fgwnedlbsy cr%?slin?{ﬁf@’grjtﬁe p%Rﬁa%ﬁ\Wé?&sin J(E%k%’/“theo&%mﬁéhnae(%i CAridiErte an
aqueous eadtirgrderapasitam having excellent coating film properties can be obtained. Description of
Embodiments [0016]A. Summary of aqueous coating composition

[0008] In a preferred embodiment, the compound (B) hasg a

2a



The aqueous coating composition of the present invention contains: (A) a water-soluble or
water-dispersible polyamine resin having one or more primary amine groups and/or secondary amine
groups in a molecule; and (B) a compound having one or more (meth) acryloyl groups in a molecule,
and the composition cures by the reaction of the polyamine resin (A) and the compound (B) , to
thereby obtain a coating film. [0017]The aqueous coating composition of the present invention is
preferably a two-component aqueous coating composit on including a base coating solution and a
curing agent.dn which the,hase,goating selufionLcontaing theypolyaming tesin (A), and the curing
agent contains the compound (B). When the polyamine resin (A) and the compound (B) are used as
the two-component aqueous coating composition,a combination of thepolyamine resin(A)and the
compound (B) in which the resin and compound are highly reactive with each other can be selected, to
thereby altainjan aquequs coating:cempaesitiambavingexcellenhlowstempenatire (@irahility. 40018]The
content of the polyamine resin in terms of a solid content is preferably 5 to 95 wt%, more preferably 10
to 90 wits with-respettite thedotabsolid content of the agudousrdaatingreampositidn. [0049]Ehe
content of the compound (B) is preferably 2 to 40 wt%, more preferably 5 to 30 wt% with respect to the
total solichentent sbthesdduleduscdating composition. [0020]The ratio of the number of the amine
groups in the polyamine resin (A) to the number of the (meth)acryloyl groups in the compound (B)
(amine group:acryloyl group) is preferably 1:0.5 to 1:1.5, more preferably 1:0.75 to 1:1.25, particularly
preferably 1:0.9 to 1:1.1. It should be noted that, the phrase "number of amine groups" as used herein
refers to ﬁpe]r%mber of tie primRART AfTFE Grotps Phat e the rﬁfh?be?%?ﬁ%@@goﬁairy Amirte groups
is exclude(éi% in thelcaS% where the o!i/agﬂne resin (A) has the primary amine groups in a molecule
(includir?get3 e Case where the ﬁociym Mine resin (A) has the primary amine groups and the secondary
amine groups), or refers to the number of the secondary amine groups in the case where the
polyamine resin (A) has only the secondary amine groups in a molecule. [0021]A pigment, a solvent,

an additjyg, 0f {he like may e blended, as required, intq e ageoys qaling.compasition.of the

present invention. Examples of the pigment include: coloring pigments such as titanium oxide, yellow

iron oxide, rgddron-exideycarban bjack, phthalocyanine blge, phthalocyanine green, azo red,
qguinacridone red, and benzimidazolone yellow; and extender pigments such as calcium carbonate,

barium sulfate, kaolin, clay, and talc. Examples of the solvent include: glycol-based solvents such as
ethylene glycol, propylene glycol, ethylene glycol monobutyl ether, propylene glycol monobutyl ether,
diethyleneiydol, dipropylene ghytel; thethyténreiglyeat-martobutyhettendigiopytenenglycalmmonobutyl
ether, and diethylene glycol dibutyl ether; aromatic solvents such as xylene, Solvesso 100, Solvesso
150, and Salvesso200; hiydrdcaribompased ssivénts such-as:ninerabspikit; andoesterbased solvents
such as 2,2,4-trimethy1-1,3-pentanediol monoisobutyrate (CS-12), 2,2,4-trimethy1-1,3-pentanediol
diisobutyrate (CS-16), diethyl adipate, and diisobutyl adipate. Examples of the additive include a

dispersant, a viscosity adjuster, a curing catalyst, a surface modifier, an antifoamin%; agent, a
[0013] In a preferred embodiment, the compound (B} is an

emulsified compound.

[C014) In a preferred embodiment, the curing agent further

comprises an emulsifier.

Effects of the Invention
[0015] The aquecus coating compositionof thepresent invention
exhibits excellent low-~temperature curability by containing: (A)

a water-soluble or water-dispersible polyamine resin having one



plasticizer, a film-forming aid, a UV absorbing agent, and an antioxidant. [0022]B. Polyamine resin (A)
The polyamine resin (A) to be used in the aqueous coating composition of the present invention may
be any appropriate resin as long as the resin has one or more primary amine groups and/or secondary
amine groups, and is a water-soluble or water-dispersible resin. Examples of the resin include an
aliphatic polyamine resin, an aromatic polyamine resin, and an alicyclic polyamine resin. [0023]The
amount of the amine groups in the polyamine resin (A) is, as an amine equivalent, 100 to 3,000, more

preferably. 500 tq Q0Q, p ticularly_preferably 800.tp 1,500. If the amine equivalent of the polyamine
resin (A) is in sucf%%arjige,%e %%fy%ergiﬁg?g %(ﬁ?%}av?/gtesr-es%?urbﬁ%5?@?&%&585%%& and & coating

fim havingexcelient Jow tamperaue sl eag be oRtpiped.Theamine squvalent s represented

by the molecular weight of a resin solid content per primary amine group in the’ case wheré‘the

polyamine, resin (A hias themnrimary amine:groups oL isrepresented Px%@%'ﬁggé%@ng%@%?f aresin
a

solid content per secondary amine group in the case where the polyamine resin (A) has no primary

amine gr@p aihe asufe eguivatentiof thepalyaminenesiz (Acan he determingd from the bjending
amounts of raw materials. [0024]The molecular weight (humber average) of the polyamine resin (A)

may be enylappiopriate molecularaveightidependisg an dasired septing film sroperties. Fhe molecular
weight is preferably 500 to 20,000, more preferably 1,000 to 3,000 in terms of standard polystyrene
measuréd: by et permeation elfronratpgraphy 4G PC)v kfithe eotedulanweight of thespelyamine resin
(A) is in such range, the polyamine resin (A) can react efficiently with the compound (B) because the
resin caR‘Beadifymixedrwilitthetdompaishd. Meamwhile, ifthe motectilariveightsst the polyamine
resin (A) is in such range, a coating film having excellent anticorrosion property, water resistance, and
adhesiveTroPefty cah b GbRited To0s5The Yladétramnfidi e ngsatatiredf the poiyarmiresresin (A)
maybe any appropriate glass-transition temperature depending on desired coating film properties. The
glass-tréi:}‘nséﬁﬁgrg3 temparatdreis preferabiy 50 161608, tore!freRTABITO RS GE SHR268hé Holyamine
resin (Agpeayboemc%rglv&ite ipto an agueous resin bé neutralization of the amine groups with an acid
before use. The type of the atid and & HeitralizatidhTaio (Retfrafishtor Rt Wittt redpett i the
amine i nine resin before conversion into_an agyeous resin) may be any appropriate
type angg%%%%gﬁgi%%gwd%pgﬁ ﬂ'll;p o%noaeesrlr}kelde Staté of t}ﬁee E%)%frﬁlrﬁ%g}ésin (A) (water-soluble to
water-dispersible form). Examples of the acid include an acetic acid, a formic acid, a lactic acid, and

a phosphoric acid. The neutralization ratio (neutralization ratio with respect to the amine groups in the

polyaminegesindiefore eanvarsion inte-ansaqueous resin) is preferably 10 to 70%, more preferably 15
to 50%. [00271The polyamine resin (A) is preferably an epoxy-based

[0016] A. Summary of agueous coating composition

The aqueous coating composition of the present invention
contains:(A)eawater—solublecnrwater-dispersiblepmlyamineresin
havingoneormoreprimaryaminegroupsand/orsecondaryaminegroups
in a molecule; and {B) a compound having one or more (methjacryloyl
groups in a melecule, and the compositicn cures by the reaction

of the polyamine resin (A) and the compound (B), to thereby obtain

a coating film.

(0017} The agueous coating compositionof the present invention
ispr@ferablywatwo—componentaqueouscoatingcompositionincluding

abasecoatingsolutionandeacuringagent,jjzwhichtjmabasecoating



polyamine resin obtained by amine-denaturation of an epoxy resin or an acrylic polyamine resin
obtained by amine-denaturation of an acrylic resin. Of those, the epoxy-based polyamine resin is
particularly preferred. This is because, if the resin is the epoxy-based polyamine resin, it is possible to
obtain an agueous coating composition which is more excellent in anticorrosion property. That is,
when the epoxy-based polyamine resin serving as the polyamine resin (A) and the compound (B) are
used, it is possible to obtain an agueous coating composition which can form a coating film that exerts
excellent anticorrasion prapgrty comparahle o gr.superiqr tq fhat of a. conventional @ Xydgein coating
composition including an epoxy resin and a polyamine compound even at a low temperature.
[0028]The epoxybased palyamineJesin;and peadicpolyamine, resin can be-ohtained by any
appropriate denaturation method. Examples of the denaturation method include: a method of adding a
primary esmipe graup-gontainirg podmingsto an&paxysesisni-ae aerylisfesiv, and-a methgd of
adding a ketiminated amine group-containing compound to an epoxy resin or an acrylic resin. The
polyaminenrpsini(A) obfainedrasidesctibed ahovedes, one: orrere: primary amine-groups and/or
secondary amine groups, and secondary hydroxyl groups in a molecule. The polyamine resin may be
a resin dBtained b aaeactionof pant eftheqprimanyramine=groups] seceadary aminetgrospshand/or
hydroxyl groups in the polyamine resin (A) with a compound having a functional group such as an
epoxy gPéls an @@l aithydifdeegrotp, artacid-halogln grdipa drarrisocyanate:grogpaf arpolyaminer
resin obtained by a reaction of such functional group is included as part of the polyamine resin to be
used, pRySIEAHropErticd Bf v skttt coalifg Hft chAfieeadjisted. [PORIPERE fMgthod of adding the
primary amine group-containing polyamine to the epoxy resin or acrylic resin is a method involving
reacting a primary amine group in the primary amine group-containing polyamine with a reactive group

inthe e in or acrylic resin (such a epo royp) to form a secondary amine group, resulting
in prodli?c(al;%z%ﬁz epoxy-%gseeg %%F)%%Tnegre%s?heo? é%?%fgjp%ﬁ/gr%ﬁ'ﬁenrejs% %%WT%/ fhie 2et8ridary amine
group. [QQ3QLThe Tgtf}gpqu‘ atd%gﬂg&th? kLeOtir@iQa&etdgaminoe rou %@%‘BT clo(gn[%%u%towtgg epoxy
resin or acrylic resin is'a method involving reacting tHe ketiminated amine roup-containing”compound
with the, epoxyresiporacpylic/gsinand theq lydrolyzing the ketimipg gr ol !eoo(%mcaoe%m@g_ amine
group, resulting in producing the epoxy-based polyamine resin or acrylic p leamlne resin h ing the
primary - aming areuplt should be noted that the reaction of the ketiminated amine group-containing
compound with the epoxy resin or acry Ic resin may be carried out in the presence of a secondary
amine such as diethanolamine, methylethanolamine, or diethylamine [0031]As the epoxy resin, any
appropriate epoxy resin may be used. The resin is preferably a bisphenol A-type epoxy resin or a
bisphenol Fitype epoxyTesingandds particutardy preferablyia tisphenalA-typesepaxyeresin 4[032 JThe
epoxy equivalent or the epoxy resin may be determined depending on desired coating film properties.
The epoyfequivalentissdreferably 180 to 2000t tnore Preferalply 400tto 1,560k the epoxy équivalent
of the epoxy resin is in such range, a coating film having excellent water resistance, anticorrosion
property CAhdcadhésive: o petiyainch & 8Bfairiet. J0083]Ehaircalongation of the epoxy resin may be
carried out

