1 TWO PACKAGE AQUEQUS CCQOATI NG COMPQGSI TI ON BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention relates to a two-package aqueous coating
conposition containing a carbodiimde curing agent. [0002] In the
field of a coating material, there have, previ ously been nany

sol vent - based coating materials, but fromthe viewoint of an

envi ronnmental problem they have been replaced with an aqueous
coating material having a small content of an organic solvént in
recent years. The aqueous coating 10material contains a water-sol uble
or wat er-di spersi bl PACKAGE OHSERATHHNG COMBRSITION

vol atilization of a solvent conponent such as water, after coating.

[ 0003] However, a hydrophilic functional group such as a carboxyl
group is attached to a resin in an aqueous coating material in order
to devel op water sol ubili tBACKGROUNDIQpEHE INVENYIONor t his reason,
there is a problemthat a | arge 15anmount of hydrophilic functional
groups renfdd013Mde prasenffiovetibrceddtesdo titivorpacidgasacuenas gbaiing wat er
resi stance of the coating filmis reduced. [0004] Then, recently,

tri al s haveohpesitishtcompdirihgtaocanpdimédepenrday spaote such as a water
resi stance of a coating filmby containing a conmpound having a

car bodi i m {0P] itheafield of aréoxdingyeaterial) thdresttareopi@vivashy eemataeyi al |
and 20reacting the group with a carboxyl group of a resin to allow

t he car boxgblvgnpPbasddcdatirg] materidls but Fene tHe Bewpatitie$ ah drvirdhmdn@8i05]
[ Patent Docunent 1] JP-A No. 2000-007642 [ Patent Docunent 2] JP-A No.

2011- 13237 prabibmatayt hdech@mntepidcolPnvith Me. aqlRiMsTb3BRG matelifldi At a
Docunent 4] JP-A No. 2010-260001 SUMVARY OF THE | NVENTI ON [ 0006]

However, tBgiaf dodSerftiof S@Moro8MicoPre ivF rddedit yedhe MHhd aqasblensisatimeat i ng
Smaterials of the above-nentioned Patent Docunents 1 to 4 are used

out dQ@rs i M8 confaife Blwatar-868|ubld EWHIRIISHETBILAS rédin, Utdeforald cddting
a house, a bridge, an industrial machine and the |ike, water

resi st anceg|nby VRitAithdidbs §%@%n%érﬁPoﬁQﬁﬁéd&m &4 Qaft! aferf ddtingnt | Y
obtained, and gloss is not sufficiently obtained. Concerning the

water T esi mjoas Bhovivet, % hiophi fShetihal BRS B éfglcg;rtgaaefxgl glduppisah

10t he aque oating matéerials have been apparent at the

initial stage-dd &fa fO8h idn AQuells Egaﬁlg@ﬁ{aé.ttéﬁlhﬁ%rwtoﬁi{v%i | watdry

progressed yet, and the water Tesistanc eintia age are

not suffi Cgapgyﬁ&gfégﬁi%{bggbﬁ“ .Ogcgldteréégoﬂf ﬁ'lére?éjggbrr?ﬂlbﬁf that a larige

execution ou enerated 1n ap of a coating

L B O R RS BEGRTED M it ACEIERSL SRR,

15ratio of "a coatli _ ( ki'ng nmay be genera
b 18 Bt S o\ SFRRILSL of el SR ted et on,
. PO R TR SV nod bRl it o Eb g ot
et e, B A Redghbea Bt TR AR o
perfor nancgar%%dﬁm?c?eaérioqj% a];sl :larcr:]uiri%g re]a%tent in an aqueous coating material, and
20 reacting the group with a carboxyl group of a resin to allow the carboxyl group
to be eliminated (Patent Documents 1 fo 4).
[0005]
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obt ai ned. [0007] Therefore, an object of the present invention is to
provi de an aqueous two-package coating conposition which is excellent
in long termstorage stabilities, is also excellent in water
resistances at the initial stage and gloss of a 25coating film and
is good for the environnment. 3 [0008] 20n order to achieve the

obj ect, the present inventors have conducted intensive studies, and
as a result, found out that the object is achieved by using, for a

t wo- package aqueous coating conposition, a carbodiimde conpound

i ncl udi ng a r es{fatenbDopomget A} IkRHeNgl 2000-2600041 kyl et her (PEG
portion), a 5residue of polypropyl ene glycol nonoal kyl ether (PPG
portion) and a carbodiimde portion, wherein nunber average
repetition nunbers of ethylene glycol (EG units in the PEG portion
and propyl ene glycol (PG ulSUMMARYIQF FHE INVENGIONre in the
specific ranges, and further, a nolar ratio of the PEG portion and

t he PPG po[000®) Hewever| thers has iatisen nengeroblemsi thaty whgn dlgeatueous coating
resulting in 10conpl etion of the present invention. [0009] That is,
t he psesenidiergsiof tiie pbové-feshtiantdPgienkBaeuragngolo 4 @aad usgd outdoors
conposi tion contai ni ng: (A) an aqueous acrylic resin
havi ng a caf breylo gbavlarg@suctures such as an outdd)wall formiasliseyadeidge, an
conmpound represented by the general forrmula (1): 15[0010] [ Chem cal
formul a 1] industrial machine whetieé hke, waRk esssthced at thicsigitial stagd dferS,
and two Ris are independently a residue of polyethylene glycol

nonoal ky! @baﬁﬂq 85&&@{@&@@&@@ btail, @@ﬂem@és fsonsusficiehtly dH1QiheH.
[ Chem cal for R2-0- (CH2-CH2-0)cr(2) wherein a

number aVe%@eFrﬁﬁgﬁihé Wéfbrrrégf%%nc‘és'a?t thé irdithd st enére [faﬁl@méﬂy aﬂﬂ%u@ﬂ
represents an al kyl group having 1 to 8 carbon atons, or a phenyl

gr OUR gdandie aquéSiad Evisi fmﬁﬁ?irbéﬂ)s" HQ\Yé B@Qn @bbéf&ntlﬁﬂ?ﬂfé@' the Hifi@rstage
represented by the general formula
after coating, a curing reaction has not sufficiently progressed yet, and the
water resistances at the initial stage are not sufficient, and thus when exposed
to rainfall soon after execution outdoors, a blister may be generated in a part of
a coating film. Further, when temperature becomes lower, since an elongation
15 ratio of a coating film is reduced, a cracking may be generated at a site where a
blister is generated. It is difficult to use an aqueous coating material by which
sufficient gloss is not obtained as a topcoat coating material. Further, in the
field of a coating material, long term storage stabilities of a coating material are
required, but there is also a problem that, when the aqueous coating material is
20 used after long term preservation, sufficient performance of a coating film is not
obtained.
[0007] Therefore, an object of the present invention is to provide an aqueous
two-package coating composition which is excellent in long term storage

stabilities, is also excellent in water resistances at the initial stage and gloss of a

25 coating film, and is good for the environment.



[0012] [Chemical fornula 3] CH3 R3-0-(CH2-CH0)T-(3)

i owherein a nunber average repetition nunber r is in the range of 4
to 14, and R3 represents an al kyl group having 1 to 8 carbon atons,
or a phenyl group, wherein, in the Ris in the general formula
(1), a nolar ratio between the residue & polyethylene glycol

nonoal kyl ether represented by the general 15formula (2) and the

resi due of pol ypropyl ene gl ycol nonoal kyl ether represented by the
general formula (3) is 1:1 to 1:15. [0013] The two-package aqueous
coati ng coifP@ss]tih onderftotdohiguectherabjéctytivet presentiosentass havaicomductgdnt |
a carbodii m de conpound including a PEG portion, a PPG portion and a
car bodi i m ddepsiveisturies,rahd as ahresult, fogndipet thae thepbbjethis ackevednipeusing,
average repetition nunber q of EG units in the PEG portion is in the
range of 6 fora 400-pabkage aheeows evaig cappositionra canediimideotomBound t s
in the PPG portion is in the range of 4 to 14, and the nolar ratio of
t he PEG poiindlading adreisidueRR@abhwethylene ighydoh midmatiyé ettfar ¢ PE@gertioh),1a 1
to 1:15, and thus it is 5 excellent in long term preserving

properst i es residde o$ palypromierad igodl monvalkgrethes{PrR@meesordtaride initi al
stage and gloss of a coating film [0014] Since the two-package
aqueous coghrrgliinfid® portidr) Whereihhirpb @SBrirag @ Y&dtition nuimBérs®f ethylene
excellent in a curing reactivity at |ow tenperature, it can forma 5
coating fi lgmcek(Eb) ahits iMheREG gortors bad Pespyéné BRcCON{RG PNk AGRe i PP@
rel ative short tinme, even when the curing tenperature is relatively

| ow. For eyamfirEard iR thE 8pa6ifie PaiSgs) AindTartReROSbldr @ati® bf tHeePBGaS®Abn
invention, only by being used and aged under the tenperature

envi r onfentanialé FP@ poHIdE ik &RPSpadifie Farkfe, =0 sHRPSgert, Rkt in

reaction effectively progresses in a few hours, and a coating film
10exq@l | entohiplefrest theHrésentGsvertiont he initial stage and gl oss can
be forned. Si nce the two-package aqueous coating conposition of

t he presenjpg i Rt i - I i
can effect F%%Wﬁ?{g&%éﬁ% Eéﬂesgeﬁnlrt]t ent t'%'? pﬂ'@%ﬁ% @%g%%qﬁgggé ItC ﬁ%agné

reason, a @bﬁ%@ftﬂ) éyméiﬂﬁqg"?f a volatile organic conpound and a

di scharge anmount of an environnental 15pol | utant based on the PRTR

Law ( Law Concer phfign BeBokS Beryie Hésin®iaviFel £ BafiRAPotdip, BT onment. of

Speci fic Chemc ances r onot nprove I'n Their

Managenent) can i -ahl C r ] | pUS
sol vent - based C(ggf? %gﬁﬁﬁlﬁglcﬁn@?%éﬁiigg%e% ﬂ% %ﬁ%@ﬁﬂ?@%\’é PH

| NVENEI ON i ] Hereinafter, the present invention wll be described
in détail rnlrne with preferred enbodi nents thereof. [0016] The

t wo- packaggg Fc%\‘?orﬁﬂﬁﬁ@g conposition of the present invention

cont ai ns: w an aqueous acrylic resin having a carboxyl group, and
6 (B) a carbodiimde conpound represented by the general fornula (1):

[0017]
R'™-0-C-NH CH2-<:>—N=C=N C|-t2—<:>—NH—q-o—R1 (1)
o] 5 o]

wherein p represents an integer of 1 to 5, and two R's are

independently a residue of polyethylene glycol monoalkyl ether
20 represenied by the general formula (2):
[0011]

[Chemical formula 2]



[ Chenical formula 4] 5[0018] In the present invention, as a resin
for formng a coating film an aqueous acrylic resin having a
carboxyl group (A) is suitably used, and this is an acrylic resin
obt ai ned by copol yneri zing an a, 6-ethylenically unsaturated nononer
havi ng a carboxyl group and a different 4a, p-ethyl enically unsaturated
nmononer. As the aqueous acrylic resin having a carboxyl group (A), a
wat er di spersion of 10an acrylic resin having a carboxyl group is
nore suitably used. As one rret hod of obtaining the water dispersion
of an acrylic resin having a oxyl group, there,i,s an acrylic
enmul sion, and the acrylic EIRJ rak hE‘ﬁ?par ed@)y perform ng
enmul si on pol ynerization in an aqueous nedi [ 0019] Exanpl es of the
a46-et hyl eni cal |l y unsat urated nononer having a 15car boxyl group

i nclude acrylic acid, metwhersihiacnurober, awarage rgpétitiomonumbengis in the
crotonic acid, 2- acryloyloxyethylphthallc aC|d

2-acryl oyl oxyet hyl succi ni cargge of, 6 m¢@,ram<}§t peﬂrysatpﬂsdraamplrgroup having 1
nono( et h) acryl ate, isocrotonic acid, a-hydro-w

((1- oxo- 2- propenypoxy) potoy$ mpﬁohaﬂnmslpﬁaf’pmenyég'rq@)) , maleic acid,
fumaric acid and itaconic acid. Anmong these, acrylic acid and

met hagrylic acid ar ead@for af residee. ofipolyprepylers ghicos prriokllohethen,
"(rmeth)acryl" refers to both acryl and nethacryl. [0020] Exanpl es of
the different a,p-etragreséntatliny thagpineraltfednuar(Bier incl ude
(meth)acrylic acid esters (e.g., nmethyl (nmeth)acrylate, ethyl
(meth)acrylgg®] n- 7 propyl (nmeth)acrylate, n-butyl (neth)acrylate,
i sobutyl (meth)acrylate, t-butyl (neth)acrylate, 2-ethyl hexyl

(et h) acr yrehémidattsrtlulael hacryl at e, phenyl acryl ate, isobornyl
(meth)acrylate, cyclohexyl nethacrylate, t-butylcyclohexyl
(neth)acrylate, dicyclopentadienyl (ngHj) acrylate,

di hydr odi cycl opent adi enyl ry nd the }jake),

pol ynmeri zabl e am de corrpoungém#%‘gsi %ﬁet acr yl amt dt, N- net hyl ol
(meth)acryl am de, N butoxynethyl (nmeth)acrylam de, N, N-dinethyl

(et H)bacryl am de, N, N-di bighgleif @ﬁ%ﬁéfﬂ&%é?ep&ﬂm&ﬁb& ris in the

(meth)acryl am de, N-nonobutyl (neth)acrylan de, N nonooctyl

(meth)acryl am de, 2, 4-di hya{gwf to YA "B PRPFONB8ERREN Alk(Paroup ha 1
10hydr oxyet hyl ) acr yI am de Lﬁyodr oxyet hyl ) net hacr ynl amg, e gﬁd tvI e

like), polynerizable arongfgca &%}{fﬁutgﬁ&% the nyfg

a- met hyl styrene, V|nyI ket one, tyrene, ra hIorostyrene
vi nyl napht hal en i r
acrylonitrile, acf'y g%l FF‘;S? tﬂQﬁ%ﬁELdl %ﬁ?'ﬂ a’&}n@ (rﬁtlc?between the

i i eB?opF’%&ﬁﬁ%‘%82%8@?%4*4*&5'?5@)?0“%5“‘#' %Pfe}fég%ﬁ?d SR o
i1 o,  TRUR RRYARRE RSB P frof PERB SN R3NoLIEN KB (Prrqegpted
R R T R A ion of the

20f ur t nor - G el {HRERaRGR S B o= e eS| b e SR TR

unsat urat egxses as a curing agent, a carbodiimide compound including a PEG portion, a

PPG portion and a carbodiimide portion, and in the structure thereof, the

20 number average repetition number q of EG units in the PEG portion is in the
range of 6 to 40, the number average repetition number r of PG units in the
PPG portion is in the range of 4 to 14, and the molar ratio of the PEG portion

and the PPG portion is in the specific range of 1:1 to 1:15, and thus itis



mononer havi ng a hydroxyl group include hydroxyethyl (neth)acrylate,
hydr oxypropyl (nmeth)acrylate, hydroxybutyl (neth)acrylate, allyi

al cohol, nethacryl al cohol, and an adduct of hydroxyethyl
(meth)acrylate with Ecaprol actone. Anbng these, hydroxyet hyl
(meth)acryl ate, hydroxybutyl 25(nmeth)acrylate, and an adduct of

hydr oxyet hyl (nmeth)acrylate with c- 8 caprolactone are preferred.
[0022] In the case where an acrylic emulsion having a carboxyl group
is prepared by enul sion polynerization, a crosslinkable nononer can
be used asextalledit irf longrierm4gesemirigeprioparties, andds alsatexgelienidneyaterhe
crosslinkabl e 5mononer is a conpound having two or nore radical

pol yner i zabdsistanbgs aehthedhitial stagatandagleds gf awoating fitmnol ecul e,
exanpl es of which include divinyl conpounds such as divinyl benzene,
et hyl ene g[0ial] Sindentehaepztiage, adiescaseriabing dio(petditf)carcofthetpresent

pol yet hyl ene gl ycol di(neth)acrylate, ally! (neth)acrylate,

1, 4- but anethiventidn (srelsh)eaxeldtrttie a dyrbrgheeatiatdat loat tejrpergiuae df can form a
10neopentyl glycol di(neth)acrylate and pentaerythritol

di ( meth) accyhimEfiimesceallentd inVivaldr reyistancet et thee ivitied isydde int akelative short
tri(nmeth)acrylate, trinethylol propane tri(neth)acrylate and

di pent aer ytilid, eobn e thiet duringrtghgieeatufd & @iatbely lokabFer exzmoner imthye
be a conbinati on of the above-nentioned nononers. Ally!