[0020) The ratio of the number of the amine groups in the
polyamine resin (A) to the number of the {meth)acryloyl groups in
the compound (B) {amine group:acryloyl group) is preferably 1:0.5
tol:1.5, morepreferably 1:0.75to 1:1.25, particularly preferably
1:0.2tol1:1.1. It shouldbenotedthat, the phrase "number of amine
groups" as used herein refers to the number of the primary amine
groups (that is, the number of the secondary amine groups is excluded)

in the case where the polyamine resin (A) has the primary amine



by a reaction of an active hydrogen-containing compound capable of reacting with an epoxy group with
an epoxy group to increase the molecular weight of the resin or to denature the resin. Examples of the
active hydrogen-containing compound include a bifunctional compound such as a dimer acid, diamine,
or polyether polyol . [0034]Depending on applications, before amine denaturation, the number of
epoxy groups in the epoxy resin may be decreased by adding a fatty acid to reduce sites to be
amine-denatured and lower the reactivity before use. [0035]Any appropriate acrylic resin may be used
as the acr, CI)igl ressin. Aan I%.Ctj}/ﬁc resin qbtained by co onmerizin%a monomer composition containing a
radical polymerizable monontet Havifiy anspoxy &l%ﬁpcﬁﬁcﬁo‘f’ SHigcielyPgRsupyRprafered iBxamples
of the ragdical rz oQnomer having an epoxy, group and/or a glycidyl group include glycidyl
acrylate,%%?c%%%?é%a%%?a%,r rhethyl glyCiayl Aeryats: mathyt Gyt methRdifateroups)

o epouccbhenineihienlan o s shodaloineleticylate loppeleranpes o

the primary amine group-containing polyamine inclu iéhe
d|bytylemﬁfélﬁ€1!ﬂﬁeaﬁg w%tjaylgge@@rgmgg Theymay lﬁ%%d ggoggno N coa%qlggt|8r£.0%§7]The
ketiminated amine group-containing compound can be obtained by reactlngya primary-ami
group-cantaining cempound with ketone. Examples of the primary amine group-containing compound
include: primary amine group-containing polyamines such as diethylenetriamine, dipropylenetriamine,
dibutylenetriamine, and triethylenetetramine;aminoethylethanolamine; methylaminopropylamine;
andethylaminoethylamine. Theymaybe used aloneorincombination.
Examplé$dftheketoneinéludémethylethy| ketoney acetane; @ntdiymethy! isebuty ketore {00381C.
Compound (BE The compound (B) used in the aqueous coating composition of the present
inventioR: of dreqriethyhcryloylgioupsineemotectlet ing composition of the
present invention. Examples of the pigment include: coloring
pigments such as titanium oxide, yellow iron oxide, red iron oxide,
carbon black, phthalocyanine blue, phthalocyanine green, azo red,
quinacridonered,andbenzimidazoloneyellow;andextenderpigments
such as calcium carbonate, barium sulfate, kaclin, clay, and talc.
Examples of the solvent include: glycol-based solvents such as
ethyleneglycol,propyieneglycol,ethyleneglycolnmnobutylether,
prepylene glycol monobutyl ether, diethylene glycol, dipropylene
glycol, diethylene glycol monobutyl ether, dipropylene glycol
monobutyl ether, and diethylene glycol dibutyl ether; aromatic
solvents such as xylene, Solvesso 100, Solvesso 150, and Sclvesso
200; hydrocarbon-based solvents such as mineral spirit; and
ester-based solvents such as 2,2,4-trimethyl-1, 3-pentaneadiol
mcnoisobutyrate (C5-12), 2,2,4~trimethyl-1,3~pentanediol
diisocbutyrate (CS-16), diethyl adipate, and diisobutyl adipate.

Examplesof1jwaadditiveiﬁcludeeadispersant,(aviscosityadjuster,

a curing catalyst, a surface modifier, an antifoaming agent, a



[0039]The molecular weight of the compound (B) is preferably 150 or more and 2,000 or less, more
preferably 200 or more and 1,700 or less, particularly preferably 250 or more and 1,300 or less. If the
molecular weight of the compound (B) is in such range, the polyamine resin (A) and the compound (B)
can be easily mixed without using a special mixing device , to thereby obtain a coating composition
having excellent dispersibility. As a result, the polyamine resin (A) and the compound (B) can react
with each other efficiently, to thereby obtain an aqueous coating composition having excellent
curability.- I noted that the- molecular wejght_of cqompound (B) can be calculated from the
chemica%? %r%el%gg[g%eﬁéﬁ e%]ﬁ:rfn%g%ﬂﬁ"g aneath a(crﬁoy grocf(}f)slﬁ% g'¢ m%%ﬁﬁa ! (@ﬁé 1%t more,
preferably, 2 g 4 Thenumber of the (meth)acryloyl group in the compound (B) may be determined
depending on desired coating film properties. [0041]The viscosity of the compound (B) at 25C is 3,000
mPa.s or less, preferably 50 mPa.s or more and 3,000 mPa.s or less, more preferably 50 mPa.s or
more and 2,200 mPa.s or less, particularly preferably 50 mPa.s or more and 1,100 mPa.s or less. If
the viscosityzafithe compauneb(B)as imsueh:Eange; the polyamine resin (A) and the compound (B) can
be easily mixed without using a special mixing device, to thereby obtain a coating composition having
excellent disperSibiity. Asyaresult rthepolyaminesesia (A and the eampoynd (B} can seactyvith each
other efficiently, to thereby obtain an agqueous coating composition having excellent curability.
[0042]Exarmipiesicfithe compbend (B} rcludepelymerizableyuhsaturgtedomonoedrboxylie acid ester
compounds of polyhydric alcohols (such as ethylene glycol diacrylate, ethylene glycol dimethacrylate,
triethyleR@ diyes didcryiate, tretHyléreglyesl dimeathacrylaté etraethylere glycokdiaerytater
tetraethylene glycol dimethacrylate, 1,3-butylene glycol diacrylate, 1,3-butylene glycol dimethacrylate,
trimethytolpfdpane tridtniate Lrinketnyfolprpane  firtethacryidte Sl biraRedior dinerytait L
1,4-butanediol dimethacrxlate, neopentyl glycol diacrylate, neopentyl glycol dimethacrylate,
1,6-hex&EdiBl diachyia: T % Hexalfediof dimetiatbiiaté héntdehfthiifo Riiastiate oeReERythritol
dimethaacf[ylgtreo ﬁg@tger tQ itol _triacrylate,, entaeré}/thritol imethacrylate, pentaerythritol

n rof diac 5%?§§7€er%1ﬂ]iﬁﬁ%?ﬁéb?yléf°e?di9cerolacroxy

tetraacrylaté pentaerythroneramethacrylate, giye

[0023] The amount of the amine groups in the polyamine resin
(A) is, as an amine eguivalent, 100 to 3,000, more preferably 500
to 2,000, particularly preferably 800 to 1,500. If the amine
equivalent of the polyamine resin {A) is in such range, the polyamine
resin (A) is water-soluble or water-dispersible, and a coating film
having excellent low-temperature curability can be obtained. The
amine equivalent is represented by the molecular weight of a resin
solidcontentperprimaryaminegroupjjlthecasewherethepmlyamine
resin (A) has the primary amine groups, or is represented by the
molecular weight of a2 resin solid content per secondary amine group
in the case where the polyamine resin (A) has no primary amine group.
The amine equivalent of the polyamine resin (A) can be determined

frem the blending amounts of raw materials.



dimethacrylate,1,1,1-trishydroxymethylethanediacrylate, 1,1,1-trishydroxymethylethanedimethacrylate,
1,1,1- r shydroxymethylethanetriacrylate, 1,1,1-trishydroxymethylethanetrimethacrylate,
1,1,1-trishydroxymethylpropane diacrylate, and 1,1,1-trishydroxymethylpropane dimethacrylate),
adducts between epoxy group-containing, ethylenically unsaturated monomer and carboxyl
group-containing, ethylenicallyunsaturatedmonomer (such as a reaction product between glycidyl
acrylate or glycidyl methacrylate and an acrylic acid, a methacrylic acid, a crotonic acid, or a maleic

acid) and polymerizable yasgiraied mpnacarhexylc agiikamide comnounds,of pabyamipes fsuch as

ethylenediamine diacrylate). They may be used alone or in combina 0043 Ibed above,
the compoynd @)>i§zé%ﬂyg%%oa%§:§@%9§@§&fﬁ§w&a%ly mixed with (capaple of reacting.with) the
polyamine resin (A). Preferably, the polyamine resin (A) and the compound (B) are used in an
inhomogeneousstatel in sucha rangesthatthe resin apd:compeunshean besasiy mixed: (cam react
with each other). More preferably, the compound (B) and the polyamine resin (A) are used in different
phase stateg.dpsuth states, an edeutelregctionoprogress of the pakyaminente sir (A antthed
compound (B) can be inhibited to appropriately adjust the reactivity. Therefore, for example, in the
case of psingsthg agueasacoatng compesitigre ofrthetpresentfinventioryisarsed assa tWwo-cdmiponent
coating material, an aqueous coating composition having excellent handling property can be obtained.
Preferréehéxaim plesiof aife weites inclideha dase wihera ehe eammpolihd (B) isra watdy-seluble
compound, and the polyamine resin (A) is a water-dispersible resin; a case where the compound (B) is
self-emefyiRg AT acase Siete the comipotRadB) Ridmalsficelor didpérséd bytreRpiEiine resin
(A). It should be noted that a determination of whether the compound (B) is "non-water-soluble”,
"water-sofubl&€ 6 “tr-dr@sifyig cahiBe Made™®By oding 5§D theConpbund WBPRIL60 g of
water at room temperature; stirring.the mixture (e.g., for 3 minutes): allowing the mixture to stand s-'
(e.g., foygﬁanﬂlﬁ"’u ég)ef and h{éﬁeobr% %\ﬁﬁéﬁ ¢ sthre %%Eaﬁ . Aftét & oJV\)iﬁal{ﬁl Mixttre' to éﬁan]dsstill, if the
mixture contains precipitate, the compound. is judged to be.'non-water-soluble”, if the mixture contains
0 prec I A ARt T e S hoas 0 B niater SOl Bs e e domtains
no precipitatg.and is;turhigthe compoundisjydaed.to be tself-emulsifying”. [0044]In the case where
the compound (B) has been denatured by, for example, polyethylene oxide, the compound may be
converted into a water-soluble or self-emulsifying compound by increasing the ethylene oxide addition
mole number to enhance its hydrophilicity. [0045]Examples of the water-soluble compound (B) include

ethoxylated bisphenol Ardiacsylates (EQ-30 mal), ethoxylatediture of the polyamine resin
(A) may be any appropriate glass-transition temperature depending
on desired coating film properties. The glass-transition

temperature is preferably =50 to 100°C, more preferably 0 to 50°C.