(net h)acr qutjéou§bdﬂaﬁr§1@orﬁb&§iﬂbn@f(ﬁ@bi@s@ﬂt ivehtomnshigbyibeiidesedand
whi ch can 15be handl relatively easily are preferred. [0023] The

emul si on p@PéWndéﬁth@iénﬁﬁbréfhréW@ﬁn@dhavfhgﬂa CureRpteriperat@é of R0 to
acrylic emulsion having a carboxyl group can be perforned, for

exanmpl e, bgoed %@hﬁmgﬂgemoﬂreﬂe%n%?r profraéeesin aFewHouRs| RIS cBRBE fim
cont ai ni ng, as necessary, a hydrophilic organic solvent such as an

al coRel , aggbdEph WWaEé?&ebi‘si‘eﬁ)ce%%rﬂﬁe AiHI RGa gl SRMgRESstcan Bé TR,

a43- et hyI enically unsaturated nononers to be used as a starting

material, and agpla/imRrtinveadd lg'erhdde%:h%rcdéﬂﬁgrcohﬂﬁis'it% e Présdntng.
The mxture of a43-ethylenicall'y unsaturated nononers to be used as a

starting ”H\%h}léﬁ a!@re%e@%‘bﬁ'édﬁ%uﬁ%o%ﬂn?'ﬂn@c%élsitfda%refPéBﬁvé@tr@Hubé‘

advance. [0024] Exanples of the polymerization initiator which can be

sui tably Ufrgéjcér?téng azo% alwﬁﬁrzca.%fmabeﬁ' HdRscharyd anRiinPbt ¥

conpounds I'SI so ut yronitri

2,2' -azobi g I%) @éhﬁ:“ér%fﬁg&iﬁ hﬁ)a’ dlgcl?argézé?ﬁbﬁ?(tﬁjf% Qr\\ﬁi%tnméntal

vaI er onitri aqueous conpounds ., antonic

azobpamﬁaﬁvsé@é/@b@%& PRETESlaw fo. i BhRERNY %p%wﬂpg)yaf@tméleéses

rreth Ipro onam di ne an

2, 2' L azobl fcf %é@},@}dﬁé%ﬁ&%cf# Ehemic Surstd REQY Pofloty

perOX|des per'oxi de, parach oro enzoyl  per oxi

| aur oyl Erﬂ&oqr%méqtgm ¥heﬁfi£%§e$ﬁ‘%ﬁ)égﬂ btefl:%dsi&%‘?éblgf}g paus

per oxi des SSi um per amroni um-pers

by & per sofotpETsb A Piedlcs ol Bl ioai il ol e

used, a reactive errul sifier, for 10exarrp| e, Antox Ms-60 (nmanufactured

lc)% NI PPICJ\II N:j(UKAZAI ., LTD. ), Elem nol JS-2 (manufactured bé ganyo
éDEEaC%OE%BrSfT on) Aﬁﬁéwﬁ%ﬁmﬁmﬁﬁiﬁ%mﬁgﬂﬂ&o

El YAK I
oS! Yabo ool Bl 16 o B i dscRbgl Aok e it

mer capt an i ncl udi,ng | auryl rcapt an, a-nethyl styrene diner and the
li ke can b&r gg@dﬁh@gﬁg@gﬁn&eregg
[0016] The two-package aqueous coating composition of the present invention

contains:

25 (A) an aqueous acrylic resin having a carboxyl group, and



[ 0026] The reaction tenperature is determined by an initiator, and is
for exanple 60 to 90C in an azo-based initiator, and it is preferable
to performa reaction at 30 to 70Cin a redox system GCenerally, the
reaction time is 1 to 8 20hours. An anobunt of the initiator based on
the total armount of the nononer m xtureds generally 0.1 to 5% by
mass, preferably 0.2 to 2% by nmass. The emul si on pol ynerization can
be performed in nultiple-stages, and can be perforned, for exanple,
in two-stages. That is, first, a part of the m xture of a, p-

et hyl eni cal | y ufBhagathastimide compound reprasestedciby a”-esgemerahg:rrmﬂaﬁ)al
is 25subjected to enul sion polynerization, the remainder of the

a, 3-ethyl ef@A]ly 10 unsaturated nononer nixture is further added
thereto, and emul sion polynerization is perfornmed. [0027] An acrylic
emul si on wWCledmiahfdrenulddd obt ai ned can be suitably used as the
aqueous acrylic resin having a carboxyl group (A). It is preferable
that a volune averagge particle size of theg enulsion is in the range
of 0.01 to 1.0 pm gt he vol aver a hicle s/ Z8 is |less than
0.01 pm t Wér@-ﬁsNal @ iQH2 W GHy @ UH?ﬁTd)'vaen (1)
t he vol une averege pfgr le siz xceeds 1 O-p there=¥s a 0O
possibility that an appearance of the resulRing coating filmis
deteriorated. It is possible to regulate this volunme average '
10par i cl e[(0183 Ivtheagidseht myenfion, fxampsin fonfonaiey a coames filnh,em agueous
emul si on pol yneri zation conditions. The vol unme average particle size
can be neagyriig résinhdvafies chitdiyl §eaip @Diigguiasipaded | AP His f amatiyic
vi ewpoi nt of storage stabilities, the enul sion can be used at pH5 to
10 by neut radih Bbfindd bl capbRMSHZAITRA WBLetiiémbhiBsudatiRged afdromer
15conpound i ncl ude amoni a, net hyl am ne, ethyl am ne, dinethylam ne,

di et hyl am Rgvingd sRbbXYIadro0g arld 4 éHéYémfﬁ,F%thﬁbﬁ%bhvhngéth?ét@H FdMSMer.
di et hanol am ne, di et hyl am noet hanol, tri ethanol am ne,

tetraet hyl AgRAIAMeBYE eNIiE FesiR RN Edafood EF&RWP@)FE Rater disRersiqn of
tripropylam ne, butylamnne, dibutylamne, tributylamne and the I|ike.

The ﬁ%“”agr%sidm&sﬁ r@é@ﬁ@é oA RS EP I Rerd ity 05edf h&loddethod

enul sion pol yneri zati on by addi ng tRe basic conmpound to the system

0029] As 3 i i i i | A
[ ] Bf Hﬁfaﬂﬂﬁ%%e QR DEPs s VG S ?ﬁgﬁ@%éh %vmph%ga@f%&yl dréup,

resin other tha e acrylic emul sion, els ane

in o | cem re’is | | )
perf or M n9RbyS bAMCAAICKTRISKH, AR h8 RRIR! dmBRIGAREH b6 pFesirad 15Y

t hereafter, tarning a resin dispersion (acryl spersion) “in

vater. Theoafbihi dhIRRIPAGImEMalish #PLALRBGRY riddigth, Perform ng 11

sol ution polyneri 1on o eni ca unsat ur at ed nononer

having an 'QA%@H?%BP{Heb&,gl-ét@glehﬁ‘c%lIgiﬁsgﬁf?é{ﬂ[eﬁ%iiﬁ&rln\ér!{ﬁgiﬂblﬁ at ed

g'D]Ic']](c)I’TEI’ m ur n_ essent| npone oge er wth s "
B
o0 AL Z PP B O Bk o,
Lo B bR RS T, oA F a
DR LN AT M R T SN SR TR
TP E VLS SER N A SETR T Dt T
AR P NUIEN T MEIE N 0 Pt S gy

as a whol e s%éisfﬁEthe requi rement concerning a carboxyl group.
15[ 0031] TH¥'P8FYherization initiator is not particularly limted as

f it [
ar-as i tOSOZ%ﬁ %(almnples of the different a,B-ethylenically unsaturated monomer include

(meth)acrylic acid esters (e.g., methyt (meth)acrylate, ethyl (meth)acrylate, n-



normal pol ynmeri zation, and exanpl es thereof include an azo-based
conpound and a peroxide. Cenerally, an anount of the pol ynerization
initiator based on 100 parts by mass of the nononmer mxture is 0.1 to
18 parts by mass, and preferably 0.3 to 12 parts by mass. 20[0032] A
sol vent which can be used herein is not 7particularly limted as far
as it does not adversely affect on the reaction, and exanpl es thereof
i nclude an al cohol, a ketone, an ether and a hydrocarbon- based
solvents and the like. Further, In order to regulate a nol ecul ar

wei ght, a phmyth(meﬁﬁecwiatagehutﬁ(mlatha)scwéat@aiﬁﬂghtyl traethdacrylatedrijutyl
mer capt an, a-nethyl styrene dinmer and the |ike can 25be used as
necessary. (méth)aeyBeg, 2-wethdhexy{methberyiate: laarylumelbacalaieagbenyl acrylate,
nol ecul ar wei ght of the acrylic resin thus obtained by sol ution

pol yrrer i zaisoborid (detiacitatgpeiichexds meteacrplatei trhutylngclobedr aver age
nol ecul ar wei ght of the acrylic resin obtained by solution

pol ymer i za{meth)aenyldte, diepclopedtatienye{meib)awyisie dikydrodieydgpeptagienyl
5(GPO) using a polystyrene standard sanple. [0034] By renoving the
sol vest fr gmetheacytaty laind the dike), polymerézhby aride compopoty fepi.zat i on as
necessary, and adding a basic compound to neutralize the acrylic
resin, the(mbsh)aaklangidehN-methylol¢nretisjacrylamitica N-baicsgmetisglat e, t he
aqueous acrylic resin having a carboxyl group (A) is obtained.

Exanpl es o{mbtHatghasiie, Nokwrimethyl (rbktilectylenides NoN-alibgtpiunds
exenplified previously. An addition amount of the basic conmpound is
pref er abl y (imetf)atiyiimiden RUKdb dtglmethdorylamidé, N-meorasutyl(yreth)yacngdamide,
the acrylic resin obtained by solution polynerizationis 60 to 100%
When the neuioabbést (hsth)aéiyRinide] Basdihdiox§OPviritasrezobbenone, N-(2-
possibility that the acrylic resin is not sufficiently made into an
15a04@0US i aickycMfashylimie, N-abhydiokgsthanmetinicylantide RABIAY liRek

t hus obtained aCrylic resin can be used as a water dispersion of an
acrylic r egbﬂ/mériza'b%_ BFHh &5 Rpbhads fe.Y0lsWFBnavehadRyBaFéns, engiketone,
of the water "dispersion of an acrylic resinis in the range of 0.01
to 1 pm V\h-%ug@étﬁrew@, bEPaé\‘lY&béﬂ@erﬁérﬁhy@h@pk&hél@n@?ﬂddﬁth\éﬁIk?b,rbdlﬂﬁeﬁiﬁbié

range, there e  advantages that a 20stability of the water

di i f i {
i sper si °”p&ﬁ%§g§§égéggggﬁﬂ%0 n#&thalaﬁlorﬁtm@a@@ﬁ@m@, afolbfites @%ﬁ ktiyighe,

coating fi 036] the water dispersion o

acrylic r eg,htyb,ﬁ@e(é' 86 %&ﬁ@(}gm% S%t%@’e/.%g\_/ﬁ@i doyate! &) p%lﬁoﬁiﬁt%i ahd the

solid cont is prefera and nore preferably 5 to

25 1, 50:{9 )i%‘:j@iérlé% (%9;; dbl\.ft%mé‘?'ne?fsoﬁ@né 8R4 Mhe gk‘%)lsi PGW&%bﬁéam&hgr

t han wat er Tesi stances a coatin m-are reduced, an

13 when th%oﬁ'lﬁoglnﬁgl b@xh%friEQB‘%rnifrﬁ@é] agol@gﬁg,%yl%gg%%ﬁ%&éhe&t Those Y

of the water Spel”SI (0] aresin |'s reduced. € aqueous

acrylic reg'jl'ée]" Q%%%(&téad g@é&}g- Itoqggﬂﬂ?ﬁé\éd RY. further contain a

\évatsglrhzlogu a [ Cf, rezl n |8 {%rlgt er %% L)érfl:cr ealjsgngi:]oss. 8;I'dhéltr; vvaltt er-

ot ol 160 A R A o it

e ARt RGBT B o

iy e RGus Ui il BTG IR AR

- o ot AR A RGOt

Gl oy | o KPR (Re AR REP ROk R G RIS At alconol,
methacryl alcohol, and an adduct of hydroxyethyl {(meth)acrylate with e-
caprolactone. Among these, hydroxyethyl (meth)acrylate, hydroxybutyl

25 (meth)acrylate, and an adduct of hydroxyethyl (meth)acrylate with &-



[0039] In the water-soluble acrylic resin, an acid value of the resin
solid content 15is preferably 35 to 100 ng/KOH, and nore preferably
40 to 80 ng/ KOH Wen the acid value of the resin solid content is

hi gher than 100 ng/ KOH, water resistances of a coating filmare
reduced, and when the acid value is | ow& than 35 ng/ KOH,

wat er - sol ubi |l i zati on of the resin becones insufficient. A nunber
average nol ecul ar wei ght thereof is preferably 4,000 to 20, 000. Wen
t he 20nunber average nol ecul ar weight is |arger than 20, 000,

vi scosi ty ofpelaciané age peaferredl becones too hi gh, and when the nunber
average nol ecul ar weight is smaller than 4,000, water-resistances of
a coating {0028]dn éhe easecoticerd 80401yiiA emgsionshavingf caneoxyégraupsisl i d
content of the aqueous acrylic resin contained in a coating nateri al
(wat er di spessared by emulsionspdlybka}ation, @ erbeslirtiaples@nbmear cbd: e Gsedras
t he viewpoint of further inprovenent in coating filmgloss. 14
[0041] |n thHediifcese,Bietivdenically uasatargied mbrvrmeh Tl clusshnkatdd| vy
used as the carbodiim de conpound represented by the general fornula
(1): [E0042mdricmen iea cdrapomdihaving twe et mdriectadical polanarizabigethtylendaally -
be produced by perform ng a condensation reaction acconpanied with

decar boxyl ahsaturaed4yréups tys hadiexyit netdmplesdfivericly imchide dieipyksent ed
by the general fornula (4): [0043] 10[ Chemi cal forrmula 6] 0=C=NOCH _

N=C=0(4) icBnpoliets ls0ch vatdiga|Ibenz&ns wahdtee igbfosl diineth)acrylate,
di cycl ohexyl net hane carbodii mde represented by the general formula
(5): [ 0044hekahédendigabi)acidt® pdiyvethylene glycol di(meth)acrylate, allyl
(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hexane di{meth)acrylate,
10 neopentyl glycol di(meth)acrylate and pentaerythritol dilmeth)acrylate, and also
triallyl cyanurate, pentaerythritol triimeth)acrylate, trimethylolpropane
tri{imeth)acrylate and dipentaerythritol hexa(meth)acrylate. The crossiinkable
monomer may be a combination of the above-mentioned monomers. Allyl
(meth)acrylate, ethylene glycol dilmeth)acrylate and divinylbenzene which can
15 be handled relatively easily are preferred.
[0023] The emulsion polymerization in an agqueous medium in preparation of the
acrylic emulsion having a carboxyl group can be performed, for example, by
dissolving an emulsifier in water, or an aqueous medium containing, as
necessary, a hydrophilic organic solvent such as an alcohol, a glycol or the like,
20 and adding dropwise a mixture of a,B-ethylenically unsaturated monomers to be
used as a starting material, and a polymerization initiator under heating and
stirring. The mixture of a,B-ethylenically unsaturated monomers to be used as a
starting material may be emulsified using an emulsifier and water in advance.

[0024] Examples of the polymerization initiator which can be suitably used for

25 emulsion polymerization include azo-based oily compounds (e.g.,



0=C=N CH2

10

15

20

25

N=C=N CH2 N=C=0(5)

azobisisobutyronitrile, 2,2’-azobis(2-methylbutyronitrile), 2,2’-azobis(2,4-
dimethyl valeronitrile) and the like) and aqueous compounds (e.g., anionic 4,4'-
azobis(4-cyanovaleric acid), 2,2-azobis(N-(2-carboxyethyl)-2-
methylpropionamidine and cationic 2,2’-azobis(2-methylpropionamidine)); and
redox-type oily peroxides (e.g., benzoyl peroxide, parachlorobenzoyl peroxide,
lauroyl peroxide, t-butyl perbenzoate and the like) and aqueous peroxides (e.g.,
potassium persulfate, ammonium persulfate and the like).

[0025] As the emulsifier, an emulsifier which is usually used by a person skilled
in the art can be used. As the emulsifier to be used, a reactive emuilsifier, for
example, Antox MS-60 (manufactured by NIPPON NYUKAZAI CO., LTD.),
Eleminol JS-2 (manufactured by Sanyo Chemical Industries, Ltd.), ADEKA
Reasoap NE-20 (manufactured by ADEKA Corporation), Aqualon HS 10
(manufactured by DAI-ICHI KOGYO SEIYAKU CO., LTD.) and the like are
particularly preferable. In order to regulate a moleCL_JIar weight, a chain transfer
agent such as mercaptan including lauryl mercaptan, a-methylstyrene dimer
and the like can be used as necessary.

[0026] The reaction temperature is determined by an initiator, and is for
example 60 to 90°C in an azo-based initiator, and it is preferable to perform a
reaction at 30 to 70°C in a redox system. Generally, the reaction time is 1t0 8
hours. An amount of the initiator based on the total amount of the monomer
mixture is generally 0.1 to 5% by mass, preferably 0.2 to 2% by mass. The
emulsion polymerization can be performed in multiple-stages, and can be
performed, for example, in two-stages. That is, first, a part of the mixture of o,p-
ethylenically unsaturated monomers to be used as a starting material is

subjected to emulsion polymerization, the remainder of the a,B-ethylenically



(wherein p represents an integer of 1 to 5) and, further, reacting
this isocyanate- term nated di cycl ohexyl methane carbodiimde with a
m xture of polyethylene glycol nonoal kyl ether and pol ypropyl ene

gl ycol nonoal kyl ether. 20[0045] Production of the

| socyanat e-term nated di cycl ohexyl nethamng 15 carbodiim de can be
performed fundanmentally according to a previous nmethod of producing a
carbodiim de (see US Patent No. 2,941,956 and JP-B No. 47- 33279, J.
Og. Chem, 28, 2069-2076 (1963), Chem cal Review 1981, vol. 81, No.
4, 619- 4, 62unsatrdi@dehoftrer ovixtars it fudher edded theratog andamaldion t h
decar boxyl ati on of dicycl ohexyl met hane dii socyanate progresses in the
presence obolymenizationiispadoadedat al yst, and as this catal yst, for
exanpl e, phosphol ene oxi de such as 1-phenyl -2-phosphol ene- 1- oxi de,

3- net hyl - 2{@0RY] phrodewhe 2ruiside which eampe-tBupbbiaiied earebé-switakdly, used as
1- et hyl - 3- et hyl - 2- phosphol ene- 1- oxi de, 3- 10

net hyl - 1- phisnsquéeyhasyho resie havingi aleabioxgl gloppgaRhtilie peesfemabiethat a

t hereof can be used, and fromthe viewpoint of reactivity, '

3- met Byl - 1yphweny bvérageqspticle sl oDibedanaleipnas émtietranget dfd.geren @ pm.
formula (6): [0047] [Chem cal forrmula 8] 15 (6) is suitable. [0048]

It is pref gviadn thd Velumidevarags piaftitld epas RisdrtRan 10.0-hant amstersat i on
reaction is in the range of 80 to 180C, and when the reaction

t enper at ur @oks§ibie) Mt warﬁaﬁiﬁtggg redited; A8 WEh thel®ilbReaRFagXpartieR] v
| ong, and when the reaction 20tenperature exceeds the range, a side

S T I A
Further, tQR8afegfiRgiLdeleABARBSE A8 PokSIbRY ©f repalkity this VBlune ¥h&agehe
10 particle size by adjusting, for example, monomer composition or emulsion
polymerization conditions. The volume average particle size can be measured
by a laser light scattering method.
[0028] From the viewpoint of storage stabilities, the emulsion can be used at pH
5 to 10 by neutralizing with a basic compound. Examples of the basic
15 compound include ammonia, methylamine, ethylamine, dimethylamine,
diethylamine, trimethylamine, tristhylamine, dimethyl ethanolamine,
diethanolamine, diethylaminoethanol, triethanolamine, tetraethylammonium
hydroxide, propylamine, dipropylamine, tripropylamine, butylamine,
dibutylamine, tributylamine and the like. The neutralization is preferably
20 performed before or after the emulsion polymerization by adding the basic
compound to the system.
[0029] As a method of obtaining a water dispersion of an acrylic resin other than
the acrylic emulsion, there is a method of performing solution polymerization to
obtain an acrylic resin, and thereafter, obtaining a resin dispersion (acrylic

25 dispersion) in water. The acrylic dispersion can be obtained by first performing



16 degree of condensation exceeds 5, dispersibility upon addition of
aqueous di cycl ohexyl met hane carbodiim de to an aqueous resin is
reduced, and further when the aqueous dicycl ohexyl nmet hane
carbodiimde is fornulated into an aqueous solution or an aqueous

di spersion in advance, since the disper$ibility 5is |ow, a good
aqueous sol ution or aqueous dispersion is not obtained. In order to
rapidly conplete the reaction, it is preferable that the reaction of
4, 4" - dicycl ohexyl met hane dii socyanate is perforned under a stream of
an inert gasluiootpohgnerizationesf. arf @@sethylEmisady wesatiratedymboomey hagingaare
carbodiimde of the present invention 10can be isolated fromthe
reacti on swsidegnoapaimsdiihed far the usgrathytenibally unssatutdied Mrnornéamixiure as
structure thereof is represented by the general formula (1) is
support ed by emsentidlramepbrerg ptogether withrRhesgitietend o frathyéenicallyear
magneti c resonance absorption (NVR) spectrum [0051] Two Ris in

t he gener aunbaturated ridnomer,tdme neuttaidingtheéeesulipdwith abashecabpowsknt
invention are independently a PEG portion represented by the general
fornulsa ( 2J0030)®s2heldahaivrcpolyeriaaiion, 2] methdd inGrviRickitRe B)ixturé 2§ a, -
20(wherein a nunber average repetition nunber g of EGunits is in the
range of 6 ettpyldilcalnehdituraegd asmiohserano dlekydedoioa ptdrting meatéribl tdyether
carbon atons, or a phenyl group) and/or a PPG portion represented by
the gener akithas polyendrizhtioh M8i6abr [ 4Paesddeal drbpwind t@ d 8dlvedfiunder heating
?1-13 R3-0-(CH2-CH-O) (3) (wherein a nunber average repetition nunber

r of PG unbbﬁdménlwmbmwm@cseg@ieréuy 0séd., Irainé dShditeiTsagson solatiom! Kyl
group having 1 to carbon atons, or a phenyl group). That is, the

car bodi i m gelwz%ﬁmaﬁl Rr exBfne, ecﬁerpiolyme@ﬁﬂowtempérm@e@ i4 6616 966°C, and

where two S in the general forml a (1) are a residue represented by

the %ner akhd aaaMbA deéaw@,edmae T@@ 5ddel O Iedirgs mhe«ﬂscbpsoémeqa Maherize
formul a (3), respectlve y, and the case where both of two Ris are

each a resk Il?%r@étﬁr@ﬁacg%ﬁb?f{eré% Bt del s #Etdrivey aRnsnalby
formul a (3) S ec |caI 'y, the carbodiimde conpound of the present

i nvention t i
ST O SRAH RS sk B3 g oL AU kBN

satisfies hhﬁ afufae8 rﬁﬁﬁ?@ ?s ﬁ@%@éd a(éﬁl)tlng rﬁ%@l’gga'%d]’@'s%lﬂsmﬁeo‘c

two Ris in e genera Isare ue represented by the

gener al fo n?%tcdi@:% rgﬁ aoéah‘ﬁéx;!'l r@uﬁes' due represented by the

gener al forrm a a conpou I'n which both of two Ris in

the ggneral odﬂﬁ@ﬂﬁa@u%eﬁ&&.&a fiftof RHA B iRSRAES aB¥al 881 4008ERn

forrrua(2 a conpound 1n whic

general f O)rn'gHJngl S afEE rfl EfathPids thERGEHRNIdFaR ¥zbRs88Mibound

formula (3
and a peroxide. Generally, an amount of the polymerization initiator based on

100 parts by mass of the monomer mixture is 0.1 to 18 parts by mass, and
preferably 0.3 to 12 parts by mass.

20 [0032] A solvent which can be used herein is not particularly limited as far as it
does not adversely affect on the reaction, and examples thereof include an
aicohol, a ketone, an ether and a hydrocarbon-based solvents and the like.
Further, In order to regulate a molecular weight, a chain fransfer agent such as
mercaptan including lauryl mercaptan, a-methylstyrene dimer and the like can

25 be used as necessary.



[ 0054] The pol yet hyl ene gl ycol nonoal kyl ether which can be used for
form ng 20t he residue represented by the general fornula (2) which is
the PEG portion of the carbodiimde conpound of the present invention
is represented by the general formula (7): [0055] [Chem cal formula
11] 18 R2-0-(CH2-CH2-0)H(7) (wherein alzwunber average repetition
nunber q is in the range of 6 to 40, and R2 represents an al kyl group
having 1 to 8 carbon atons, or a phenyl group), and specific exanples
t hereof include poly(ethylene glycol) nononethyl ether, .paly(ethylene
gl ycol ) nol®s8hitlis éf&f@?ﬁ%ﬂ%}@e@Wb@h@@W@dﬂ?'eﬁ%'ﬁbmedﬂWIO?é’gﬁg@P, Ic

pol y(et hyl ene gl ycol) nonobutyl ether, and poly(ethyl ene gl ycol)
nonopheny| resiméhs chiginedrhy salution polyprizalion s éﬁ@@ogp@@@@@ r%ﬁcﬂ?@fjhyl
ether is suitable. [0056] The nunber average repetition nunber q of
the EG uni hereim the@unﬁferweragmmoieqm@weagt of the agndiG resiroblaingd by
40, and nore preferably in the range of 1010 to 35. Wen q is | ess
than 6, hydolafibn pobimsrizationsandze megsttesiby gatipemmestion dpemategraphy
is inferior. On the other hand, when g is nore than 40, water

r esi stancefGRER usinigea polystyr€s Elantiaed pampls.opyl ene gl ycol nonoal kyl

et her which can be used for form ng the residue represented by the
gener al f of00843 By3pmavirghthiessalventPrRen e acoic sesin Dbtrined by swlutiande
conpound of the present invention is represented by the general

formul a (8polyhi¥izatioh @sareceasarfyp andlaadirg] a OesicRINIPGUEIRicdMeWyaEedhe
20(wherein a nunber average repetition nunber r is the range of 4 to
14, and R3acsfit essing thessbyaimekingthelgerileovies inte en&qoepbestaieotine, or a
phenyl group), and specific exanples thereof include poly(propylene
gl ycol ) noaguediy heslit essin pavingr oasospkegrpupdd)) s oitadeidykxamhles, of the
pol y(propyl ene glycol) nmonopropyl 19 ether, poly(propylene glycol)
nmonohut vl ghBRconisduHdinelideang belsiccedmpommds exemplifidd prexiduskt han

and pol y(propyl ene glycol) nonophenyl ether, and particul arly,

pol y( pr opy Lgagiofll are&int oTeRe BHEY coptpind i Frefaralbly such 8&93 nébealimatibar
average repetition nunber r of the PGunits in the PPG portion is 4

to 14, pretsiabt thelcdrBodd grdd i theeieyiablasinrobiainkd byasolutiost
preferably 4 to 8. A carbodiimde group in the carbodiimde curing

agent may r%@Aﬁﬁeﬁyﬂa&ienw@wtotmog@.nwreérﬁr@ e ealiga o ratly isnegssthandgi,
When t he cgr odii mde groups are reduced by the reaction wth water,

the crossl igieng 2deRSidiMy #hatdhe Rl ebinl i not siffiditetid maddl irtb@an
sufficient performance o¥ the 10coating filmcannot be exerted. Wen

the nepetit] d Stokdyd B@baftiesrBMfeaped range, PPG having
hi gh %dr oplqggloglgty |é’sé?or egeghq at a large anmount in the vicinity of

et er  and L B e B L e e
acrylic resin. It is preferable that a volume average particle size of the water
dispersion of an acrylic resin is in the range of 0.01 to 1 ym. When the volume
average particle size falls within the above range, there are advantages that a