[00Z8] The polyamine resin (A} may be converted into an agueous
resin by neutralization of the amine groups with an acid before
use. Thetypeoftheacidandaneutralizationratio {(neutralization
ratic with respect to the amine groups in the polyamine resgin before
conversion into an agueocus resin) may be any appropriate type and
neutralization ratio depending on desired state of the polyamine
resin {A) (water-socluble to water-dispersible form). Examples of

the acid include an acetic acid, a formic acid, a lactic acid, and



trimethylolpropane triacrylate(EO 20 mol),ethoxylated trimethylolpropane triacrylate(EO 30
mol),ethoxylated pentaerythritol tetraacrylate (EO 35 mol), ethoxylated glycerin triacrylate (EO 20 mol),
and ethoxylated bisphenol A dimethacrylate (EO 30 mol). They may be used alone or in combination.
It should be noted that, for example, the expression "EO 30 mol" as used herein means that 30
ethylene oxide groups are contained in the molecule. [0046]Examples of the self-emulsifying
compound (B) include polyethylene glycol #400 diacrylate (EO 9 mol), polyethylene glycol #600
diacrylat 14 mol), polyethylene glycol #1000 diacrylate (EO 23 mol), ethoxylated bisphenol A
diacrylat% %E%Sf) e et b‘f-gp FEd AZGYaTE (D36 mbh - etioxyiated giy&érin- fiacrylate

mol), ethoxylate

(EO 9 mgl),, ylene o] 0 dimethacrylate (EO 23 mol).. They may be used alone or in
.,=.combinati%%ﬁoo47 é)%@m rﬁgs gﬁ%e%@%%oﬁ%%@sthgtnm%é Be %%ﬁ@i%é& or ldies%}e/’i)s fiie

polyami@@ﬁe@@g@bmchqggopcg%etgﬁlgg&gvlyqpé gggg) diacr I%%@%ﬁ mo%e hgxgl 6ed I%Ig henol A
diacrylate (EO 3 mol), ethoxylated bisphenol A diacrylate (EO 4 mol), pfopoxylate |éphenoﬁ3A
diacrylater?Q 3P0k, 1,40:decanediol diacrylate, tricyclodecanedimethanol diacrylate, ethoxylated
2-methyl-1,3-propanediol diacrylate (EO 2 mol), neopentyl glycol diacrylate, 1,6-hexanedioldiacrylate,
1,9-nonanedioldiacrylate, dipropylene glycol diacrylate (PO 2 mol), tripropylene glycol diacrylate (PO 3
mol), polypropylene glycol #400 diacrylate (PO 7 mol) , polypropylene glycol #700 diacrylate (P012
mol) , ethoRkilated trimethylolpropanetriacrylate (E QA3 mal), ethaetated driathyplpropanatriacrylate
(EO 9 mol), trimethylolpropane triacrylate, propoxylatedtrimethylolpropanetriacrylate ( PO 3 mol ) ,
pentaerPhriGtidcty gs lathokylatetsse itaesythritot titraacrytate i(EO 4fnal), ditdmethyialpropane
tetraacrylate, propoxylatedpentaerythritoltetraacrylate ( PO 4 mol) , propoxylated bisphenol A
diacrylate (PG 4mbl L éthyhevgijiddl direthaeriiieBo=tniy) adiethytetmglycaldimethactylate (EO
2 mol) , triethylene glycol dimethacrylate (EC) 3 mol), tetraethylene glycol dimethacrylate (EO 4 mol),
polyethylBné G EbI#4G0 ittethalfyl B ED 9 HhGY), SRAyEIMYIEHE Glyieol #6800 timethasrylate (EO 14
mol), 1,3-butanediol dimethacrylate, 1,4-butanediol dimethacrylate, 1,6-hexanediol dimethacrylate,
1,9-nonanadior dintdthacriiate. Bthei lated bispheRol 26 GmEiRacryfatectED L6hal), Bthoxgfated
bisphen imethacrylate (EO 4 mol), ethoxylated bisphenol A dimethacrylate (EO 6 mol),
ethoxylagtgé%ggigle%%ﬁﬁf&%%ﬁal&?la]f)eé TEQ"10 Moty defsiytated bishiiahot K diffethaSs Rt (EO 17
mol), neopen ly ' cryla xylated polypropyle lycol, #700dimethacrylate (PO 12=1,
EO 6mol), glécﬁ(%ntjgi%nhgtﬂr?i%%% t:ﬁ)}}gpy enie%Iy(%:nglﬁ%'r(ne?r%éceryﬁi]l%L%%POIBO m%f& :bg@%%oopi/lr@ﬁé glycol
#400dime! e ( oh) . tri lolprop imethacrylate, hoxylated trimethylolpropane
trimethrapi:r%]gféewgglo 9%%%? T%Eégl rrﬁz%%g l?lségedégggg o?r)?ng%g,m ign]é ioqr"i.?f(‘)%4 eia$ﬂlﬂft-%‘ cso?ﬁ:ggilr% (B) may

be preferabrusestas,amixture o anwater-saluble- scempepnd and apgn-water-soluble compound. If
such mixture of the water-soluble compound and the non-water-soluble compound is used, the

non-waterssolitile compounsican:he sasdy inirosiiced-iatoareaction system byrthe water-sqluble
compound. Further, the resultant coating material is excellent in low-temperature curability . Examples

of the waterssiublercofripound havingeere: ok merecimeth)eacryloyt geanpsdn gomoleewe diclyde the
above-mentioned water-soluble compound (B). Examples of the non-water-soluble compound having

one or [FHoFE frhath) achioyl yrewrsinia moleculé iclude a compoundiwhish ispotcompletely soluble
in water, such as propoxylated bisphenol A diacrylate (PO 4 mol). The mixing ratio of the water-soluble
compoUritf B) shd e ndnwaterlseliBéidohipo 6RE (B) {#ater sollblemonswates-solubte)ist

preferabl\)f/ 1/9 to 9/1, more preferabl;/ 2/8 to 8/2. [00491In one embodiment, before mixing of the
%%sﬁF a low temperature.

polyam%e
[0028] The epoxy-based polyamine resin and acrylic polyamine
resin can be obtained by any appropriate denaturation method.
Examples of the denaturation method include: a method of adding
& primary amine group-containing polyamine to an epoxry resin or

an acrylic resin; and a method of adding a ketiminated amine



(A) and the compound (B), the compound (B) may be diluted with an organic solvent. Examples of the
organic solvent include ethylene glycol monobutyl ether (BC) and diethylene glycol monobutyl ether
(BDG). When the compound (B) is diluted in advance with an organic solvent as described above, the
polyamine resin (A) and the compound (B) can be easily mixed without using a special mixing device,
to thereby obtain a coating composition having excellent dispersibility. As a result, the polyamine resin
(A) and the compound (B) can react with each other efficiently. [00501In another embodiment, the
compou gc@%_:ws a temul%ion. That is, before mixing of the polyamine resin (A) and the compound (B),
an emul@ifier ay %e mixed with the %%rr%%ogu%da (B)?%Pﬁ‘rve (%rgﬁguﬁ& (BY sy Be- Shui&ified or
disperseg, by, & dispRtsant, 4 emylsiien, oL an AQueOUs. 1esin Moreover, i the case where the

. e oY more
aqueous coating composition of the present invention is a two-component aqueous coating

composﬁ)@ﬂ@@ﬁ@ﬂ%@ﬁ@@%ﬁﬁgﬂ&%{d@%@dggéé%!%%?—bg}ﬁ%%e’&@%@sw@%a@&g%ﬁf such

I

treatment is carried out, the polyamine resin (A) and theé compound (B) can be mixed wit oﬁ%lusing a
special mjxing gevieg: e therehy-ob@inacoatingcpmpesitien, hawing.excellent dispersibility,, As a
result, the polyamine resin (A) and the compound (B) can react with each other efficiently. Further, if
such treatrnentiscCarriedrautctheccomppund (B) carhertreated as a-Rophazardous-material A
nonionic emulsifier, an anionic emulsifier, or the like may be used as the emulsifier. Examples of the
nonionie¢emutsifiertinglede anpolyoxyethylens alkylpghensol ethet ha: polydxyethylenestyrenated phenyl
ether, a polyoxyethylene alkyl ether, a polyoxyethylene-polyoxypropylene block polymer, and a
sorbitari'fafty dcié @afesr Examples ot the Amioric emulsifieringludech odecytbenzenesulfonio acid salt,
a dialkyl sulfosuccinic acid salt, a polyoxyethylene alkyl ether sulfuric acid ester salt, a polyoxyethylene
styrenafddl feity| etheiStifdfic Yt Ester Baft Cand A laligs digheriyPether disulfomic eidasat.
Examples of the dispersant include sodium polyacrylate and an ammonium salt of a half ester of a
styrene HhaIRIE acio ' BFSIyal L BRmpies of trictaqieousresmahénine & seaiufianttdiapslyacrylic
acid este}g. OOSJ%irigtilkagotger embodimeten , before mixing of the polyamine resin (A) and the
compound (BJ, the"compound {B)ay 5 dii'ﬁe?soe]dnﬁ"hlﬁigp%%ﬁﬁ ElRMBM BF A rédhy Biffeént from
the polyami in(A) -Examples, of the dispersing element of the resin.include an emulsion and
dispers%%c?fgagr?ggrélic% fes?n gf‘% ‘g’h%earﬁglsi'oor%zrﬁl gisb:éf“sliloncgf1 a ?et%gﬁg F&§R When the compound
(B) is dispersed in the dispersing element of the resin in advance as described above, the polyamine
resin (A) and the compound (B) can be mixed without using a special mixing device, to thereby obtain
a coati geomposition havingexcell I :sibil , the pal ine resj nd the
compougnd (B)ican react with each %gﬁ%ﬁ?&%ﬁtI%%%%géﬁ%%%%néﬁﬁgtgh}é%@w g'(?ﬂggg%ﬁaéggs coating
compositiaryefithespresentdnuention may: beapplied to;any-appropriate mattes to he,coafed A typical
matter to be coated is a surface of iron. [0053]Examples of a method of applying the aqueous coating
compositeTofithe presentinventiondanghdecbtushicoatingnainsprays aifess sprayy aad Koliey
application.

polyamine with a reactive group in the epoxy resin or acrylic resin

(such as an epoxy group} to form a secondary amine group, resulting
in producing the epoxy-based polyamine resin or acrylic polyamine

resin having the secondary amine group.

[0030] The method of adding the ketiminated amine
group-containing compound to the epoxy resin or acrylic resin is
a method involving reacting the ketiminated amine group-containing
compound with the epoxy resin or acrylic resin and then hydrolyzing

the ketimine group to form a primary amine group, resulting in

10



[0054]The application amount of the aqueous coating composition of the present invention maybe set
to any appropriate application amount depending on applications. In general, the amount is preferably
10 to 300 g/m2. [0055]A method of drying the aqueous coating composition of the present invention
may be any appropriate drying method. The method is preferably natural drying or heat drying. That is,
the aqueous coating composition of the present invention may be used as a coating composition
capable of curing at ordinary temperature, or may be used as a coating composition capable of curing

by heati Ol%r&e casg %fgatural_ rying, the drying time is preferably 24 hours or more, more
preferably T week of more. Examples fOoBBIHEBIHARELE tHe prEseht ivention isdestriiecimmore

detail by;yvay: Q wever, the present invention is not limited to the examples. It should be
noted that, unlet]sese(gtgt:gﬁgg g Soitiett 855?@5’ and?%? e Ekampres eidby wéight Farhenn
evaluatigrritems inthe .exampl follows. [0057](Coating film condition) ~  Coating materials

i et [Conz]a(lmﬁ ppiied VG d'giass prateaird dried (for

obtained in Examples and Comparative ExamplesS weré eac
24 hours)at 256+ and-the; coated; glas: @étgé’ﬁsi‘éié%@g served to evaluate the coating film for its
burnish, transparency, and coating filrr? defects such as |I%?€§S-l%ﬁd: %issgfﬁ%%.ogu?rﬁ%&%@mﬁ/
burn Ljsg?ymma aderately buenishadbx:Nothurished, Transparency;, No gr little turbidity A: Moderate
[0031] As the epoxy resin, any appropriate epoxy resin may be
usec. The resin is preferably a bisphenol A-type epoxry resin or

a bisphenol F-type epoxy resin, and is particularly preferably a

bisphenol A-type epoxy resin.

[0032] Theepoxyequivalentoftheepoxyresinmaybedetermined
dependingcnzdesiredcoatingfilmpmoperties, The epoxy equivalent
is preferably 180 to 2,000, more preferably 400 to 1,500, If the
epoxy equivalent of the epoxy resin is in such range, a coating
film having excellent water resistance, anticorrosion property,

and adhesive property can be obtained.

{00331 Chain elongation of the epoxy resin may be carried out
by a reaction of an active hydrogen-containing compound capable
of reacting with an epoxy group with an epoxy group to increase
theﬁwlecularweightoftheresinor?x;denaturetheresin. Examples
of the active hydrogen-containing compound include a bifunctional

compound such as a dimer acid, diamine, or polyether polyol.

11



x: Severe turbidity Coating film defects0O: No or few blisters and cissings A: A few blisters and cissings
x: blisters and cissings across the surface (Curability) The coating materials obtained in Examples
and Comparative Examples were each applied onto glass plates and dried (for 24 hours) at 25C and
5C to obtain coating films. The coating films were each rubbed with gauze impregnated with methyl
ethyl ketone (MEK) at the same temperature as that in its application and drying, and the number of
times of reciprocation until a glass base material was exposed was measured . It should be noted that

the notatigns 200" in the tables:means that the glass base naterial was poyexposed.euenwhen the

number reached 200. Further, if thé number of times of reciprocation until exposure is 100 or more, the

coating filna i, gvaluated-te.Be.acceptable; (Anticarrosiongroperty), ma Jhe-caatingfimsobtained in

Examples were each applied onto a sandblast plate using a brush at 200 g/m2 and dried at 20C for
seven days.itedherely obtain aitest sperimens A eyclecorsosiontestispeeified i3 K 5600 7-7, was

carried out for the test specimen. After 12 0 cycles , the coating film condition was confirmed based on

the followtirg erterial vit  Hesratioof @eorrosion area in a coating film with respect to the surface of

the test specimen. (c): less than 0.05% O:
[0035] Any appropriate acrylic resin may be used as the acrylic
resin. An acrylic resin obtained by copolymerizing a monomer
compesition contalning & radical polymerizable monomer having an
epoxy group and/or a glycidyl group is preferred. Examples of the
radical polymerizablemonomer having anepoxy group and/oraglycidyl
group include glycidyl acrylate, glycidyl methacrylate, methyl
glycidyl acrylate, methyl glvcidyl methacrylate,
3,4~epoxycyclohexylmethyl acrylate, and 3, d-epoxycyclohexylmethyl

methacrvlate.

[0036] Examples of the primary amine group-containing
polyamine include diethylensetriamine, dipropylenetriamine,
dibutvlienetriamine, and triethylenetetramine. They may be used

alone or in combination.

[0037] The ketiminated amine group~containing compound can be
obtained by reacting a primary amine group-containing compound with
ketone. Examples of the primary amine group-containing compound
include: primary amine group-containing polyvamines such as

diethylenetriamine, dipropylenetriamine, dibutylenetriamine, and

12



0.05% or more and less than 0.1% A: 0.1% or more and less than 0.3% x: 0.3% or more
[0058][Production Example 1] Preparation of polyamine resin (epoxy-based polyamine resin) 702 parts
of an epoxy resin having an epoxy equivalent of 188,

triethylenetetramine; amincethylethanclamine;
methylaminopropylamine; andethylaminoethylamine. Theymaybe used
alcneor incombination. Examples of the ketone include methyl ethyl

ketone, acetone, and methyl iscbutyl ketone.

[0038] C. Compound (B)
The compound (B) used in the aguecus coating compesition of
the present invention has one or more (meth)acryloyl groups in a

molecule.

[0039] The molecular weight of the compound (B) is preferably
150 or more and 2,000 or less, more preferably 200 or more and 1,700
or less, particularly preferably 250 or more and 1,300 or less.
If the molecular weight of the compound (B) is in such range, the
polyamine resin (A} and the compound (B) can be easily mixed without
usingaspecialmixingdevice,totherebyobtainacoatingcomposition
having excellent dispersibility. As a result, the polyamine resin
(A} and the compcund (B) can react with each other efficiently,
to thereby obtain an agueous coating compesition having excellent
curability. It should be noted that the molecular welght of the

compound (B} can be calculated from the chemical formula.

[0040] The number of the (meth)acryloyl group in the compound
(B} is 1 ormore, preferably 2 to 4. The number of the (meth)acryloyl

group in the compound (B} may be determined depending on desired
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which was synthesized from bisphenol A and epichlorohydrin, 269 parts of bisphenol A, 108 parts of
dimer acid, and 190 parts of methyl isobutyl ketone (hereinafter, referred to as "MIBK") were fed to a
reactor equipped with a stirrer, a cooler, a nitrogen injection tube, and a thermometer, and the mixture
was allowed to react in the presence of 1 part of benzyldimethylamine at 117C until the epoxy
equivalent reached 1,270. After that, 255 parts of a ketimine compound of aminoethylethanolamine (73
wt% MIBK solution) were added thereto, and the mixture was allowed to react at 117C for one hour.
Subseq%%%ﬂé/iltllﬁe @)S%re was éjlr| tlegswith MIBK until a nonvolatile content of 75% was achieved, to
thereby obtain a epoxy-b%se%l polyamine resin having a number average molecular weight of 2,400
and an amine equivalent of 1,184. [0059][Production Example 2] Emulsification of epoxy-based
polyamine resin Acetic acid was added to the epoxy-based polyamine resin obtained in
Productipnigxample 1 sqithat aneykralizaien-iatio. (neuralizatign 1io gk the resindased on amine

groups) of 20.0% was achieved, and the mixture was diluted with ion-exchange water. After that, a

mixture of MIBKsang waterrwas ferwmvec:under-regucedspressureyuntila salid content of 40, wt% was
achieved, to thereby prepare Emulsion I. [0060][Production Example 3] Preparation of polyamine resin
(acrylic polyamins iesin 670 pastscafiiENwerefed, o reaciosequipped wyith astitrer, a cogler, a
nitrogen injection tube, a thermometer, and a dropping funnel, and the mixture was heated to 110C. A
solutionrcontaining L 5400pals of styremes 400ipartsidf mEhutyl aerylate; .14Q parts-of phyeidyl « v
methacrylate, 100 parts of MIEN, and 20 parts of t-butyl peroctoate was added dropwise over three
hours to*thetrfedctsiusimg: thel @ropping furneathAfter gempletiorpofithemropwisesadditian, thedmixture
was maintained at 1 10 C for 30 minutes , and then a solution containing 2 parts of t-butyl peroctoate
and 50 pats FRAER Has added di8piise-6veR 30 Rinttéd Afteredmplatiereftheldrdpwise addition,
the reaction was further continued at 110C for one hour, to thereby obtain an acrylic resin varnish

having & R8nYSlatile coMErtiheIabing Epdky GolipSfof60% 6 11970 hars bt fsskiant vamish

were adcﬁjed 2@5r58|g%rt of a ketignine corrdﬁfun of aminoethylethanolamine (73 wt% MIBK solution),

and the Thixture was allowed t& et A L17C 137 Sife Klir- 16 tHereby ' GBtam Ah s AAEssaAine

resin having a humber average molecular,weight of 10,000 and an amine equivalent of,1,184.
[0061][P¥%}duct€)n E?ér%leﬁ]gﬁegm%fsﬁca?g%%% aec%f/ ijcdploéfyné:n?%é r%gintq'hler etic¢a¢ia WasHdded to

the acrylig polyamine resin pbtained in Pradugtion Examp) t 3 fjsytralization ratio
(neutraliz%tion ratio of the rgeosin bagsed on amine grlou“p;% o?%%.ﬁo%g{aw%%rf&%vié%? 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 wt% was achieved, to thereby prepare Emulsion II.
[0042] Examples of the compound (B} include polymerizable

unsaturated monocarboxylic acid ester compounds of polyhydric
alcohols (such as ethylene glycol diacrylate, ethylene cglycol
dimethacrylate, triethylene glycol diacrylate, triethylene glycol
dimethacrylate, tetraethylene glycol diacrylate, tetraethylene
glycol dimethacrylate, 1,3~butylene glycol diacrylate,
1,3~butvlene glycol dimethacrylate, trimethylolpropane
triacrylate, trimethylolpropane trimethacrylate, 1,4-butanediol
diacrylate, 1,4-butanediol dimethacrylate, neopentyl glycol
diacrylate, neopentyl g¢glycol dimethacrylate, 1,6~hexanediol
diacrylate, 1, 6-hexanediol  dimethacrylate, pentaeryvthritol

diacrylate, pentaerythritol dimethacrylate, pentaerythritol
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[0062][Production Example 5] Preparation of polyamine resin (epoxy-based polyamine resin) 742
parts of an epoxy resin having an epoxy equivalent of 188, 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 in the presence of 1 part of benzyldimethylamine at 117C until an epoxy equivalent of 1,270 was
achieved. After that, 350 parts of a ket mine compound of diethylenetriamine (73 wt% MIRK solution)

were added thereta, .and the mixture was allowed to react at 11 7 C for 1 hour.. Subsequently, 27 parts
of ion-exchangé%vater én(ﬁ%gtggrﬁ/ 8 éllyléi%\gl nggéénga%r%%%é: ((J:gr%%fa @WE?W& d-fie eto, and

the mixtys-was allgwed do react.at 100C for,2 haurs. Af %&eﬂﬁa@kgﬂ@t@% dilyted with MIRK

until a nonvolatile content of 75% was achieved, to thereby obtain an epoxy-based %o@a?mne resin

having ainumber average mglegularveight QE%@QQW@@@Jne qum@{%ﬂ&{ 947. 4 crox
[0063][Production Example 6] Emulsification of epoxy-based polyamine resin Acetic acid was
added ta the=epexy-basedtpolyamine resin obiained-inkreduston Example 5 seithat-a neptralization
ratio (neutralization ratio of the resin based on cationic groups) of 20.0% was achieved, and the
mixture Wwak, dituted withy don-exclangel waternAfter that, a mixture of MIBHK and waterwasdemoved
under reduced pressure until a solid content of 40 wt% was achieved, to thereby prepare Emulsion III.
[00641[Exampleti]ishyTig 2:0968@:péarts of Eanusion | obtained in Production Example 21as-a polyamine
resin (Agl were added 118 parts of dipropylene glycol n-butyl ether (DPnB) while stirring with a disper,
and ther 392 lparsisrutRerared trimbiiyiepropane triacrylate (EO 20 raob(mamafactiredhy
Shin-Nakamura Chemical Co., Ltd., product name "AT-20E") were further added thereto as a
compound (B} Wit EtHfHg MR & digper: $61fwed by stirring foFA®iiRiSs, to thereby obtath a clear
coatingr{ualieri I, Theoli?es ltantcoatingmaterialwasapplied onto glass plates using a 6-mil applicator
under ehvirdnmeAts oI5t ARG 8B BnE tHE Fhdte AAMFAS BREY 1624 hodrdditilet the smen
environggigts as in its ap Iig%gon 10 therehy ohtain, coztgf films. After that, the coating film condition
[ a

and curabiify of Sach of the resultantcoating K were evallkted HHape s sHBRERE Tekile.