20 stability of the water dispersion becomes good, and further, an appearance of
the resulting coating film becomes good.
[0036] In the water dispersion of an acrylic resin having a carboxyl group, an
acid value of the resin solid content is preferably 3 to 30 mg/KOH, and more

preferably 5 to 25 mg/KOH. When the acid value of the resin solid content is

25 higher than 30 mg/KOH, water resistances of a coating film are reduced, and



coating filmhaving a rapid curing rate and a hi gh crosslinking
density is 15obtained. Since the coating filmcontains a PPG group
havi ng hi gh hydrophobicity at a | arge anobunt, water repellency is
inparted to the coating film and water resistances are inproved.
When the repetition nunber r is less th#® 4, PPG having high

hydr ophobicity is present only at a small anount in the vicinity of
the carbodiimde group, and thus a curing rate is slow, and a coating
20 fil mhaving a high crosslinking density is not obtained. Further,
since suff wtieerthe\micbvalue@@IdvardpanarmgtK%B, amecharical stabildy ob the wgter
film water resistances are reduced. Wen the repetition nunber r
exceeds l4dispensien bfdrepindbireducedof a wat er di spersion of the
carbodii m de becones too large, there is a possibility that a

particl e s{0O8TTheteguemusracdylicpesii aviheg aararboxydgoeurs AXhay fgttess of
the 25coating filmis reduced, or a water dispersion is not forned
and oi | andomizirea watér-aplebleperylic sxkin [rOO@IEr to mareasecglobsdiThis water-
conmpound (B) used in the present invention, a nolar ratio of the PEG
porti en andolubke &RQipesdin canibe dbtained by p&rforpring sohilibn pblyinexezHtichSof
nore preferably 1:2 to 1:9, further preferably 1:3 to 1:8, and nost
Spr ef er abl thelag-tinylentcalWieraturat@danonatied hakvinighen REIG group descritsed for

| arge, water resistances are inferior. A carbodiimde group in the
carbodi i m ¢ aB-eihglenieily unshtirateghmshogie Inyixture astzh sddehtisbt@npdoent,
generate a urea group. In order to suppress this reaction, it is

pr ef er abl etddeateit With B difersnt cop-tingeniaalp dhbatursted notbrher.

hydr ophobi ¢ as nuch as possible, and the contact with a water

10nol ecul e[O(BBE)QWe witep salubid aerylidtédin @bntiteufRGioostdraplel B%hébﬁélizing
since hydrophobicity is manifested too nmuch, water dispersibility is

inferipor, grasimithid basic 8bMmpaRhd IR Gxamife BN 8fgdnid i stidrea®EG

portion and the PPG portion is based on a formulation nolar ratio of

PEG and PPﬁndM&Jn@éthl%%iH%edirrﬁthﬁlQﬁir%,QﬂM@iHﬂ’é}nﬁi‘e,Ftr'i@h?l@frhﬁé“ i mide

conmpound (B). 15[0 he reaction temperature for an addition

reaction o iié&tﬁohﬂt@ﬁgﬁé‘,%énoéﬁéﬁbﬁ%iﬁé, deMarophiRing 4mf hane

carbodiimde wt m xture of polyethylene glycol nonoal kyl ether

and pol yprewéfmp%trgéwd}%ir{g%a'd%o[ﬁh §he rSsihn Wagerr ange of 60 to
180C, and preterably in the range of 100 to 160C. Wien the reaction

tenper at ur pqep) e} Ta{B'rﬁsdlLi’:ﬂﬁ‘?:wrs}lil%"'f’eél“?’figl;‘iﬁ%'gJI VallTE RefO e S8fid EBeNt

| ong, and versely when the reaction tenperature exceeds

e 251 boals Trei 2B, S5 F68 iy KBRY, drd WERP BRtol PP 56 4 48 @IS VThen
are not prﬂi&@éﬁﬁ'\%iuég%%lregmaﬁﬁg HMERYS i 1 eegp@kbwm rt he

present invention, a mxing r ous  acr resin having

2, car boxyl  SEQURCLAY AaHAE AR RS RASIdE. A0 SHEPHACAA BEERIC TGl han

t he genera ormu S SucC a | ueous acrylil q
i A) i 600 . ] \ 0

(he ca PP BRSBTS R MY i
20% , . i i hO.

Lo, 20% 0 E0S e HiofRehlef it tetaf i OB Ogp B od bl her,

o 5 20 o 1namibs” vBiiitscpi it Sl i Bt eleb oBle SsE o TR b Hind °

coon et nAtP NGBl B SR, BRel 362 B afehind S5l B &

coating material, In resent. jnventi.on, the .
g smaller than 4588 Waterrosislances of 2 ¢oating film are reduced.

[0040] A mass ratio of the resin solid content of the aqueous acrylic resin
contained in a coating material (water dispersion : water soluble) is preferably

25 2:1 to 10:1 from the viewpoint of further improvement in coating film gloss.



10t wo- package coating neans such a coating material that when a main
agent and a curing agent are m xed, a curing reaction proceeds at
anbi ent tenperature, and thus the coating material cannot be stored
as one conponent, and the two packages are stored separately, and the
mai n agent and the curing agent are m x&d i medi ately before use.

15[ 0064] The two- package aqueous coating conposition of the present

i nvention can contain an organic solvent which dissolves in water.
Speci fic exanpl es of the organic solvent include ethylene glycol,
propyl ene {IGAIJIIN tha prasentinyepton, arcompoupd wiclecan pespitablydisidapthe
nmonobutyl ether, diethylene glycol, dipropylene glycol, and

di et hyl ene cgtbodiimige compoyndeeprasentadoby theegemerapioirmula20lof r educi ng
use of VOC as nuch as possible, it is preferable that an anount of

t he organi P®H]vent is as small as possible. [0065] The two-package
aqueous coating conposition of the present invention can contain a

pi gnent . SfElkermical foremghh 68 of t he pigment include col oring pignents
such as titanium oxide, yellow iron oxide, red iron oxide, carbon

bl ack, 25pht hal ocyanigne bl ue, phthal ocyaniqne green, azo red,

gui nacri done red, anfl//2% benzismdazol one [yertqw, extgemer pignments
such as calRrQ ciliHop gk NESEN T GH & Nl:l-11(‘fsr|Ct-;R1
and rust prevenQi ve pivgrents. A-edncentrat| O f the prdgnment ioh the

aqueogs coating conpesition is preferably-1® to 50% by nmass. 5[ 0066]
The two- package aqueous coating conposition of the present invention
can cont ai andwisiellig iaveuri irfticanexapmidesed bytgeeforhiid &\contdegsatith a
di spersant, a viscosity adjusting agent, a curing catalyst, a surface
condi ti oni pehcliB@Eccopipatidd (vithrdetarifngititioncof, aslicytddtixylnsethaha
form ng aid, an ultraviolet absorbing agent, an antioxidant, and a
curing ageﬁtisod&@hgftﬁ?dpr&@'!tbuﬁbyﬂﬁé?@ﬂ@réﬁ@@@&lé (8pating conposition of
the present invention can be coated onto an arbitrarily appropriate
substrate. | es of the substrate include netals, tinber,

pl astics, rubbér, stone materials, slates, concrete, nortar, fibers,

papeny 9l agsShemRiaf fdrdiula gfar t henware, filmns, and conposites thereof
For exanpl e, when the substrate is an inorganic substrate 15such as a

sl ate or concrete, a—<seal er maybe applied onto a surface thereof in
advance. V\V@Qc&rc rmﬂb&@onsi ration, preferably,
the conposition | s\app iegzto et al . Exanplgg of the nmetal include
iron, copper, tin, zinc, alumnum and stainless. [0068] Exanples of
an articl e; F ;Qﬁ% . ; ; heWashodiimid
surface ang{gﬁﬁﬁﬁgggﬁ a§2§'§%3|u 3§§ﬂF%§%eggw§§%§§$§@ﬁ%$@ ?ai r%ég“ €
vehi cl es, i j .eRridges, marine structures,

pl ant s, taﬁﬁgg%gﬁghfﬁégﬁe‘?E%%ﬁ?gﬁﬁﬁ}s'ipes, steel pipes, and cast
iron pipeslodﬂ} addi tion, the aqueous coating conposition can be al so
applied to*a éilding and a civil engineering structure. 25[0069]
Exanples o . i thod include, representatively, a nethod of
23 gggtingh%@gﬁgﬁﬁg%hgﬂ%o ting conposition on an article to be coated
(substrate), follqwed by drying. As an application nethod, an
arbitrarily approprijate nmethog—ean be adogt ed—dependi ng—on a ki nd of
the articl gyt Yo 0 e h—

appl i cati O?Vmet h 3 hdlgz r, ané;ﬁlr A
a trowel, and i mgrsion. [0070] As the dr g nethod, an arbitrarily
appropriate nethod can be adopted. Preferred is natural drying or

R O SRt XAl AR
I . 10[0071], The thick f ing fi. fo d ti
o LGl S RF e BB T S5 oD%

further prgiy%gﬁrt%lo o%ﬁ(y} gth%?%nﬁ%oiswggylggg gtlyrgo?ﬁwnoensosalliy?e err.e than 100

20 [0045] Production of the isocyanate-terminated dicyclohexylmethane

(1)

Degpol | NSRS (5)



[0072] When a water absorption ratio of a coating film obtained by
appl yi ng and 15dryi ng the aqueous coating conposition of present
invention at roomtenperature is too large, a blister is generated on
the coating filmby rainfall inmediately after execution, and a
cracking may be generated in the coatinghfil mdepending on the
tenperature at execution. [0073] Before formation of a coating film
by coating the aqueous coating 20conposition, in order to inprove
adherence and anticorrosion properties, an undercoat |ayer with an
under coat coaeodiimigecanibgl partoimsd fundamentaly@cgarding & aaupvpys dwihod

| ayer with an internediate coating material can be forned on the
under coat bhprducing a carijaiimigle feea HE Ratest Noa, %4ds23hgnddPeB iNg. 47an
arbitrarily appropriate coating 25material can be adopted. Exanpl es

t her eof i n8BAAL, ArOrp&hen, 28220622070 ¢1963), Ebemicg) Rexiewi1a81, val. 81,
epoxy/ am ne- based coating material, an epoxy dispersion coating

mat eri al , &lod4:619%9;624¢kage uret hane curing coating material. As the
internediate coating material, an arbitrarily appropriate coating

mat er isal  c {00463 Theominedns&iempasioneecenipanied willk desarboxylation of
epoxy/ am ne- based coating materi al and 5a two-package urethane curing
coat i ng nmatdwychhexylpisthinddiissgyanate progresseganitbe presenceddf ecoat i ng
mat erial may be coated before coating the undercoat coating materi al
to form a zampdinhtidatedytaly&y ahdragithis ddtalyat, for-exaripleaykospholene oxide
anticorrosion properties are nore excellent, and in the case where

hi gh anti ceptlyasdRphemRD-phespoleng-¢aqide; @-mettofi-2ashes ol etge 1 -oxids, dat
and 10a tank, this can sufficiently correspond thereto. [0076] The
under coat  effll-2nshdephRldril-1-dxitk, 11néteyRBah&thel-2-phibispboleater-oradepdd t he
zinc-rich coating material can contain a pignment, an additive and the
i ke 1 oExampdeafylof-phBgyIR2-pRBSHhEABRe 1hexiad 8r ti 3tphogshaleiee isoengti thersalf San
and the additives described above. The nunber, kind and anmount of the
pi gment  angeliaddinhd HRnk thed Giedfhand d¥@é’aétﬁfit?,p@fn‘i?éthyla‘l-@hﬁn?leiﬁﬁbepholene-

dependi ng on the intended use. [0077] As an application nethod and

dryi ng met h%ki@(ff rdplesERERNAPRe garrbifermBle®)al . the internediate

coating material and the zi'nc-rich coating material, arbitrarily
appropri at ?ag@;t hods can be adopted depending on a kind of the
20coat i ng ter]i al to be used. Exanples of the application nethod and

dryi ng net i@ﬁelﬂfcaq ftﬁ.ngﬂgggcoat coating material, the internediate
coating materital and the zinc-rich coating material include the sane

met hods as the application nmethod and dryi ng nethod of the aqueous

coating conpositi onﬂdes' bed above. 25 EXAMPLES [0078] The present
invention will b ly d{€ribed bel ow based on Exanpl es and
Conparativ&ilix‘r%@, PR he present invention is not limted to the
fol | g4 ng Ex&Mpl Wien sinply "% is described in the present

Exanpl es, 5it nmeans "% by nmass", and when sinply "part"” is described,

it means " é&itﬂemass". [ 0079] Production Exanple 1: Production of a
car bodi i m de”conpound havi ng i socyanate groups on both ends To 2500

parts of 4,45 G FORXXLIERLAARS Ll Bl ENEn HESndehsation reaction

is in the range of 80 to 180°C, and when the reaction temperature is below this
range, the reaction time becomes extremely long, and when the reaction

20 temperature exceeds the range, a side reaction occurs, and it becomes
impossible to obtain a carbodiimide having a good quality, and both cases are
not preferable.