[0065][Examp! _ ting films were attai in the same manner as in Example
1exceptthattr‘?)egc%rgn%%lc’!jrﬁ)l (BC)O\?vg%%%ﬁggéde l%l %{f %33% 0 %tﬁ%)S(f}Ia erdat?i?ne%%}?&gﬁolbiﬁél lacrylate

(E0 20 mohanddbe compound(B)shownja Iable duargised atie.cantents shiopn in, Table 2
m

After that, the coating film condition and curability of each ofthe resultant coating fi wers evaluated.

Table 2shemsdhe results: {068 [Exapplel He 1 ¢, Coating films- were obtained in the saje manner

as in Example 10 except that the polyamine resin (A) was replaced by Emulsion I, and Emulsion Il
obtainedinPdoductionExample danas usesh After thatthe goatjing: film gendition,and cyrability, of each
of the resultant coating films were evaluated. Table 2 shows the results. [0067][Example 12] 159
parts ofrion<exehdngeywater and 46 parisief Newepb74@ manafagtured:by Nippon NyykazakCo., Ltd.,
nonionic emulsifier) were dissolved homogeneously by stirring with a disper, to thereby prepare an
aqueous emulsifiedseiuton. Aftérthar 1843 parts of accompewndy(B), iec@thexylated cr  in
trimethylolpropane triacrylate (EO 3 mol) were added thereto, and the mixture was stirred with a disper
for 10 niRties 8 roGFhly disperse the compound. The compound was further dispersed using an
ultrasonic homogenizer until an average particle size of 350 nm was achieved, to thereby obtain an
emulsion of the compound (B).

100437 As described above, the compound (B) is regquired to be
capable of being easily mixed with (capable of reacting with) the
polyamine resin (A). Preferably, the polyamine resin (A) and the
compound {B) are used in an inhomogeneous state in such a range
that the resin and compound can be easily mixed (can react with
each other). More preferably, the compound (B) and the polyamine

resin (A) are used in different phase states. In such states, an
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To 2,367 parts of Emulsion IllobtainedinProductionExample 6 as a polyamine resin (A) were added
118 parts of dipropylene glycol n-butyl ether (DPnB) while stirring with a disper, and then 318 parts of
the emulsion of the compound (B) obtained in the foregoing (content of the compognd (B): 143 parts)
were further added thereto while stirring with a disper, followed by stirring for 10 minutes, to thereby
obtain a clear coating material. The resultant coating material was su_bjected_t_o the same pr_o_cedure as
in Example 1, to therebyobtain coating films . After that, the coating filmcondition and curability of each
of the re%lt%nt coating.films were evaluated. Table 2 shows the results. - Property* Water-soluble

Water-soJublé Self-emulsifying SefemutsifyiighSett 8fmsryifg 1 Séﬁ}emmﬁgcompoum

Capableofeingemuisifierisnersed by the polvamine resip () ., Capable ofbeing .

emulsified/dispersed by the uolyamine resin FE)
Therefore, for example, in the case of using the agueous coating
composition of the present invention is used as a two-component
coating material, an agueocus coating composition having excellent
handling property can be cbtained. Preferredexamples of the states
include: a case where the compound (B) i1s a water-soluble compound,
and the polyamine resin (&) is a water-dispersible resin; a case
where the compound (B) is self-emulsifying; and a case where the
compound (B) is emulsified or dispersed by the polyamine resin (A).
It should be noted that a determination of whether the compound
(B)is"non—water—soluble","water—soluble”,or"selfmemulsifying"
can be made by: adding 5 g of the compound (B} to 100 g of water
at room temperature; stirring the mixture (e.g., for 3 minutes);
allowing the mixture to stand still {e.g., for bminutes), and then
observing the state visually. After allowing the mixture to stand
still, if the mixture contains precipitate, the compound is judged
to be "non-water-scluble”, if the mixture contains no precipitate
and is clear, the compound is judged to be "water-soluble”, and if

the mixture contains no precipitate and is turbid, the compound

is judged to be "self-emulsifying”.

[0044] In £he case where the compeund (B} has been denatured
by, for example, polyethylene oxide, the compound may be converted

intc a water-soluble or self-emulisifying compound by increasing
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Capable ofbeingemuisified/dispersed by the bolyamine resin (A) Non-water-soluble Non-water-soluble
Acbyloyl group equivalent 865 Pc2 885 009 LIZ 95? 66 66 387

the ethylene oxide addition mole number to enhance its

hydrophilicity.

[0045] Examples of the water-soluble compound (B} include
ethoxylated bisphenol A diacrylate (EO 30 mel}, ethoxylated
trimethylolipropane triacrylate (EC 20 mol), ethoxylated
trimethylolpropane triacrylate (EC 30 mol), ethoxylated
pentaerythritol tetraacrylate (EO 35 mol), ethoxylated glycerin
triacrylate {EQ 20 mol), andethoxylatedkﬁsphenol}kdimethacrylate
(EO 30 mol). They may be used alone or in combiration. It should
benotedthat,forexample,theexpression"EOBOrmﬂJ'asusedherein

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

[GC467 Examples of the self~emulsifying compound (B) include
polyethyleneglycol#QOGdiacrylate(EOEBmol),polyethyl@neglycol
#600 diacrylate (EO 14 mol), polyethylene glycol #1000 diacrylate
(EC 23 mol), etheoxylated bisphenol A diacrylate (EOQO 10 moly,
ethoxylatedbisphenolZ&diacrylate(EOZHJmoi),ethoxylatedglycerin
triacrylate{EOSBmol),andpolyethyleneglycol#1000dim@thacrylate

(EO 23 mol). They may be used alone or in combination.

f0047) Examples of the ceompound (RB) that may be emulsified or
dispersed by the polyamine resin (A) include polyethylene glycol
#200 diacrylate (EQ 4 mol), ethoxylated bisphenol A diacrylate (EO

3mol), ethoxylatemibisphenolZ&diacrylate (EC 4 mol), propoxylated
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731 Number of functional groups AN CO  Viscosity

bisphenol A diacrylate (PO 3 mol), 1,l0-decanediol diacrylate,

tricyclodecanedimethanol diacrylate, ethoxylated
Z-methyl-1, 3-propanediocl diacrylate (EO 2 mol), necpentyl glycol
diacrylate, 1,6~hexanediol diacrylate, 1,9-nonanediol diacrylate,

dipropvliene glycol diacrylate (PO 2 mol), tripropyiene glycocl
diacrylate (PO 3 mol), polypropylene glycol #400 diacrylate (PO
7mol), polypropyvleneglycol #700 diacrylate (PO12mol), ethoxylated
trimethylolpropane triacrylate (EO 3 mol), ethoxylated
trimethylolpropane triacrylate (EO 9 mol), trimethylolpropane
triacrylate, propoxylatedtrimethylolprepane triacrylate (PO3mol),
pentaerythritol triacrylate, ethexylated pentaerythritol
tetraacrylate (EC 4 mol), ditrimethyiolpropane tetraacrylate,

propoxylatedpentaerythritol tetraacrylate (PO4mol), propoxylated
bisphenol A diacrylate (PO 4 mol), ethylene glycol dimethacrylate
(EO 1mol), diethylene glycol dimethacrylate (EC 2mol), triethylene
glycol dimethacrylate {(EO 3  moly, tetraethylene glycol
dimethacrylate (EO 4 mol), polyethylene giycol #400 dimethacrylate
(EO 9 mol), polyethylene glycol #600 dimethacrylate (EO 14 mol),

1,3-butanediol dimethacrylate, 1,4~butanediocl dimethacrvlate,

1, é-hexanediol dimethacrylate, 1,9%-nonanediol dimethacrylate,

ethoxylated bisphenol A dimethacrylate (EC 2.6 mol), ethoxylated
bisphenol A dimethacrylate (EO 4 mol)}, ethoxylated bisphencl A
dimethacrylate (EC 6 mol), ethoxylated bisphenol A dimethacrylate
(EC 10 mol), ethoxvylated bisphenol A dimethacrylate (EC 17 mol),

neopentyl glycoel dimethacrylate, ethoxylated polypropylene glycol
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(mPa’'s) 055 061 059 OOL ;6 001'1 56 OOL 002'2 09 Molecular weight 9L1'1 081'1

#70C dimethacrylate (PC 12 mol, EC 6 mol), glycerin dimethacrylate,
tripropyleneglycoldimethacrylate(POiBmol),polypropyleneglycol
#400dimethacrylate(EK)?mol),trimethylolpropanetrimethacrylate,
and ethoxylated trimethylolpropane trimethacrylate (EO 9 mol}.

They may be used alone or in combination.

[0048] The compound (B) may be preferably used as a mixture
of a water-soluble compound and a non-water-soluble compound. If
suchmixture of thewater-soluble compound and the non-water~-soluble
compound 1s used, the non-water-soluble compound can be easily
introduced into a reaction system by the water-soluble compound.
Further, the resultant coating material is excellent in
low-temperature curability. Examplesof thewater-soluble compound
having one or more {meth)acryloyl groups in a molecule include the
above-mentioned water-scluble cempound (B). Examples of the
non~water—solublecompoundhavingonecn:more(H@th)acryloylgroups
in a molecule include a compound which is not completely soluble
in water, such as propoxylated bisphenol A diacrylate (PO 4 molj).
The mixing ratio of the water-soluble compound (B) and the
non-water-socluble compound (B) (water-scluble/non-water-soluble)

is preferably 1/9 to 9/1, more preferably 2/8 to B8/2.

(00497 In one embodiment, before mixing of the polyamine resin
(A) and the compound (B), the compound (B) may be diluted with an

organic solvent. Examples of the organic solvent include ethylene
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GOS 9LL ociz 089 215 96? 862 895 - Compound (B) Ethoxylated trimethylolpropane triacrylate (EO
20 mol) Ethoxylated glycerin triacrylate (EO 20 mol) Polyethylene glycol #400

glycol monobutyl ether (BC) and diethylene glycol monobutyl ether
(BDG) . When the compound (B) is diluted in advance with an organic
solventasckmcribedabove,thepolyamineresba(A)andthetxmmound
(B) can be easily mixed without using a special mixing device, to
therebyobtainacoatingcompositionhavingexcellentdispersibility.
As a result, the polyamine resin (A) and the compound (B} can react

with each other efficiently.