[0049] Further, the degree of condensation is preferably 1 to 5. When the



10parts of 3-methyl -1-phenyl - 2- phosphol ene- 1-oxi de serving as a
carbodiimdating catal yst, and the materials were allowed to react at
170C until an isocyanate equival ent was 436, to prepare a

carbodii m de conmpound 1 having isocyanate groups on both ends. The
carbodii m de conmpound 1 had 2.8 carbodii®r de groups per one nol ecul e.
15[ 0080] Production Exanple 2: Production of a water dispersion of a
car bodi i m de conpound As shown in Table 1, to 872 parts of the
car bodi i m de conpound 1 prepared in_Producti on Exanple 1 were added
567 parts degnemfatondensstionekgeads. dsrergibjlity Lpad eegifion ofaquepus
manuf actured by Sanyo Chem cal 20l ndustries, Ltd.; nunber average.
repet i t i ondicyniobex@inethane earhogliimideto araquegus [gsin jetadyuced card &Emer
mononet hyl et her, manufactured by NI PPON NYUKAZAI CO., LTD.; nunber
aver age r epdentthemguentedicySiohexpiinethenesatiadimidevs praiales inte @n
react at 160C until absorption derived froman isocyanate group
di sappear edgasouesasiutienl obanldRueBustdigpersiohdn adssntarsineesthesdsperstpility
60C, and 2496 parts of deionized water was gradual ly added to be 26
emul sif i edjs land atdguesl aquedusysoliriidreocaqiealis dispersiat israliobtaingd.om grder
havi ng 40% of a solid content was obtained. [0081] Production Exanple
3: Product torapidlyzowgslete tHegpactiomiit isfprefecable dhfitithe deactmmpoihd’-5A

m | ky-whi te carbodiim de dispersion 2 having 40% of a solid content
was obt ai ndityblohesyirgethanadiisddyanathisvperfornbablrelet a stredre of amdner gaer
as that in Production Exanple 2. [0082] Production Exanple 4:
Product i onsgéh as\witt@gertli spersi on of a carbodiim de conpound 10A

m | ky-whi te carbodiim de dispersion 3 having 40% of a solid content
was obt ai neshsn] Thel ddLidowsrditydlolisxyirnetaniercafoddiinidieiof tihé eresemt inventien
as that in Production Exanple 2. [0083] Conparative Production

Examglge 1: cBh@@usslatsy fbratheatattich sypstem astording to 2 il nmtbed, and the
conmpound 15A m | ky-white carbodiim de di spersion 4 having 40% of a

sol id cont e tN&Sa SPLEURE theP¥olisiraprdsentad By thegsriuranfopmuleapll)es 1 i n
t he sanme manner as that in Production Exanple 2. [0084] Conparative

Product i ongkxasmeé® bg-anihftdksd 9sbrplioR (FgispeclilmPeic® b tiuclfar anagnetic
carbodiim 355conpou%d 20A m | ky-wni te(lr:?lrsgodi i mde dispersion 5

havi ng 40% el ddortHrEMNMIa s pab@hned by using fornul ati on shown
on Table 1 %oﬁe sane Fsrjrtanngqr EE Fhat in Production Exanple 2. [0085]

Conparativ RO PEW@& P thebarboliinfie E6BBLAA @NtHY
a carbodii m%ﬁmgﬁl 25A nr]?elr I:yf-oﬁlfrllig1‘:%(011():<'§1)(rpbodirislm'ode diespergi on 6

havi ng 40%,pfseht §Rldrffioh Atk §epenfiently a PEG portion represented by the general
formula (2):
[0052]

[Chemical formula 9]
RZ-O-(CHZ—CHZ—O)q— (2)

20 (wherein a number average repetition number g of EG units is in the range of 6
to 40, and R? represents an alkyl group having 1 to 8 carbon atoms, or a phenyl
group) and/or a PPG portion represented by the general formula (3):
[0053]

[Chemical formula 10]



was obtai ned by using fornulation shown on Table 1 in the sane nmanner
as that in Production Exanple 2. [0086] Conparative Production
Exanpl e 4: Production of a water dispersion of a carbodiimde
conmpound 5A m | ky-white carbodiim de dispersion 7 having 40% of a
solid content was obtained by using fortal ati on shown on Table 1 in
the sane manner as that in Production Exanple 2. [0087] Conparative
Production Exanple 5. Production of a water dispersion of a

car bodi i m de conpound |oAs shown in Table 1, to 872 parts of the

car bodi i m de conpoun H: prepared in Production Exanple 1 were added

648 parts q$3 ngg -a@)—g-l-ycol 8pnobutyl ether (number average
repetition nunb 9) and @4 parts of polyethylene glycol nononethyl

et her (nunber average repetition nunber 15), and the materials were
al | owed t o(whacin atnuhtifs® average adnmi’rt?pnimunbm MNE® G 2hits ap jretheadngs of 4
measured by IR Further, the reaction was cooled to 60C and dei oni zed
wat er was ¢r ddpand RSad;imtentman allyhgfouprhavinger tdiSsqaerbsn atomasomaphenyl
obt ai ned. [0088] Conparative Production Exanple 6: Production of a

wat er di spgreumn Tdfat &, the barbddiimide compound ol @fe prddent iMviention includes
carbodii m de dispersion 8 having 40% of a solid content was obtai ned

by usisng f eerohed ivbers veR 9 in Fabgendral forinbéa Sl3nee aeesielucasptdsintédby
Production Exanple 2. [0089] [Table 1] 28 Conparative Production
Exanol e 6 héddeleral IraulB{2) and a residue represented by the general formula (3),
respectively, and the case where both of two R's are each a residue
represented by the general formula (2) or the general formula (3). Specifically,
the carbodiimide compound of the present invention includes the following
10 carbodiimide compounds (1A) to (1C) in such a range that PEG portion : PPG
portion as a whole satisfies the range described later;
(1A) a compound in which one of two R's in the general formula (1) is a residue
represented by the general formula (2), and the other is a residﬁe represented
by the general formula (3);
15 (1B) a compound in which both of two R's in the general formula (1) are each a
residue represented by the general formula (2); and
(1C) a compound in which both of two R's in the general formuia (1) are each a
residue represented by the general formula (3).
[0054] The polyethylene glycol monoalkyl ether which can be used for forming
20 theA residue represented by the general formula (2) which is the PEG portion of
the carbodiimide compound of the present invention is represented by the
general formula (7):
[0055]

[Chemical formula 11]
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RZ-O-(CHZ—CHZ—O);H (7)

(whereiﬁ a number average repetition number q is in the range of 6 to 40, and
R? represents an alkyl group having 1 to 8 carbon atoms, or a phenyl group),
and specific examples thereof include poly(ethylene glycol) monomethyl ether,
poly(ethylene glycol) monoethyl ether, poly(ethylene glycol) monopropyl ether,
poly(ethylene glycol) monobutyl ether, and poly(ethylene glycol) monophenyl
ether, and particularly, poly(ethylene glycol}) monomethyl ether is suitable.
[0056] The number average repetition number q of the EG units in the PEG
portion is preferably in the range of 6 to 40, and more preferably in the range of
10 to 35. When g is less than 6, hydrophilicity cannot be imparted, and water
dispersibility is inferior. On the other hand, when q is more than 40, water
resistances are inferior.

[0057] The polypropylene glycol monoalkyl ether which can be used for forming

the residue represented by the general formula (3) which is the PPG portion of

- the carbodiimide compound of the present invention is represented by the

general formula (8):
[0058]
[Chemical formula 12]
GHs
R3-o{CH2-—CH—o)r—H (8)
(wherein a number average repetition number r is the range of 4 to 14, and R®
represents an alkyl group having 1 to 8 carbon atoms, or a phenyl group), and
specific examples thereof include poly(propylene glycol) monomethyl ether,

poly{propylene glycol) monoethyl ether, poly(propylene glycol) monopropyl
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ether, poly(propylene glycol) monobutyl ether, poly(propylene glycol) mono-2-
ethyl hexyl ether, and poly(propylene glycol) monophenyl ether, and particularly,
poly(propylene glycol} monobutyl ether is suitable.

[0059] The number average repetition number r of the PG units in the PPG
portion is 4 to 14, preferably 4 to 12, more preferably 4 to 10, and most
preferably 4 to 8. A carbodiimide group in the carbodiimide curing agent may
react with water fo generate a urea group during storage. When the
carbodiimide groups are reduced by the reaction with water, the crosslinkihg
density of a coating film is reduced, and the sufficient performance of the
coating film cannot be exerted. When the repetition number r is in the
aforementioned range, PPG having high hydrophobicity is present at a large
amount in the vicinity of the carbodiimide group, and the carbodiimide group is
protected from water, and thus generation of a urea group is suppressed, and a
coating film having a rapid curing rate and a high crosslinking density is
obtained. Since the coating film contains a PPG group having high
hydrophobicity at a large amount, water repelllency is imparted to the coating
film, and water resistances are improved. When the repetition number r is less
than 4, PPG having high hydrophobicity is present only at a small amount in the
vicinity of the carbodiimide group, and thus a curing rate is slow, and a coating
film having a high crosslinking density is not obtained. Further, since sufficient
water repellency cannot be imparted to the coating film, water resistances are
reduced. When the repetition number r exceeds 14, since hydrophobicity of a
water dispersion of the carbodiimide becomes too large, there is a possibility
that a particle size of the water dispersion becomes large so that gloss of the

coating film is reduced, or a water dispersion is not formed and oil and water
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are separated.

[0060] In the carbodiimide compound (B) used in the present invention, a molar
ratio of the PEG portion and the PPG portion is 1:1 to 1:15, preferably 1:2 to
1:15, more preferably 1:2 to 1:9, further preferably 1:3 to 1:8, and most
preferably 1:4 to 1:6. When a molar ratio of the PEG portion is large, water
resistances are inferior. A carbodiimide group in the carbodiimide curing agent,
although slightly, reacts with water to generate a urea group. In order to
suppress this reaction, it is preferable that the periphery of the carbodiimide
group is hydrophobic as much as possible, and the contact with a water
molecule is low. When a molar ratio of the PPG portion is large, since
hydrophobicity is manifested too much, water dispersibility is inferior, and
stabilities are not good. The molar ratio of the PEG portion and the PPG portion
is based on a formulation molar ratio of PEG and PPG which are used at the
production of the carbodiimide compound (B).

[0061] The reaction temperature for an addition reaction of the isocyanate-
terminated dicyclohexylmethane carbodiimide with the mixture of polyethylene
glycol monoalkyl ether and polypropylene glycol monoalkyl ether is in the range
of 60 to 180°C, and preferably in the range of 100 to 160°C. When the reaction
temperature is below this range, the reaciion time becomes extremely long, and
conversely when the reaction temperature exceeds the range, a side reaction
occurs, and it becomes impossible to obtain the carbodiimide compound of the
present invention, and both cases are not preferable.

[0062] In the aqueous coating composition of the present invention, a mixing
ratio of the aqueous acrylic resin having a carboxyl group (A) and the

carbodiimide compound represented by the general formula (1) (B) is such that
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the agueous acrylic resin (A) is 99 to 60% by mass, and preferably 85 to 80%
by mass, and the carbodiimide compound (B) is 1 to 40% by mass, and
preferably 5 to 20% by mass, as expressed by the resin solid content ratio.
When expressed by the molar ratio, a carboxyl group of the aqueous acrylic

5 resin (A) : a carbodiimide group of the carbodiimide compound (B) is 0.8: 1 to
1210 1.
[0063] Since the two-package aqueous coating composition of the present
invention uses an écrylic resin, it has a good weather resistance, and can be
used as a two-package topcoat coating material. In the present invention, the

10 two-package coating means such a coating material that when a main agent
and a curing agent are mixed, a curing reaction proceeds at ambient
temperature, and thus the coating material cannot be stored as one component,
and the two packages are stored separately, and the main agent and the curing
agent are mixed immediately before use.

15 [0064] The two-package aqueous boating composition of the present invention
can contain an organic solvent which dissolves in water. Specific examples of
the organic solvent include ethylene glycol, propylene glycol, ethylene glycol
monobutyl ether, propylene glycol monobutyl ether, diethylene glycol,
dipropylene glycol, and diethylene glycol monobutyl ether. From the viewpoint

20 of reducing use of VOC as much as possible, it is preferable that an amount of
the organic solvent is as small as possible.

[0065] The two-package aqueous coating composition of the present invention
can contain a pigment. Specific examples of the pigment include coloring
pigments such as titanium oxide, yellow iron oxide, red iron oxide, carbon black,

25 phthalocyanine blue, phthalocyanine green, azo red, quinacridone red, and
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benzimidazolone yellow; extender pigments such as calcium carbonate, barium
sulfate, kaolin, clay, and talc; and rust preventive pigments. A concentration of
the pigment in the aqueous coating composition is preferably 10 to 50% by
mass.

[0066] The two-package aqueous coating composition of the present invention
can contain an additive. Specific examples of the additive include a dispersant,
a viscosity adjusting agent, a curing catalyst, a surface conditioning agent, an
antifqaming agent, a plasticizer, a film forming aid, an ultraviolet absorbing
agent, an antioxidant, and a curing agent.

[0067] The two-package aqueous coating composition of the present invention
can be coated onto an arbitrarily appropriate substrate. Examples of the
substrate include metals, timber, plastics, rubber, stone materials, slates,
concrete, mortar, fibers, paper, glass, porcelain, earthenware, films, and
composites thereof. For example, when the substrate is an inorganic substrate
such as a slate or concrete, a sealer may be applied onto a surface thereof in
advance. When properties are taken into consideration, preferably, the
composition is applied to a metal. Examples of the metal include iron, copper,
tin, zinc, aluminum, and stainless.

[0068] Examples of an article to be coated which has a metal on a surface
(outer surface and inner surface) include ships, vehicles (e.g., railroad vehicles,
heavy vehicles), aircrafts, bridges, marine structures, plants, tanks (e.g.,
petroleum tank), pipes, steel pipes, and cast iron pipes. in addition, the
aqueous coating composition can be also applied to a buiiding and a civil
engineering structure.

[0069] Examples of the coating method include, representatively, a method of
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coating the agueous coating composition on an article to be coated (substrate),
followed by drying. As an application method, an arbitrarily appropriate method
can be adopted depending on a kind of the article to be coated (substrate).
Examples thereof include an application with a brush, a roller, an air spray, an
airiess spray or a trowel, and immersion.

[0070] As the drying method, an arbitrarily appropriate methed can be adopted.
Preferred is natural drying or heating drying. In the case of natural drying, the
drying time is preferably 2 hours or longer, and further preferably 24 hours or
longer.

[0071] The thickness of a coating film formed by coating the aqueous coating
composition is preferably 10 to 100 um, and further preferably 20 to 100 pym.
When the thickness is more than 100 ym, there is a possibility that a
disadvantage such as occurrence of dribble at coating or the like occurs.
[0072] When a water absorption ratio of a coating film obtained by applying and
drying the aqueous coating composition of present invention at room
temperature is too large, a blister is generated on the coating film by rainfall
immediately after execution, and a cracking may be generated in the coating
film depending on the temperature at execution.

[0073] Before formation of a coating film by coating the aqueous coating
composition, in order to improve adherence and anticorrosion properties, an
undercoat layer with an undercoat coating material can be formed, and an
intermediate coat layer with an intermediate coating material can be formed on
the undercoat layer.

[0074] As the undercoat coating material, an arbitrarily appropriate coating

material can be adopted. Examples thereof inciude an epoxy/Michael curing



1.80-94N ES 91 ! Anew 933 Err) Newpol LB-65 99 to Ana 199 191 9:1
16173 Water dispersion 1 Degree of polynerization Amount (parts by
mass) Trade nanme Hydroxyl value Measured val ue Ethyl ene gl ycol

Cal cul at ed val ue of nunber average reetition nunber Monoal kyl portion
Amount (parts by nass) 24

10

15

20

25

coating material, an epoxy/amine-based coating material, an epoxy dispersion
coating material, and a two-package urethane curing coating material. As the
intermediate coating material, an arbitrarily appropriate coating material can be
adopted. Examples thereof include an epoxy/amine-based coating material and
a two-package urethane curing coating material.

[0075] An organic or inorganic zinc-rich coating material may be coated before
coating the undercoat coating material to form a zinc-rich [ayer. By forming the
zinc-rich layer, anticorrosion properties are more excellent, and in the case
where high anticorrosion properties are required, such as a bridge, a plant and
a tank, this can sufficiently correspond thereto.

[0076] The undercoat coating material, the intermediate coating material and
the zinc-rich coating material can contain a pigment, an additive and the like.
Examples of the pigment and the additive include the pigments and the
additives described above. The number, kind and amount of the pigment and
additive to be added can be appropriately selected depending on the intended
use.

[0077] As an application method and drying method of the undercoat coating
material, the intermediate coating material and the zinc-rich coating material,
arbitrarily appropriate methods can be adopted depending on a kind of the
coating material to be used. Examples of the application method and drying
method of the undercoat coating material, the intermediate coating material and
the zinc-rich coating material include the same methods as the application
method and drying method of the agqueous coating composition described

above.



Amount (nol ar ratio) Trade nane Hydroxyl value Measured val ue

Propyl ene gl ycol Cal cul ated val ue of nunber average repetition nunber
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EXAMPLES

[0078] The present invention will be specifically described below based on

Examples and Comparative Examples, but the present invention is not limited to

the following Examples. When simply “%” is descfibed in the present Examples,
5 it means “% by mass”, and when simply “part” is described, it means “part by

mass”.

[0079] Production Example 1: Production of a carbodiimide compound having

isocyanate groups on both ends

To 2500 parts of 4,4-dicyclohexylmethane diisocyanate was added 25

10 parts of 3-methyl-1-phenyl-2-phospholene-1-oxide serving as a carbodiimidating
catalyst, and the materials were allowed to react at 170°C until an isocyanate
equivalent was 4386, to prepare a carbodiimide compound 1 having isocyanate
groups on both ends. The carbodiimide compound 1 had 2.8 carbodiimide
groups per one molecule.

15 [0080] Production Example 2: Production of a water dispersion of a
carbodiimide compound -

As shown in Table 1, to 872 parts of the carbodiimide compound 1
prepared in Production Example 1 were added 567 parts of Newpol LB-65
(polypropylene glycol monobutyl ether, manufactured by Sanyo Chemical

20 Industries, Ltd.; number average repetition number &) and 225 parts of MPG-
081 (polyethylene glycol monomethyl ether, manufactured by NIPPON
NYUKAZAI CO., LTD.; number average repetition number 15), and the
materials were allowed to react at 160°C until absorption derived from an
isocyanate group disappeared as measured by IR. Further, the reaction was

25 cooled to 60°C, and 2496 parts of deionized water was gradually added to be



[0090] 1n the table, MPG 081, MPG 041, BFTG M-TG and BFG are
products manufactured by N PPON NYUKAZAI CO., LTD. Newpol LB-65 is a
product manufactured by Sanyo Chem cal Industries, Ltd. 5Unilube MB-7
and Unil ube MB-11 are products manufactured by NOF Corporation.

[ 0091] Production Exanple Al : Producti adof a water dispersion of an
acrylic resin (acrylic emulsion) having a carboxyl group A reaction
vessel equipped wth a stirrer, a nitrogen introducing tube, a

10t enperature control ling device, a condenser and a dropping funnel
was char gedmuilsifie®Gndithpara milsy-whitesairbediimideavatendigperaion d hsving 40%
was raised to 80C while stirring under a nitrogen atnosphere. To
579. 4 part sf afsoliéicontend svasagldaingdr e added 236. 3 parts of 2-ethyl hexyl
acrylate, 538.0 parts of nethyl nethacrylate, 200.0 parts of styrene,
. 25. 7 part s[0Edf] Prodydtion BxardpleafidProd0ctier oba efatenrdiepaisicoefll@4 (20%
aqueous sol ution, manufactured by Kao Corporation) as an enulsifier,
t o t her eby cattogiimide cemplosndfli ed pre-enul sion, and then the

pre-enul sion together with an aqueous initiator solution obtained by
di ssolvi ng 3 partmilkf-whitswarbodipeide dipersion? Aadng 4006 0bh sdbd oontesd
wat er were added dropwi se for 2 hours. 20After conpletion of the
dropwi se addistalainetig ustag forerulagon showihen Tabié iinindde aam@dGahoer ds
hour, the reaction was cool ed, and 8.2 parts of

N, Ndi met hy iggtiin Peddadtion Ragmpleded to obtain an acrylic enul sion

havi ng 50% by mass of a resin solid content. An acid value of the
resin sol i fhasP)resduétion Bxsmpry 4| Prodastidrs bba weabcdispertbrf ofoan t he
nmononer comnposition was 20 ngKOH g, 25and the Tg was 40C. 30 [0092]
Product i oncExsyaahfidé\dompogddct i on of a water dispersion of an acrylic
resin (acrylic enul sion) having a carboxyl group A reaction
vessgly equi pped AniiRy-dvhitki darBédiindideidigasiani thadey aiong of afzelid ontent
tenperature controll1ng device, a condenser and a dripping funnel was

charged Swijd3 %Qiﬁ@d&%{&sﬁn@fforﬂﬂilé’ﬂiﬂr?gﬁ’qwﬁirﬁﬂ'abl@nﬂir{ﬂh@ SeRA® B Rinier asuhst
|

rai sed to 80C e stirring under a nitrogen atnosphere.

579. 4 part dRtiSAIRefhMeter were added 237.0 parts of 2-ethyl hexyl
acryl ate, glsg?ol pa[rts of ﬁﬁ%tﬁw nmet hacryl ate, 200.0 parts of styrene,

12.8 parts [ﬁqag‘?dfﬁgéraﬁ% Prodici AAple>] :ProbOdtdAbf Fkhat8ddisBefion of

aqueous sol manufactured by Kao Corporation) as an

emul sifier quT% iy an enul sified pre-enul sion, and then
t he pre-em’:j‘I(]'éalqlgél&li og!%t%er @mﬁﬂ an aqueous ini.tiator solution obtained

by di,gsol ving BPPﬁﬁIW—“gfétgﬁB%iHﬂ?dQﬁi%égrgﬁh% thiﬁind%'b?ﬁ $id content

dei oni"zed water "were a ropw se ours. After conpletion of

f he dropw wasiSithiedhy i FERARIASH YRowh oh il +3RAAE SAKRAmBRNEP&s

for 1 hour, reacti‘on S €00 and 8.2 parts of N N

di met hyl am'%ﬁ%ﬁﬁzgggé?ﬂ%s%%s% 40 obtain an acrylic emulsion having

50% by mas SIm's d-content. An acid value of the resin
composi t 1 ol0ugd G hreBip Y ot £4teRa HsRbein BEFY<E; RRERn o
Exanpl e A3:a c?zarr gc'i'i?rqud%nco%p&r%t er-soluble acrylic resin
20 A milky-white carbodiimide dispersion 5 having 40% of a solid content
was obtained by using formulation shown on Table 1 in the same manner as
that in Production Example 2.
[0085] Comparative Production Example 3: Production of a water dispersion of

a carbodiimide compound

25 A milky-white carbodiimide dispersion 6 having 40% of a solid content



havi ng a carboxyl group A reaction vessel equipped with a
stirrer, a nitrogen introducing tube, a tenperature controlling

devi ce, a condenser and a dripping funnel was charged with 259.0
parts of 2-nethoxy-1-propanol, and the tenperature was raised to
25120C while stirring under a nitrogen &t nosphere. 31 A
mononmer m xture of 35.0 parts of styrene, 19.8 parts of nethyl

nmet hacryl ate, 155.2 pads of n-butyl acrylate, 19.0 parts of ethyl
acrylate, 137.2 parts of 2-ethyl hexyl acrylate and 33.8 parts of

met hacr yl i waacibtained dytusing farmulation shawmparl ablg Lin Hie 53Ng MaANEAS

di ssolving 16.0 parts of Kayaester 0 (tea- sbutyl peroxy-2-ethyl
hexanoat e, thatiniPaadustion Bxam@leaku Akzo Co., Ltd.) in 25.0 parts of

2- met hoxy- 1- propanol were added dropw se for 3 hours, After
conpl et i on[0ff86] Kemparptive Prediditiondmaraple 4: fvpdvetian of aweaterdisperstpraef
120C for 0.5 hours, and then, an initiator solution obtained by

di ssol vi ngakagbqdiinideaont@oreest er 0 in 16.0 parts of

2- met hoxy- 1- propanol was added 10 dropwise for 0.5 hours, and
further, the ni Atmilley-whitesarbodiunide dsp@rsibor7 hatiogd0% aka soliggontent
reaction mxture was cooled to 60C, and neutralized wth 35.0 parts
of N, N- di natkydhthinad dlyansimg forendatidresteain en Txble 4 ipdhe samie manoen 28:d
wat er was added to nake the resultant into a water-soluble state, and
thus a wat eiats® PebdctionstExarhpleizng 40% by nass of a resin solid
content was obtained. An acid value 15of the resin solid content of
this acryl [G08RCIMpRatibe ProdsdtioncBxamplet & Productismef avvaderdispersion of
conposition was 55 ngKOH g, and the Tg was -35C. [0094] Production
Exanpl e Adg dArbedifhidercomipsunsat er - sol ubl e acrylic resin having a

car boxyl group A reaction vessel equipped with a stirrer, a nitrogen
i ntrqguci ng t ub@g ghodfH BITPAIBHIY ke 8T kel dfithyg cdrbddiimide coopoender and
a dropping funnel was charged with 259.0 parts of

2- met hoxy- Lraks 488w ProdidlichExdrapleer wers adued 678irmets sfpal@itpyente
stirring under a nitrogen atnosphere. A nmononer m xture of

35.0 parts S harBatyl 8therfRbinbep bvakigayrepatiidraatubat ¢9) 248 62 peatd of
of n-butyl g%?yﬁﬁe, fIQ.O pgrts of et hyl agryl ate, 139.1 25parts of

2- et hyl hexﬁ,blﬁffﬁﬁéﬁé glycéﬂﬁioﬂ%nfétg?rétﬁerqfnuﬁﬂié‘lf%ﬂréyégélr@ﬁtidon tnogeddrels),

with 32 an 1'nitiator “sol uti on obtai ned by dissolving 16.0 parts of

Kayaest er %nggﬁé%}ﬁ%ﬂ%ﬁ&@e%l%v@édﬁw reRBKANBT°C ufRRBEaAItivhest NGO

Kayaku Akzo n 25.0 parts of 2-nethoxy-1-propanol were

added .dr Op}ﬁfﬁs}ﬁpe‘é‘?a@a?%’éa%ur@é bZrIRquTP{r@r,i ®e ehclidiewds Yomettto 60°C and

f
addi ti"on, enperature was retalned 5at 120C for 0.5 hours, and

e AR RO e g5l g

Kayaest er hoxy- 1- propanol was added dropw se
for 0.5 ho%rb§ in gd further, the m xture was stirred at 120C for 1
hour. Then, t%e reaction m xture was cooled to 60C, and neutralized

A ST o s R o

wat er - sol ub] e a a wat er-sol ubl e resin having 40% by
mass of a re% rﬁ%@@rﬁd& éc]ogﬂééﬁid was obtai ned. An acid val ue of the

Fromdte mononer ilFaelit SBRElnl JERASERS WA A AR T Ehfeh:
L Sy bR RAP L& orm TaBBA AW atfeif ) FEUHRhe R Gs
that in Production Example 2.
[0089]
[Table 1]

25



By using a sand mll, 61.6 parts of dei gni zed water, 30.0 parts of

DI SPERBYK- 190 (di spersant, manufactured by BYK-Cheme), 1.0 part of
Aqua 1o tant+Hoamrnyagent—manufagtured—Thy—Tego);—and—28576¢
part g Ti pur ¢R-706 (titlani um gxide, rranuFact urgd by DJPont) Were
di sp det D 200Dt ain | a- di Spersijon pagt ez of ~t i tani §nf oxilde. | Fo| 428 2
part the Testllting dilspersi gn ppSEe were {u?tiher|added PR5. 4zparts
of d ni zed water, 460.0 pafrts |of thelacryli¢ enul s{onjobtpingéd ing
Pr od ijon anpi g Al ] 12370 pants pf {ne Ter-golupl e jacryli¢ r1esi
obt al; i n| Prodgcltion EXanple A3, B4.0 partsjof |CS-L2 (filjm for&i|n@®
ai d, ufactur egl [28by ©HI §SO LORPARATI Q)| 6] 62 pagt 5 of| ADERANCE | £
vi scosilty | 33}i ndr&asi nd ageht,| nenhuf act red| by |[ADBKA | 2 | 8
1ON), 4.0 |parts df SN thickenel 617 (Visdosity ilncrieasing | o
fanuff acfurgd by SAN NOPCO LIM TED),| and 1.5 partg of g -E
TIVE (angilf oam ng agent, mangfact ured| by |Dow Corni ng) t@ =
| Bhj e | ehansl at gng gmat 8r| gk 12 (jmei h hidelit) € 3[009E] | &~ | 9
on Examﬁe B2 Preﬁarati on of "a white|engnel | coating ma@eri%
ent By! usilng_a sand Inmilll, 61.6iparits bf dei oni zed O
30. 0 pafts |lof Pl SRERBIYK- 190 |(di $perisant, ranufactured bys | B
i e)l, 1{Cgpart|of |Agupl en 810 (antiif oapmi.ng agent, manuf gt Ur &d
i85, and 285.6%partg Bf | 0Ti pur Ry ™6 (t|tAni 8m &ideé,| & || ©
ured by DyYyPont) vere| di sperised{to |obtain |a dj spersijon )ésteg
of titanmiumoxidel Toi 378 2 barts of the rlesultij ng d Qpnr':inn 1§<fe‘:
wer e|.f ult her afided 25/ 4 parts off dej onized water,| 550.1|parfts pE th&
acr yfzisee| epqul i pr8 gbt a| ned gn| By odycit kon EXanp| es Al . B5, 6 partsiaf | 2
CS- 1§§(§i£]ﬁl1 Fof il rig=a| d, nﬁnuﬁ?act%relé bys 15CH IS¢ %:CRQ' 3?1 ON) | 6. 65
par t 8ot ADEKANGL |UH 550 (vipscosity| i n¢credsi ng agent} nuflact bseq Ky
ADEKA—CORPERAT-ONY—40—parts—of —SN-thickaner— 631 wSseosity = s
i ncr@asi|ng jagent, |manufagtured by SAN NOPQO L|M TED), and 1. 5 pgrt|s®
of 8@EBADDITLVE & anti f qaryi Bg| agens, gmu‘é detuf el by Daw|Gorjniengk tlod
obt ajiers & Whi fe| @nangl | cogt ng Smater|i &l | 2¥ (|mai h fageht) = 2014097 | ©
Pr od@ct'lon [Exahpl @ B3} Preparation [of a white| enanel| coating mageri@
( mai ragenty) —Byrusimg g samdm i 616 pants ol ter o zed =
wat e,, $0. q pafts |of DI SPERBYK-190 ((di sperisant, nanuf actured b/§ 9
BYK- GtEar €)|, 81 (ﬁ pagt| of |Aguialzen gl(l_iéaarﬁifgamawg agent | eangf agt.yr ed
by T@dgo), and 285.6 partg ®f| J5Ti pur®R 706 (t|t%ani um oxide,| ® |5 | §
manuff acfurgd by DuPont) were| di sperjsed{to! 34 obtlain| a dispers|{®&n| =
past|g off ti[tan| um|joxide. |[To 378]2 part$ off the resulfing dlspe‘glcn%
pastigsmere |furfher added |25.4 parts| of | deijoni zed [water, |420.0 har t|s.2
of t[B&-nctyl Bc| &yl si pre obfaj ged §n Pt oddidt bon Fxagpl € A2z 1185 G~ |
parti€dof tHe watser-sol ublie®acrylic [r€3in dbtaj ned 5inh Pfoddcti b | 2
Exanpl e| A4,| 54/ 0 parts ofi CS-12|(fillmform ngl aid, manufactjured= g
52 5 - g |
%EN @ | v 3 2 | = Zlg| 8|88l glw|B|s|B|le2|5 §-| 3
2 c
W
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by CHI SSO CORPORATION), 6.6 parts of ADEKANOL UH- 550 (viscosity

i ncreasi ng agent, manufactured by ADEKA CORPORATION), 4.0 parts of SN
t hi ckener 617 (viscosity increasing agent, manufactured by SAN NOPCO
LIMTED), and 1.5 parts of 8610ADDI Tl VE (antifoam ng agent,

manuf act ured 10by Dow Corning) to obtaipga white enanel .coating
material 3 (rmain agent). [0098] Production Exanple B4: Preparation of
a white enanel coating material (main agent) By using a sand
mll, 61.6 parts of deionized water, 30.0 parts of DI SPERBYK- 190