[0050] In another embodiment, the compound (B) is an emulsion.
That is, before mixing of the polyamine resin {A) and the compound
(B}, anemulsifiernmy&mamixedwithiﬂmacompound(B},cnrthecompound
(B} may be emulsified or dispersed by a dispersant, an emulsifier,
Or an agueous resin. Moreover,intﬂmacasewheretﬁueaqueouscoating
composition of the present invention is a two=-component agueous
coating composition, an emulsifier may further be added to the
above-menticned curing agent. If such treatment is carried out,
the polyamine resin (A) and the compound {B) can be mixed without
usingaspecialmixingdevic&,totherebyobtainacoatingcomposition
having excellent dispersibility. BAs a result, the polyamine resin
(A} and the compound (B) can react with each other efficiently.
Further, if such treatment is carried out, the compound (B) can
be treated as a nonhazardous material. A nonionic emulsifier, an
anionic emulsifier, or the like may be used as the emulsifier.
Examples of the nonionic emulsifier include a polyoxyethylene

alkylphenol ether, a polyoxyethylene styrenated phenyl ether, a

20



i [ ' Ethoxylated bisphenol A
diacrylate (EO 9 mol) Ethoxylated bisphenol A diacrylate CEO 10 mol) _ _ _
diacrglate (EO 20 mol) Ethoxylated glycerin triacrylate (EO 9 mol) Ethoxylated blsphenm A diacrylate
(EO 4 mol) Trimethylolpropane triacrylate Pentaerythritol triacrylate Propoxylated bisphenol A
diacrylate (PO 4 mol) Ethoxylated trimethylolpropane acrylate (EO 3 mol) Compound

polyoxyethylene alkyl ether, a polyoxyethylene-polyoxypropylene
block polymer, and a sorbitan fatty acid ester. Examples of the
anionic emulsgifier include a dodecylbenzenesulfonic acid salt, a
dialkyl sulfosuccinic acid salt, a polyoxyethylene alkyl ether
sulfuricacidestersalt,aipolyoxyethylenestyrenatédphenylether
sulfuric acid ester salt, and an alkyl diphenyl ether disulfonic
acid salt. Examples of the dispersant include sodium polyacrylate
andanammoniumsaltofahalfeaterofastyrene~maieicacidcopoiymer.
Examples of the agueous resin include a sodium salt of a polyacrylic

acid ester,

(0051} In still another embodiment, bhefore mixing of the
polyamine resin (A) and the compound (B}, the compound (B} may be
dispersed in a dispersing element of a resin different from the
pclyamine resin (A) . Examplesofthedisp@xsingelementofthexesin
includeanemulsionanddispersionafanacrylicr@sinandanemulsion
and dispersion of a urethane resin, When the compound (B) is
dispersed in the dispersing element of the resin in advance as
described above, the polyamine resin (A) and the compound {RB} can
be mixed without using a special mixing device, to thereby obtain
acoatingcompositionhaviﬁgexcellentdispersibility. Asaresulr,

the polyamine resin (&) and the compound (B} can resact with each

other efficiently.

[0052] D. Coating method

21



(B) No.

9--- 6101 Composition of coating

The agueous coating composition of the present invention may
beappliedfx>anyappropriaten@tter1x>becoated. A typical matter

to be coated is a surface of iron.

[0053] Examples of a method of applying the agueous coating
composition of the present invention include brush coating, air

spray, airless spray, and roller application.

[0054)] The application amount of the aqgueous coating
composition of the present invention may be set to any appropriate
application amount depending on applications. In general, the

amount is preferably 10 to 300 g/me.

[0055] A method of drying the aqueous coating composition of
the present invention may be any appropriate drying method. The
method is preferably natural drying or heat drying. That is, the
agueocus coating composition of the present invention may be used
asaacoating'compositicwlcapablecxfcuringaﬂ:ordinary”temperature,
ornmykxausedaseacoatingcmmpositimncapablecﬁfcuringknfheating.
In the case of natural drying, the drying time is preferably 24

hours or more, more preferably 1 week or more.

Eramples
10056] Hereinafter,Tjuapresentinventionjxadescribed:ﬂlmore

detail by way of examples. However, the present invention is not
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material compound ouisters Rcisslngs Transparency Burnish Compound (B) (parts) uPn.t) (parts)
Polyamine resin (A) ; (parts) _

limited to the examples. It should be noted that, unless otherwise
specified, part(s) and % in the examples are by weight. Further,

evaluation items in the examples are as follows.

i0057] (Coating film condition)

Coating materials obtained in Examples and Comparative
Examples were each applied onto a glass plate and dried (for 24
heours) at 25°C, and the coated glass plate was visually observed
to evaluate the coating film for its burnish, transparency, and
coating film defects such as blisters and cissings.

Burnish 0: Highly burnished

L: Moderately burnished
x: Not burnished
Transparency 0: No or little turbidity
A: Moderate turbidity
x: Severe turbildity
Coating film defects G: No or few blisters and cissings
A A few blisters and cissings

x: blisters and cissings across the

surface

(Curability)
The ccating materials cobtained in Examples and Comparative
Examples were each appliedonto glass plates anddried (for 24 hours)

at 25°C and 5°C to obtain coating films. The coating films were
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I Emulsion Il . " 1l nOiIOINWR; IEmulsion |

each rubbed with gauze impregnated with methyl ethyl ketone (MEK)
at the same temperature as that in its application and drying, and
the number of times of reciprocation until a glass base material
was exposed wasmeasured. It shouldbenotedthat the notation ">200"
in the tables means that the glass base material was not exposed
even when the number reached 200, Further, if the number of times
of reciprocation until exposure 1s 100 or more, the ceoating film
is evaluated to be acceptable,
(Anticorrosion property)

The coating films obtained in Examples were each applied onto
a sandblast plate using a brush at 200 g/m® and dried at 20°C for
seven days, to thereby obtain a test specimen. A cycle corrosion
test, specified in JIS X 5600 7-7, was carried out for the test
specimen. AfterlZOcycles,thecoatingfilmconditionwasconfirmed
based on the following criteria.

The ratio of a corrosion area in a coating film with respect
to the surface of the test specimen.

©: less than 0.05%

0: 0.05% or more and less than 0.1%

L

A .1% or more and less than 0.3%

x: 0.3% or more

(00587 [Production Example 1] Preparation of pelyamine resin
(epoxy-based peolyamine resin)

702 parts of an epoxy resin having an epoxy equivalent of 1&8,
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which was synthesized from bisphenol A and epichlorohydrin, 269
parts of bisphenol A, 108 parts of dimer acid, and 190 parts of
methyl isobutyl ketone {hereinafter, referred to as "MIBK") were
fed to a reactor eguipped with a stirrer, a cooler, a nitrogen
injection tube, and a thermometer, and the mixture was allowed to
react in the presence of 1 part of benzylidimethylamine at 117°C
until the epoxy equivalent reached 1,270. After that, 255 parts
of a ketimine compound of aminoethylethanolamine (73 wt% MIBK
sclution) were added thereto, and the mixture was allowed to react
at 117°C for one hour. Subseqguently, the mixture was diluted with
MIBK until a nonvolatile content of 75% was achieved, to thereby
obtain an epoxy-based polvamine resin having a number average

molecular weight of 2,400 and an amine eguivalent of 1,184.

[0059] [Production Example 2] Emulsification of epoxy-based
polyamine resin

Acetic acid was added to the epoxy-based polyamine resin
ocbtained in Production Example 1 so that a neutralization ratio
(neutralization ratio of the resin based on amine groups) of 20.0%
was achieved, and the mixture was diluted with lon-exchange water.
After that, a mixture of MIBK and water was remcoved under reduced
pressure until a solid content of 40 wt% was achieved, to thereby

prepare Emulsion I.

(00&80] [Production Example 3] Preparation of polvamine resin
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118 2,960 8L Example 8 130 >200 0>099 118 2,960

tacrylic polyamine resin)
670partscﬁEMEBKwerefEdﬂx>areactorequippedwith&astirrer,
a cooler, a nitrogen injection tube, a thermometer, and a dropping
funnel, and the mixture was heated to 110°C. A solution containing
540 parts of styrene, 400 parts of n-butyl acrylate, 140 parts of
glycidyl methacrylate, 100 parts of MIBK, and 20 parts of t-butyl
peroctoate was added dropwise over three hours to the reactor using
the drepping funnel. After completion of the dropwise addition,
theﬂdxturewasmaintainedat110°Cfor30nﬁnutes,andthenasoiution
containing 2 parts of t-butyl percctoate and 50 parts of MIBK was
added dropwise over 30 minutes. After completion of the dropwise
additicn, the reaction was further continued at 110°C for one hour,
to thereby obtain an acrylic resin varnish having a nenvolatile
content (including epoxy groups) of 60%. To 1,920 parts of the
resultant varnish were added 255 parts of a ketimine compound of
aminoethylethanolamine (73 wt% MIBK solution), and the mixture was
allowed to react at 117°C for one hour, to thereby ocbtain an acryvlic
polyamine resin having a number average molecular weight of 10,000

and an amine equivalent of 1,184,

[0061] [Production Example 4] FEmulsification of acrylic
peivamine resin

Acetic acid was added to the acrylic polyamine resin ocbtained
in  Production Example 3 so that a neutralization ratio

(neutralization ratio of the resin based on amine groups) of 20.0%
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was achleved, and the mixture was diluted with ion-exchange water.
After that, a mixture of MIBX and water was removed under reduced
pressure until a solid content of 40 wt% was achieved, to thereby

prepare Emulsion IT.

[06e2] [Production Example 5] Preparation of polyamine resin
(epoxy-based polyamine resin)

/42 parts of an epoxy resin having an epoxy equivalent of 188,
which was synthesized from bisphenol A and epichlorchydrin, 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 in the presence
of 1 part of benzyldimethylamine at 117°C until an epoxy eguivalent
of 1,270 was achieved. After that, 350 parts of a ketimine compound
of diethylenetriamine (73 wt% MIBK solution) were added thereto,
andthemixturewasallowedtoreactat 117°C for 1 hour, Subseqguently,
27partsofion—exchangewaterand188partsofglycidylneodecanoate
(Cardura E10-P) were fed thereto, and the mixture was allowed to
react at 10C°C for 2 hours. After that, the mixture was diluted
withNﬂBKLMnjj_anonvolatiiecontentof"N?%wasachieved,txuthereby
obtain an epoxy-based polyamine resin having a number average

molecular weight of 2,600 and an amine equivalent of 947.

[0063] [Production Example 6] Emulsification of epoxy-based

poelyamine resin
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Acetic acid was added to the epoxy-based polyamine resin
obtained in Production Example 5 so that a neutralization ratio
(neutralization ratio of the resin based on cationic 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 wt% was achieved, to

thereby prepare Emulsion ITT.