(di sper san{0099a tru thectabile MPG-BYK-MRE¥04] , BETG, METG ahd BFQ wab prodids
(antifoam ng agent, manufactured by Tego), and 285.6 parts of

Ti pur eR- 70ndriufactarethby MIBRONRYWIGAZAF €0. byTDuPont ) were di spersed
to obtain a dispersion paste of titanium oxide. To 378.2 parts of the
resul ting di speNswpol R8s6% isebeodust nh@iufacdest Bp ShnpeClemitadieidasirzed
water, 497.0 parts of the acrylic enul sion obtained in 20Production
Exanpl e Al L td/7.8 parts of the water-soluble acrylic resin obtained in
Producti on Exanple A3, 54.0 parts of CS-12 (filmformng aid,

manuf gct ured by UghSSMMBRRCROMIEDS MB-16 drardred@dts MAriAdEkuradbp NOF
(viscosity increasing agent, manufactured by ADEKA CORPORATI , 4.0
parts of SNorhbrakigRer 617 (viscosity increasing agent, manufactured
by SAN NOPCO 25LIM TED), and 1.5 parts of 8610ADDI TI VE (anti foam ng

agent, ”a”FU(ﬁPIt] mr8fucti®m BPYarRBM AP Piddgibtid® of Btvidter dispBidich 8hamakrylic
coating material 4 (main agent). [0099] Exanples 1 to 3 The

whi te enanpdgi§ eadrideMision Bavin® BiRIBEE ghodyy oduct i on Exanpl e Bl as

a main agent, and each of the water dispefsions 1 to 3 of the

car bodi i ni de’ 5¢carRaKASS vaileHddihddd WP AUdhicNa RitAHRSAtrddtang tdse, &

curing agent were mxed at a ratio shown 1 n Table to obtain coating
mat erial s QLM? E@fﬂd@l‘ j !

mat e?':oal Zﬂeorhﬁgl%ﬁ%r% I'n r"o uct i"geri c%nn%ﬁnesgggng? %'%ﬁél @ agg%’ﬁégﬁgaﬁeed
wat er di spefgi d i L d..d i i °
Product i onwllzlﬁaérgpq'% pghgtsotﬁgeﬁﬁ%&r?\)gwgggéh?nﬁeﬂﬁ%féﬁgeeréﬁgtgt@éé:%éodﬁ?h%% in

Table 2 touﬁ%%iti f'@fﬁ%”ﬁ‘*“@%ﬂ%ﬁﬁs Q ;60101] Exanple 5 The

white enanel coatl I'a I'n Production Exanple B3 as

a_main agent, apg ﬁj@ﬁﬁ%&&?gﬁb@%&i QBiek el dMRIeR nﬁgi Iapsdg ﬁ%ﬁgﬁéggl

15obtained in Pro np as & curing age re mxe

gat ho showg | hil2858 0pdrfs S HhinY1 thetRElr e, BHO6 balts Bt shytdle] 267 Fs®

15 of acrylic acid, and 100 parts of LATEMUL PD-104 (20% aqueous solution,
manufactured by Kao Corporation) as an emulsifier, to thereby obtain an
emulsified pre-emulsion, and then the pre-emulsion together with an aqueous
initiator solution obtained by dissolving 3 parts of ammonium persulfate in 150
parts of deionized water were added dropwise for 2 hours.

20 After completion of the dropwise addition, the reaction was further
continued at 80°C for 1 hour, the reaction was cooled, and 8.2 parts of N,N-
dimethylaminoethanol was added to obtain an acrylic emulsion having 50% by
mass of a resin solid content. An acid value of the resin solid content of this

acrylic emulsion calculated from the monomer composition was 20 mgKOH/g,

25 and the Tg was 40°C.



The whi'te enanel coating material 4 obtained in Production Exanple B4
as a main agent, and the water dispersion 1 of the carbodiimde
conpound 20obt ai ned in Production Exanple 2 as a curing agent were
mxed at a ratio shown in Table 2 to obtain a coating material 6.
[0103] Conparative Exanples 1 to 5 30 The white enanel coating
material 1 obtained in Production Exanple Bl as a nmain agent, and
each of the water dispersions 4 to 8 of the carbodiimde 25conpounds
obt ai ned in Conparative Production Exanples Ito 4 and 6 as a 36
curing age{009&} Rroductih BxarapleaA?:d”odoation nf Aakdter Bispersidn af an @oaticng
materials 7 to 11. [0104] A test for curing storage stabilities of
a curing agsesih (a@gliovehlulsisnphaviisg afoarboved grouresi st ances of a coating
filmand nmeasurenment of gloss of a coating film5were perforned.
[0105] [Test foA eaction vebes agrisicabyith bistisresf a aitcganngtredecing tube, a

| medi ately after preparation of the water dispersions 1 to 8 by the
Product i ontdnipsighes corirolingdeide, cecdtiduhser and adipmihe Sunrast evaaf dharged
storage at 50C for 1 nonth, 2 nonths and 3 nonths fromthe

pr epaiat i OithCXo. O parts GTelefrizdSwitdroadd thietenperanae avhdaiddbto 80°C
respective Exanpl es and Conparative Exanples. Each coating

materi al wWamhilaRfiiRfusdéoa fitdgehsatiiodbRemd, th @ 6 m| applicator, and
this was dried at roomtenperature for one week. The prepared coating

filmwas subj ectrgtsg4 paftalPideshrizPivERHwelet dHREEIINE partBbfthéthylhexyl
rubbi ng 15tinmes until a base gl ass was exposed were recorded,

det er m ni NGcA/I4tBCHHN AGHHHLH hetiYE nfiiRadryike, idbl@?hnkwgtyré@é, 188 Yarts
resi stances of a coating film (1) AteSt for water resistance after

dryi ng at %ch@g{, aB[E ahaUfocEssEs 8f LATEMAAPDIY0ATREY, | Riudolis is@lutibnas

coated on a st plate coated 20w th a sol ution-type epoxy-based
o Lok 2, Wiy AP SRR TR, s aRBf o 00
e ot ST PRIl et S Aty LYoo
e, HEAYE Loyl b By AR i of RRIS REIBR PTs0
nou o ARG B A MR S4B R R e B Tter O
After completion of the dropwise addition, the reaction was further
15 continued at 80°C for 1 hour, the reaction was cooled, and 8.2 parts of N,N-
dimethylaminoethanol was added to obtain an acrylic emulsion having 50% by
mass of a resin solid content. An acid value of the resin solid content of this
acrylic emulsion calculated from the monomer composition was 10 mgKOH/g,
and the Tg was 40°C.
20 [0093] Production Example A3: Production of a water-soluble acrylic resin
having a carboxyl group
A reaction vessel equipped with a stirrer, a nitrogen introducing tube, a
temperature controlling device, a condenser and a dripping funnel was charged

with 259.0 parts of 2-methoxy-1-propanol, and the temperature was raised to

25 120°C while stirring under a nitrogen atmosphere.



In "blister j (Sk)", "j" is a value relating to the nunber per unit
area (density) of a generated blister, and it nmeans that as the val ue
is larger, a blister 5is generated densely. Further, "k" is a val ue
relating to an average di nension (size) of a generated blister, and
it means that as the value is larger, ag¢imension per one blister is
| arger. [0107] (2) A test for water resistance after drying at 20C
for one week Each of the coating materials 1 to 11 was coated on a
steel plate coated 10with a sol ution-type epoxy-based primer by using
a brush under 2@Gnengire nmiiure b 35 DaparénobsiyteneatiOdhparts ohmegtayl
drying) was 120 g/ n2, and was dried at 20C for one week. The prepared
coating fi mathasrylateetsid panswihebutgt a@diaté,019.6 pdatpf etimd acryleid, 48€12%
after pulling up, a blister on a surface of the coating fil mwas
observed. PpakbiofRasthohekeacrgate agd BBl paws ofietethavrpldadiy, together with
15criteria based on JI'S K5600-8-2. The determ nation results were
shown accogdiifiiato? sohfiopasiaimet hydigsolvingt16.0 phte ciikayaseter b (ted-

i ndi cation nethod. [0108] (3) A test for nmeasurenent of water

absor gt i onpialipstoRf-23etagRiidathobtd, hantfattuded by KaHtakd Kkzo0Co 9 hed. hip25.0
Each of the coating materials 1 to 11 was coated on a pol ypropyl ene

20pl at e by peatk @ 2amBIH6X)- L pESTandPveps wHHd BRsIwise fom@hoars. appl i cati on
anount was 120 g/ nR2, and was dried at 20C for 1 hour. After drying,

the coating fil RieRrsorfpRdtRM &Xithe ROBWRCRIANEN, thE tRRpelatureBAsd Fétdined
After nmeasurenent of the weight, the coating filmwas imersed in

wat er at 2@%‘4 botc i 019%on slfaaﬂ thERESH ﬁ{n@él.t}zsr 3blL@bn g%téihé\ﬂ by RlisSoRtied 18

"
a surface of the coating filmwas slightly 25w ped off, and then a

wei ght 't hebﬁﬂg_o‘ﬁ’?@y%%\‘@ﬁt 160 YA F RIS B PRGbanct vakthdtisy  wat er

absorption'ratio of the coating filmwas obtained by the foll ow ng

equati-on. ' . i i OA 4y e (AN y fi
bl dropwuséf%l?(ﬁv\gﬁgﬁ{i’é%dog@ g{hi%?‘],gtﬁ? i(r‘-(%ﬂ.ge Wi eftredPht $2RU0 a9 1 }Bdl.m

after i mersion) efore rmersion) x 10

ﬁ:?egoﬁgg]r ;I'ﬁé)m, tﬁeﬁ%%%ﬁ&@@i%‘%h?ﬁva&%io?é@fbc@o@ L9 r?&{u)ﬁia'ﬁﬂeéﬂmilﬁcsg.gggrtgn

e coating materials 1 to 11 was coat

- asteel pl gk RGOy Khindiihel dRfiHeresaraya DARE b Beldie Nali Wi

a brush un nvi‘ronnent so at an appli1cation anount wa

g/n2, and %aegrté ﬁ%@t&é?g%&iﬁﬁi@%% @ate?%l@l?%%?gﬁgmljsr;?t\nfea{rtéﬂgéﬂﬁﬁle

i mrersed in water hour's, an 1 _
Aorack of f%%@*%ﬁ@?i R oSt aBfhacldGoniitindet Sbaliet AR AR Vit
JI'S K5600-8:4. T ' Q0. X . i
ol 0w ng ChiTeEeTbROERTUERt S S AlHiy B tHaERRARNR ridtn thE
d. 15ln "Crack J.. lem byl ' h

Sonoer oo q@%@m% A %pﬁ%?fg&ﬁiﬁ"‘é 1 i
t hat as tEQd/ lrge ,S larger a_a]x_;rol %.IS enerat e ng si

, Toguistd Peanpl A rodiRion oB gaiEraRLbinAcivls ssin
ggma?:{ed rack, and it neans etdéat Oas t he valaue IS Iarger(,(g a ej re
di mensi on PAYINGCAPLXM 99UPar ger. Moreover, "I" is a grade (a to c)

Cr ack whi ch docd RECpRNERs S RESColh o ayimer o PUEBIRT O PRGOS PRt
Fi 1 meoan. tmbPEE e fatiRe FoAOdataengnd AHGPE TS LT RGVEr chiroed
Ao of aWiBATN] PR AemelapdT ProRAR. S M Cmkaetuee s refoed 16
120°C while stirring under a nitrogen atmosphere.
A monomer mixture of 35.0 parts of styrene, 8.7 parts of methyl
methacrylate, 155.2 parts of n-butyl acrylate, 19.0 parts of ethyl acrylate, 139.1

25 parts of 2-ethylhexyl acrylate, and 43.0 parts of methacrylic acid, together with



39 " Each of the coating materials 1 to 11 was coated on a

pol ypropyl ene plate by using a brush under 5C environnent so that an
application anmount (at drying) was 120 g/n2, and was dried at 5C for
3 hours. After drying, the coating filmwas peeled off, and a wei ght
t hereof was neasured. After 5neasureneng2of the weight, the coating
filmwas inmersed in water at 5C for 16 hours, and inmediately after
pul ling up, water on a surface of the coating filmwas slightly w ped
of f, and then a wei ght thereof was neasured. From these neasurenent
val ues, wataliniib®osplution obdhineddfy dibsoleingtitn® pharts of WeyaesteaiCh@ertby
the follow ng equation. 10Water absorption ratio (% = (weight of
coating fi butyddrexy-Lretayshemnoatd, weaglfacufed batayakbiAlkmol@d.obel.) in 25.0
i mersion) x 100 - 100 [0111] [ Measurenent of gloss of a coating

film paH8 o 20hethinycBpiopamotmaies adtied tirépwié foed hapr.i ed onto a
glass plate with a 6 m| applicator, and this was dried at room

t enperat ure for Afe corketiod ofttiie thopgiseeadditiuns tivd temperstacewat rétained
prepared coating filmwas nmeasured with a gl ossneter