[COc4) [Example 1]

To 2,960 parts of Emulsion I obtained in Production Example
2 as apolyamine resin (A) wereadded]ﬂf%parts<xEdipropyleneglycol
n-butyl ether (DPnR) while stirring with a disper, and then 392
parts of ethoxylated trimethylolpropane triacrylate (EQ 20 mol)
{manufactured by Shin-Nakamura Chemical Ce., Ltd., product name
"AT—2OE")werefurtheraddedtberetoasacxm@@und(B)whilestirring
withacﬁsper,followedbystirringforlOnﬁnutes,totherebyobtain
aclearcoatingmaterial. Theresultantcoatingmaterialwasapplied
onto glass plates using a 6-mil applicator under environments of
25°C and 5°C, and the material was dried for 24 hours under the
same environments as in its application, to thereby obtain coating
films. After that, the coating film condition and curability of
each of the resultant coating films were evaluated. Table 2 shows

the results.

[0065] [Examples 2 to 10]
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Coating films were attained in the same manner as in Example
1exceptthatthecompound(B)wasreplacedby392partsofethoxylated
trimethylolpropane triacrylate {(EQ 20 mol), and the compounds (B)
shown in Table 1 were used at the contents shown in Table 2. After
that, the coating film condition and curability of each of the

resultant cecating films were evaluated. Table 2 shows the results.

[0068] [Example 11]

Coating films were obtained in the same manner as in Example
10 except that the polyamine resin (A) was replaced by Emulsion
I,euuiEmulsionIJIobtained:ﬁlProductiorlExample‘ﬂwas used. After
that, the coating film condition and curability of each of the

resultant coating films were evaluated. Table 2 shows the results.

[G0&7] [Example 12]

159 parts of ion-exchange water and 16 parts of Newcol 749
(manufactured by Nippon Nyukazai Co., Ltd., nonionic emulsifier)
were dissolved,homcgeneously‘by stirring with a disper, to thereby
prepare an aqueous emulsifier solution. After that, 143 parts of
a compound (B), i.e., ethoxylated trimethylolpropane triacrylate
(EO 3 mol) were added thereto, and the mixture was stirred with
a disper for 10 minutes to roughly disperse the compound. The
compoundwasfurtherdispersedusinganultrasonichomogenizeruntil
an average particle size of 350 nm was achieved, to thereby obtain

an emulsion of the compound (B},
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Toc 2,367 parts of Emulsion IIT obtained in Production Example
6 as a polyamine resin (A) were added 118 parts of dipropylene glycol
n-pbutyl ether (DPnB) while stirring with a disper, and then 318
parts of the emulsion of the compound (B) obtained in the foregoing
{content of the compound {(B): 143 parts) were further added thereto
while stirring with a disper, followed by stirring for 10 minutes,
to thereby cbtain a ¢lear coating material. The resultant ceating
material was subjected to the same procedure as in Example 1, to
therebyobtaincoatingfilms. Afterthat, thecoating filmcondition
and curability of each of the resultant coating films were evaluated.

Table 2 shows the results.
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[0070][Example 13] A pigment-dispersed composition containing 100 parts of tap water, 34 parts
of DISPERBYK-190 (manufactured by BYK, pigment dispersant), 2 parts of BYK-019 (manufactured
by BYK, antifoaming agént), 170 part}s of lcalcjgm 4:grb ate, 185 parts of titanium oxide, and 2 parts of
a calcium-based anticorrosion pigment was digpersed with 'a disper for 30 minutes. Subsequently, 450
parts of Emulsion | obtajned|in Production Exafpl g a polyamine resin (A), 18 parts of DPnB, and
10 parts of Adecanol UH-420 (manufactured bﬁ ADECA CORPORATION, associated thickener) were
added and mixed, to thereby prepare a base <:‘gaét:j 8 ion. urtherga s%utio&obt%ined by
dissolving 4 1 parts of a compound (B), i.e., prépo Efais.phbanol Adiacrylate(PO=4 mol) in 41 parts
of DPnB was a@ded while stjrring with a cispef’%&hai _nfixture was rre(gor minutes, to thereby
obtain an enamel cpating material . The resultant dnaterial V\a§§ap ed céfnto glass plates using

a 6-mil appli¢atgr upder envirgnments gf 25C @1@1 (thhg ateriaf waé))driegi for@4 hours under
the same enVirehments|as in ifs applicatiory; tozhgrelyy pbtais co@ting%ilmsﬁAfte& thaf] the coating film
condition, curability, %nd é;nticgrroﬁo gr()p?r1%0i Dfghe resyltant coating fims fere evaluated.
Table 3 shows the regultsz [()Ojl][gx mp e'glél]ff %’ '@; fﬂr’rs:@/vere;jobtalneduin thg same manner
as in Example 13 excgpt that 33|parts gf etgox&lm rirptriagrylate (K@ 9 fhol)tmanufactured by

e
Shin-Nakamura Cherhic¢al.Co.} Litd?, pradiict nanie YI9E"| Gompound(B) Nb.6)#vere used
. W] Q L] Gl )
instead of 41 parts pf.progo yEate(%b spherol|A.diag €

PO 4 mol).Aftefithaty the Goating film
condition, curability, &nd &nticérrosion property

: ﬂhé:? restlltar coaging films Were evaluated.
Table 3 shows the results. 5072][Ex mpje 15] Caating films Wfar@obt@nedgn thg same manner

as in Example,13®xcept that 450 pafrts of Emulsion Il jobtained in Proﬁuctign Example 4 Wwere used as

a polyamine %ﬁnﬁAﬁgins@ d:pf|450 parts of Emulsior| |obtained-in %du_g—*tion Example 2. The
coating film (:gn@iﬁorﬁ? curahility, |afid|afticorrosion propéity of eachofghe resultant cpating films were
evaluated. Tgble J|shows the results. [0073]Coating films were obtaingd inO:the gam@marmer asin
Example 13 except that 45Q parts of Emulsion Ill obtained in Production Examile 6 weregsed as a
polyamine resirg(A) instead|of 450 parts pf Emulsjon Ijobtained in H ragluction EXamgte 2,5nd 61 parts
of the emuls gn?g@etho Kylated trimethylolpropane triacrylate (EO 3 mo‘.ﬁ) préfiucet! in Example 12 were
used as a coipoand’(B) insteéad of the'splatiomvobtained byfelis,solvin%fljjartsqpf piopoxylated
bisphenol A @a@rylate PO 4 mal) inj41 partsiof DPnB. The coating| fik corditioh, C(Eabil_my, and
anticorrosion property of each of the resultant coating films were evalidated: Takle 3 8hows the
I } i) ©
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13 Example 14 Example 15 Example 16 Compound(B)No. 10 6 10 11 Composition of coating material

Base coating solution (parts)

[0069] [Table 2]
Example 1 Frxample 2 Example 3 Example 4 Example 5 Example 6
Compound (B} No. 1 2 3 4 5 6
Polvyamine Emulsion I 2,960 2,960 2,960 2,960 2,960 2,960
Composition of coating wawwgﬁw&v Emulsion II - = - - - -
material DPRR  (parts) 118 118 118 118 118 118
Compound {B) (parts) 392 377 254 388 600 217
Burnish o o] s, e s} o
Coating film condition Transparency O o o 0 o o
blisters/cissings o o o] o o o'
Curabilit 25°C >200 >200 120 150 150 >200
Y 57C 150 150 100 100 100 200
Example 7 Example 8 Example 9 Example 10 Example 11 Example 12
Compound (B) No. 7 8 9 2 I ae 2 ] 10 11
Polvamine Emulsion I 2,960 2,960 2,960 2,960 - -
YA emulsion 11 - . = - 2,960 -
resin (A} ol e ion
Compesition of coating {parts) EMHmeo - - - -~ - 2,367
material DEnB (paris) 118 113 118 118 118 118
Compound (B} (parts) 256 9% ag 186 133 189 133 Suw%v»
Burnish o G o © o O
Coating film condition Transparency s 0 T 8] o} o]
blisters /cissings 0 o] o o o) o}
Curabilit 25°C 150 150 >200 >200 >200 >200
Y 5°¢ 130 110 130 >200 >200 >200

* The number in the parentheses represents an amount in terms of an emulsion.

32




971 971 Emulsion contained in base coating solution Emulsion | Emulsion 1 Emulsion I Emulsion I

[0070] [Example 13]

A plgment-dispersed composition containing 100 rarts of tap
water, 34 parts of DISPERBYK-190 (manufactured by BYK, pigment
dispersant), 2 parts of BYK-019 (manufactured by BYK, antifoaming
agent), 170 parts of calcium carbonate, 185 parts of titanium oxide,
and 2 parts of a calcium-based anticorrosicn pigment was dispersed
with a disper for 30 minutes. Subsequently, 450 parts of Emulsion
I obtained in Production Example 2 as a polyamine resin (A}, 18
parts of DPnB, and 10 parts of Adecanol UH-420 (manufactured by
ADECA CORPORATION, associated thickener) were added and mixed, to
thereby prepare a base coating solution. Further, a solution
obtain@jbydissolving41partsofacmm@ound(B),i.e.,propoxylated
bisphencl A diacrylate (PO 4 mel) in 41 parts of DPnB was added
while stirring with a disper, and the mixture was stirred for 10
minuﬁes,tothexebyobtainanenameicoatingmaterial. The resultant
coating material was applied onto glass plates using a 6-mil
applicator under environments of 25°C and 5°C, and the material was
driedfor24twursunderthesameenvironmentsasjjlitsappiication,
to thereby obtain coating films. After that, the cecating film
condition, curability, and anticorrosion property of each of the

resultant coating films were evaluated, Table 3 shows the results.

[0C71] [Example 14]
Coating films were obtained in the same manner as in Example

13 except that 33 parts of ethoxylated glycerin triacrylate (EO
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Compound(B) (parts) 41(82)* 41(82)* Curability >200 >200 >200 >200 5C 120

9 mol) (manufactured by Shin-Nakamura Chemical Co., Ltd., product
name "A-GLY-9E", Compound(B) No.6) were used instead of 41 parts
of'propoxylatecﬂbisphenol.A.diacrylate (PO 4 mol). After that, the
coating f£ilm condition, curability, and anticorrosion property of
each of the resultant coating films were evaluated. Table 3 shows

the results.

[0072] [Example 15]

Coating films were obtained in the same manner as in Example
13exceptthat450partsofEmulsionIIobtainedinProductionExample
4 were used as a polyamine resin (A} instead of 450 parts of Emulsion
I obtained in Production Example 2. The coating film conditiocon,
curability, and anticorrosion property of each of the resultant

coating films were evaluated. Table 3 shows the results.

[G073] Coating films were obtained in the same manner as in
ExamplelBexceptthat450partsofEmulsionIIIobtainedinProduction
Example 6 were used as a polyamine resin {(A) instead of 450 parts
of Emulsion I obtained in Production Example 2, and 61 parts of
the emulsion of ethoxylated trimethylolpropane triacrylate (EQ 3
mol) produced in Example 12 were used as 3 compound (B} instead
of the solution cbtained by dissolving 41 parts of propoxylated
bisphenol A diacrylate (PO 4dmel) in 41 parts of DPnB. The coating
film condition, curability, and anticorrosion property of each of

the resultant coating films were evaluated. Table 3 shows the
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150 120 150 Anticorrosion property 0 o L. 0 * The numbers in the parentheses each represent an
amount in terms of a solution or an emulsion. [0075][Comparative Example 1] Coating films were
obtained in the same manner as in Example 1 except that the compound (B) was not used. After that,
the coating film condition and curability of each of the resultant coating films were evaluated. Table 4
shows the results. [0076][Comparative Example 2] Coating films were obtained in the same
manner as in Example 1 except that 2,100 parts of urethane acrylate having a molecular v_veight of
4,200, a viscosity of 30,000 mPa.s, and 2 functional groups (UA-W2, manufactu_red .by Shln-!\!akamura
Chemical Co., Ltd.) were used instead of the compound (B). After that, the coating film condition and
curability of each of the resultant coating films were evaluated. Table 4 shows the results.

[0074] [Table 3]
Example Example Example Example
13 14 15 16
Compound (B) No. 10 2 10 11
Base coating 971 971 571 971
solution (parts)
Composition of Eﬁulsgon Emulsion | Emulsion | Emulsion | Emulsion
. . contained inbase
coating material . . I T IT ITI
coating sclution
Compound (3] 41(82)" 33 41(82)° | 27(61)"
(parts)
o 25°C >200 >200 >200 >200
Curabllity 5°C 120 150 120 150
Anticorrosion property (@) o A ©

* The numbers in the parentheses each represent an amount in terms
of a solution or an emulsion.

[0075] [Comparative Example 1]

Coating films were obtained in the same manner as in Example
1l except that the compound (B) was not used. After that, the coating
filmcondition and curability of each of the resultant coating films
were evaluated. Table 4 shows the results.
[0076] [Comparative Example 2]

Coating films were obtained in the same manner as in Example
1 except that 2,100 parts of urethane acrylate having a molecular
weightcyfé,ZOO,caviscositycﬁfBO,OOOInPa-S,andﬁ%functionalgroups
{UA—WZ,n@nufacturedinrShin~NakamuraChemicalCo.,Ltd.)wereused

instead of the compound (B). After that, the coating film condition

35



[0077][Comparative Example 3] Coating films were obtained in the same manner as in Example 1
except that 94 parts of dipentaerythritol hexaacrylate having a molecular weight of 5 62 , a viscosity of
6, 600 mPa s and 6 functional groups were used instead of the compound (B) . After that, the coating
film condition and curability of each of the resultant coating films were evaluated. Table 4 shows the
results. [0078][Comparative Example 4] Coating films were obtained in the same manner as in
Example 1 except that 255 parts of a bisphenol type epoxy resin having a molecular weight of 510, a

viscosity_of 100, 000 mPa s, and 2 acryloyl groups (Ripoxy VR-77, manufactured by SHOWA
HIGH Pcﬁ?%?i\l/lcé’r% E’c%d.,ﬂ]ti’rb.‘ifvi%?&%s%% &ttt tha tompating 981 Afterthae teadoatingilm

conditios apd curahility of each of t%euﬁésgltant coating films were evaluated. Table 4 shows the
results. [0079][Table 419Corhpara ive Example 1 Comparative Example 2 Comparative Example 3

Comparative Example 4 Coating film

[0077] [Comparative Example 3]

Coating films were obtained in the same manner as in Example
1 except that 94 parts of dipentaerythritol hexaacrylate having
amolecularweightof562,aviscosityof6,600mPa's,and6fﬁnctional
groups were used instead of the compound (B) . Afterthat, the coating
filn1conditionaﬂmicurabilitycﬁfeachcxfthe resultant coating films

were evaluated. Table 4 shows the results.

[CO78] [Comparative Example 4]

Coating films were obtained in the same manner as in Example
1 except that 255 parts of a bisphenol type epoxy resin having a
molecular weight of 510, aviscosityofIOO,OOOH@a-s,andZBacryloyl
groups (Ripoxy VR-77, manufactured by SHOWA HIGHPOLYMER CO., LTD.)
were used instead of the compound (B). After that, the coating film
condition and curability of each of the resultant coating films

were evaluated. Table 4 shows the results.
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condition Burnish 0 o0 x x Transparency 0 O LI x blisters /cissings o

[007%9] [Table 4]
Comparative | Comparative | Comparative | Comparative
Example 1 Example 2 Example 3 Exanple 4
Burnish o 0 x x
Coating film Transparency o o Ja *
condltion blisters
Q o x X
/cissings
Curability 25°C 20 30 50 50
5°C 20 20 30 30
100807 [Comparative Example 5]

1,000 parts of Adeka Resin EM-101-50 (agqueous epoxy resin
emulsion manufactured by ADEKA CCRPORATION; epoxy equivalent 1000,
sclid content 50%) and 50 parts of DPnB were mixed to prepare a
base coating solution.

Subsequently, 200 parts of SUNMIDE WH-200 (manufactured by
Air Products and Chemicals, Inc., denatured aliphatic polyamine,
nonvelatile content 60%, amine number 220} were added as a curing
agent to the base coating solution, and mixing was carried out by
stirring with a disper. The resultant ceatingmaterial was applied
onto glass plates using a 6-mil applicator under environments of
25°C and 5°C, and the material was dried for 24 hours under the
same envireonments as in its application, to thereby obtain coating
films. The curability of each of the resultant coating films was
evaluated. As a result, the curability at 25°C was g¢ood [(MEK
resistance >200 times), and the material did not cure at all at

5°C (the material was easily dissoclved in MEK).

[0081] As is clear from Tables 2 and 3, the agueous coating
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0 X X Curability 25C 20 3050 50 5C 20 2030 30 [0080][Comparative Example 5] 1,000 parts of
Adeka Resin EM-101-50 (aqueous epoxy resin emulsion manufactured by ADEKA CORPORATION,;
epoxy equivalent 1000, solid content 50%) and 50 parts of DPnB were mixed to prepare a base

coating solution.

composition c¢f the present invention can achieve sufficient
low-temperature curability, which cannot be achieved in the case
of the conventional agqueous cecating material (Comparative Example

5).

[G082Z2] Further, as is clear from the results of Examples 13,
14, and 16 (Table 3), when each of the epoxy-based polyamine resins
is used as a polyamine resin, it is possible to obtain an agueous
coatingcompositionwhichcanproduceacoatingfilmhavingexcellent
anticorrosion property in addition to the low-temperature

curability.

Industrial Applicability

[0083] Theaqueouscoatingcompositionofthepresentinvention
canbesuitablyusedasacmnstructioncoatingmaterialoraheavy*duty
coating material in an anticorrosive, a sealer, a primer, or the
likefore&bridge,almﬁidingexterior,eafloor,aknﬁldingproduct,

cr the like.

38



Subsequently, 200 parts of SUNMIDE WH-900 (manufactured by Air Products and Chemicals, Inc.,
denatured aliphatic polyamine, nonvolatile content 60%, amine number 220) were added as a curing
agent to the base coating solution, and mixing was carried out by stirring with a disper. The resultant
coating material was applied onto glass plates using a 6-mil applicator under environments of 25C and
5C, and the material was dried for 24 hours ungﬁr 1&{1  same environments as in its application, to
thereby obtain coating films. The curability of each of the resultant coating films was evaluated. As a
result, the curability at 25C was good (MEK resistance >200 times), and the material did not cure at all
at 5C (the matgrial wasgasihydissolved in MEK:IQP81IAS is-cleakfiom Iahles 2 and 3, the aqueous
coating composition of the present invention can achieve sufficient low-temperature curability, which
cannot be achieved'in e TSI IhERTrENtONRP A4 GBOTE cOERRG MaEHa? (EBfpdrative Example
5). [0082]Fustterpasiscleandfiom thesesultsof Fxanydesd3a 14, andrld Gkahips3)iwhen each of the
epoxy-ba\s%glp@péy{lz-,ll@i’_neq_}L esins is used as a polyamine resin, it is possible to obtain an aqueous
coating composition which can produce a coating film having excellent anticorrosion property in
addition to the lowRtemperafiieceurability frdusttal Appliebility 0TS Tl latile CLE &G HtINg
composition-of:thesqresgntinvention can be suitably used as a construction coatingmaterial or a

. heavy-duty coating material in an anticorrosive, a sealer, a primer, or the like for a bridge, a building
exterior, a floor, & BUiiding ‘product, or the like. Claims [Claim 1] An aqueous coating composition,
comprising: (A)ea watersdispersibliergolyanpine resimhawving onecormarerpsithary amine groups

andlor secondany.aming glays i gauoleciierand. - (Bl comeatnd hawing gpe or more

(meth)acryloyl groups in a molecule; wherein: ~ the agqueous coating composition is a
two-CompOHETR EeRREDUSD R ETHMPBsitf-that &/ bastic Satiitt SORItIBAECEMPFABES Hiepolyamine
resin (A) anda edrRg-agent gpmprises the compound (B),

the peolyamine resgin {(A) has an amine eguivalent of 100 to
3, 000,
_ the polyamine resin (A) has a neutralization ratic of 10
to 70%,and
the compound (B) has a viscosity at 25°C of 3,000 mPa s

or less.

[Claim 2] An agueous coating composition according to c¢laim 1,
wherein the polyamine resin (A) is an acyrylic polvamine resin

or an epoxy-based polyamine resin.
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the polyamine resin (A) has an amine equivalent of 100 to 3, 000, the polyamine resin (A) has a
neutralization ratio of 10 to 70%,and the compound (B) has a viscosity at 25C of 3,000 mPa s or
less. [Claim 2] An aqueous coating composition according to claim 1, wherein the polyamine resin (A)
is an acrylic polyamine resin or an epoxy-based polyamine resin. [Claim 3] An aqueous coating

compositio rding fo claims 1 and 2, wherein the compound (B) has a molecular weight of 150 or
more and g,b(%gg[%rdégss. C?%%gﬁf ngggutelcl;lgs coa |r?§ lc%}noﬁlos?t?é:ﬁ) 5%%‘8%;% t(f)jcgaf%/mosne9 of claims 1
to 3, wheréirthe compoans (B4 aavaersd|uiie dorpeune i@ ive putmhineaeskP@) is a
water-dispsrsile-eesing [GladmS AN aggeous coating composition according to any one of claims 1 to
3, wherein the compound (B) is a self-emulsifying compound. [Claim 6] An aqueous coating
composition according to any one of claims 1 to 3, wherein the compound (B) is emulsified or
dispersed byithérpalyamineitesinyd) cfGlaims7 cAn@egieolisrecaatingredmyositicingcenrding to any one
of claims 4,10 2, wherein the compound (B) is.a mixire of.A warer-soluble comnound and a
non-water-soluble compound.” [Claim 8] An aqueous coating composition according to any one of
claims 1 t&'STRPierein fetdrhipotifd (BY i &n EHitdIsified compduridt TCIiRT B ARi&dGeous coating
compositigreageording to any one of claims 1 to 3, wherein the curing agent further comprises an
emulsifier.

[Claim 3] An agueous coating composition according to any one

of claime I to 3, wherein the compound (B) ig a self-

emulsifying compound.

[Claim 6] An aqueous ccating compcesition according to any one
of claims 1 to 3, wherein the compound (B) ig emulsified or

dispersed by the polvyamine resin (A).

[Claim 7] An agueous coating composition according to any one
of claims 1 to 3, wherein the compound (B} is a mixture of a

water-soluble compound and a non-water-soluble compound,

[Claim 8] An aguecus coating compeosition according to any one
of claims 1 To 3, wherein the compound (B) is an emulsified

compound.
[Claim 9] An agueous coating composition accerding to any one

of claims 1 to 3, wherein the curing agent further comprises

an emulsifier.
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