(m cre- TRl agh 28 foranshaats)med thEgn Bafkirfitdnesiitio obtaased b?ldmoﬁiﬁngi@ﬁ
or nore is the range having no practical problem and a gloss val ue

of 85 or npgAsict KaaESeRD » 14.0bbdls AU-rRihExy21-prédartol @ &ddedCoat i ng
material 6 Wiite enanel coating material 4 S&_ Water dispersion 1 St
917 Ang S/ Wrdplist ford® 5tHOMRS, 4Hd filRtHRr, the mixture was stirred at 120°C for 1 hour.
Then, the reaction mixture was cooled to 60°C, and neutralized with 44.5 parts
of N,N-dimethylethanolamine, and thereafter 277.9 parts of deionized water was
10 added to make the resultant into a water-soluble state, and thus a water-soluble
resin having 40% by mass of a resin solid content was obtained. An acid value
of the resin solid content of this acrylic water-soluble resin calculated from the
monomer composition was 70 mgKOH/g, and the Tg was -35°C.
[0095] Production Example B1: Preparation of white enamel coating material
15 (main agent)
By using a sand mill, 61.6 parts of deionized water, 30.0 parts of
DISPERBYK-190 (dispersant, manufactured by BYK-Chemie), 1.0 part of
Aqualen 810 (antifoaming agent, manufactured by Tego), and 285.6 parts of
TipureR-706 (titanium oxide, manufactured by DuPont) were dispersed to
20 obtain a dispersion paste of titanium oxide.
To 378.2 parts of the resulting dispersion paste were further added 25.4
parts of deionized water, 460.0 parts of the acrylic emulsion obtained in
Production Example A1, 123.0 parts of the water-soluble acrylic resin obtained
in Production Example A3, 54.0 parts of CS-12 (film forming aid, manufactured
25 by CHISSO CORPORATION), 6.6 parts of ADEKANOL UH-550 (viscosity
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increasing agent, manufactured by ADEKA CORPORATION), 4.0 parts of SN
thickener 617 (viscosity increasing agent, manufactured by SAN NOPCO
LIMITED), and 1.5 parts of 8610ADDITIVE (antifoaming agent, manufactured
by Dow Corning) to obtain a white enamel coating material 1 (main agent).
[0096] Production Example B2: Preparation of a white enamel coating material
(main agent)

By using a sand mill, 61.6 parts of deionized water, 30.0 parts of
DISPERBYK-190 (dispersant, manufactured by BYK-Chemie), 1.0 part of
Aqualen 810 (antifoaming agent, manufactured by Tego), and 285.6 parts of
TipureR-706 (titanium oxide, manufactured by DuPont) were dispersed to
obtain a dispersion paste of titanium oxide.

To 378.2 parts of the resulting dispersion paste were further added 25.4
parts of deionized water, 559.1 parts of the acrylic emulsion obtained in
Production Example A1, 65.6 parts of CS-12 (film forming aid, manufactured by
CHISSO CORPORATION), 6.6 parts of ADEKANOL UH-550 (viscosity
increasing agent, manufactured by ADEKA CORPORATION), 4.0 parts of SN
thickener 617 (viscosity increasing agent, manufactured by SAN NOPCO
LIMITED), and 1.5 parts of 8610ADDITIVE (antifoaming agent, manufactured
by Dow Corning) to obtain a white enamel coating material 2 (main agent).
[0097] Production Example B3: Preparation of a white enamel coating material
(main agent)

By using a sand mill, 61.6 parts of deionized water, 30.0 parts of
DISPERBYK-190 (dispersant, manufactured by BYK-Chemie), 1.0 part of
Agualen 810 (antifoaming agent, manufactured by Tego), and 285.6 parts of

TipureR-706 (titanium oxide, manufactured by DuPont) were dispersed to
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obtain a dispersion paste of titanium oxide.

To 378.2 parts of the resulting dispersion paste were further added 25.4
parts of deionized water, 420.0 parts of the acrylic emulsion obtained in
Production Example A2, 175.0 parts of the water-soluble acrylic resin obtained
in Production Example A4, 54.0 parts of CS-12 (film forming aid, manufactured
by CHISSO CORPORATION), 6.6 -parts of ADEKANOL UH-550 (viscosity
increasing agent, manufactured by ADEKA CORPORATION), 4.0 parts of SN
thickener 617 (viscosity increasing agent, manufactured by SAN NOPCO
LIMITED), and 1.5 parts of 8610ADDITIVE (antifoaming agent, manufactured
by Dow Corning) to obtain a white enamel coating material 3 (main agent).
[0098] Production Example B4: Preparation of a white enamel coating material
{main agent)

By using a sand mill, 61.6 parts of deionized water, 30.0 parts of
DISPERBYK-190 (dispersant, manufactured by BYK-Chemie), 1.0 part of
Aqualen 810 (antifoaming agent, manufactured by Tego), and 285.6 parts of
TipureR-706 (titanium oxide, manufactured by DuPont) were dispersed to
obtain a dispersion paste of titanium oxide.

To 378.2 parts of the resulting dispersion paste were further added 25.4
parts of deionized water, 497.0 parts of the acrylic emulsion obtained in
Production Example A1, 77.8 parts of the water-soluble acrylic resin obtained in
Production Example A3, 54.0 parts of CS-12 (film forming aid, manufactured by
CHISSO CORPORATION), 6.6 parts of ADEKANOL UH-550 (viscosity
increasing agent, manufactured by ADEKA CORPORATION), 4.0 parts of SN
thickener 617 (viscosity increasing agent, manufactured by SAN NOPCO
LIMITED), and 1.5 parts of 8610ADDITIVE (antifoaming agent, manufactured
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by Dow Corning) to obtain a white ename! coating material 4 (main agent).
[0099] Examples 1 to 3
The white enamel coating material 1 obtained in Production Example B1
as a main agent, and each of the water dispersions 1 to 3 of the carbodiimide
5 compounds obtained in Production Examples 2 to 4 as a curing agent were
mixed at a ratio shown in Table 2 to obtain coating materials 1 to 3.
[0100] Example 4
The white enamel coating material 2 obtained in Production Example B2
as a main agent, and the water dispersion 1 of the carbodiimide compound
10 obtained in Production Example 2 as a curing agent were mixed at a ratio
shown in Table 2 to obtain a coating material 4.
[0101] Example 5
The white enamel coating material 3 obtained in Production Example B3
as a main agent, and the water dispersion 1 of the carbodiimide compound
15 obtained in Production Example 2 as a curing agent were mixed at a ratio
shown in Table 2 to obtain a coating material 5.
[0102] Example 6
The white enamel coating material 4 obtained in Production Example B4
as a main agent, and the water dispersion 1 of the carbodiimide compound
20 obtained in Production Example 2 as a curing agent were mixed at a ratio
shown in Table 2 to obtain a coating material 6.
[0103] Comparative Examples 1to 5
The white enamel coating material 1 obtained in Production Example B1
as a main agent, and each of the water dispersions 4 to 8 of the carbodiimide

25 compounds obtained in Comparative Production Examples 1to 4 and 6 as a
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curing agent were mixed at a ratio shown in Table 3 to obtain coating materials

7 to 11.

[0104] A test for curing storage stabilities of a curing agent, as well as a test for

water resistances of a coating film and measurement of gloss of a coating film
5 were performed.

[0105] [Test for curing storage stabilities of a curing agent]

Immediately after preparation of the water dispersions 1 to 8 by the
Production Examples and Comparative Production Examples, and after storage
at 50°C for 1 month, 2 months and 3 months from the preparation, coating

10 materials 1 to 11 were prepared by the respective Examples and Comparative
Examples.

Each coating material was applied onto a glass plate with a 6 mil
applicator, and this was dried at room temperature for one week. The prepared
coating film was subjected to a rubbing treatment with acetone, and the rubbing

i5 times until a base glass was exposed were recorded, determining a
reciprocation to be one time.
[0106] [Test for water resistances of a coating film]
(1) A test for water resistance after drying at 20°C for one hour
Each of the coating materials 1 to 11 was coated on a steel plate coated
20 with a solution-type epoxy-based primer by using a brush under 20°C
environment so that an application amount (at drying) was 120 g/m?, and was
dried at 20°C for 1 hour. The prepared coating film was immersed in water at
20°C for 16 hours, and immédiately after pulling up, a blister on a surface of the
coating film was observed. A blister of the coating film was determined by the

25 criteria based on JIS K5600-8-2. The determination results were shown
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according to the following indication method.
“Blister 0” means that no blister is generated.
In “blister j (Sk)", “j” is a value relating to the number per unit area
(density) of a generated blister, and it means that as the value is larger, a blister
5 is génerated densely. Further, “k” is a value relating to an average dimension
(size) of a generated blister, and it means that as the value is larger, a
dimension per one blister is larger.
[0107] (2) A test for water resistance after drying at 20°C for one week
Each of the coating materials 1 to 11 was coated on a steel plate coated
10 with a solution-type epoxy-based primer by using a brush under 20°C
environment so that an application amount (at drying) was 120 g/m?, and was
dried at 20°C for one week. The prepared coating film was immersed in water
at 20°C for 3 days, and immediately after pulling up, a blister on a surface of the
coating film was observed. A blister of the coating film was determined by the
15 criteria based on JIS K5600-8-2. The determination results were shown
according to the same method as that in the aforementioned indication method.
[0108] (3) A test for measurement of water absorption ratio of a coating film
after drying at 20°C for one hour
Each of the coating materials 1 to 11 was coated on a polypropylene
20 plate by using a brush under 20°C environment so that an application amount
was 120 g/m?, and was dried at 20°C for 1 hour. After drying, the coating film
was peeled off, and a weight thereof is measured. After measurement of the
weight, the coating film was immersed in water at 20°C for 16 hours, and

immediately after puliing up, water on a surface of the coating film was slightly

25 wiped off, and then a weight thereof was measured. From these measurement
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[0113] [Table 3] 42 Conparative Exanpl®5 Coating material 11 Wite
enanel coating material 1 901. Water dispersion 8 91. LI
values, water absorption ratio of the coating film was obtained by the following
equation.
Water absorption ratio (%) = (weight of coating film after immersion) /
(weight of coating film before immersion) x 100 - 100
5 [0109] (4) A test for water resistance after drying at 5°C for three hours
Each of the coating materials 1 to 11 was coated on a steel plate coated
with a solution-type epoxy-based primer by using a brush under 5°C
environment so that an application amount was 120 g/mz, and was dried at 5°C
for 3 hours. The prepared coating film was immersed in water at 5°C for 16

10 hours, and immediately after pulling up, a cracking on a surface of the coating
film was observed. A crack of the coating film was determined by the criteria
based on JIS K5600-8-4. The determination results were shown according to
the following indication method.

“Crack 0” means that no crack is generated.

15 In “Crack j (Sk) I, j” is a value relating to the number per unit area
(density) of a generated crack, and it means that as the value is larger, a
cracking is generated densely. Further, “k” is a value relating fo an average
dimension (size) of a generated crack, and it means that as the value is larger,
a dimension per one crack is farger. Moreover, “I" is a grade (a to ¢) relating to

20 a depth of a generated crack, "a" represents a surface crack which does not
penetrate topcoat, "b" represents that a crack penetrates topcoat, but there is
no crack on an underlying coating film, and "c" represents a crack penetrating a
whole coating film layer.

[0110] (5) A test for measurement of water absorption ratio of a coating film

25 after drying at 5°C for three hours
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Each of the coating materials 1 to 11 was coated on a polypropylene
plate by using a brush under 5°C environment so that an application amount (at
drying) was 120 g/m?, and was dried at 5°C for 3 hours. After drying, the
coating film was peeled off, and a weight thereof was measured. After

5 measurement of the weight, the coating film was immersed in water at 5°C for
16 hours, and immediately after pulling up, water on a surface of the coating
film was slightly wiped off, and then a weight thereof was measured. From
these measurement values, water absorption ratio of the coating film was

“obtained by the following equation.
10 Water absorption ratio (%) = (weight of coating film after immersion) /
(weight of coating film before immersion) x 100 - 100
[0111] [Measurement of gloss of a coating filrﬁ]
Each of the coating materials 1 to 11 was applied onto a glass plate with
a 6 mil applicator, and this was dried at room temperature for one week. Sixty
15 degree gloss of a surface of the prepared coating film was measured with a
glossmeter (micro-TRI-gloss, manufactured by BYK-Gardner). A gloss value of
80 or more is thé range having no practical problem, and a gloss value of 85 or
more is preferable.
[0112]
20 [Table 2]
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times or nore 50 times or nore 35 tinmes 20 tinmes Blister 3(53) %%&Z
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7 White enamel coating material 1 901. 44

[0113]
[Table 3]
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PEG portion / PPG portion Amount (parts by mass) lelllul One nonth
after Two nonths after Three nonths after One hour drying blister on
coating filmOne hour dryi ng Water absorption rati o One week drying
blister on coating film Three hours drying Crack on coating film
Three hours drying Water absorption rat4® of coating film Coating
filmgloss Main agent Ea) 0) 0 0) C 15 0 Test for curing storage
stabilities of curing agent Water resistances of coating filmat 20t
Wat er resistances of coating filmat 5C
[0114] [Description of results]
(1) Regarding storage stabilities for curing
In each of Examples 1 to 8, even when a curing agent which had been
stored at 50°C for 3 months from the production was used, the basis material
5 was not seen through at 50 times or more of rubbing treatment, and the result
was good. On the other hand, in each of Comparative Examples 1 to 4, when a
curing agent which had been stored for one month or two months was used, the
basis material was seen through before 50 times of rubbing treatment. It was
found out that a difference in stabilities of the curing agent itself is seen,
10 depending on a number average repetition number of the PG units in the
carbodiimide curing agent, or a ratio of PEG/PPG.
[0115]
(2) Regarding water resistance after drying at 20°C for one hour
[n each of Examples 1 to 6, there was no blister in the test for water
15 resistance at the initial stage of the coating film, and the result was good. On
the other hand, in each of Comparative Examples 1 o 4, a blister was
generated in a part or a whole of the coating film. Accompanying with this, it
resulted in that the water absorption ratio of the coating film is about 10 to 25%
higher in each of Comparative Examples 1 to 4 than that in each of Examples 1
20 to 6. It was found out that a difference in water resistance at the initial stage is
seen, depending on a number average repetition number of the PG units in the
carbodiimide curing agent, or a ratio of PEG/PPG.
[0116]

(3) Regarding water resistance after drying at 5°C for three hours

25 In each of Examples 1 to 6, there was no cracking in the test for water



43 [0114] [Description of results] (1) Regarding storage
stabilities for curing In each of Exanples 1 to 6, even when a
curing agent which had been stored at 50C for 3 nonths fromthe
production was used, the basis nmaterial 5was not seen through at 50
times or nore of rubbing treatnent, and44 he result was good. On the
ot her hand, in each of Conparative Exanples 1 to 4, when a curing
agent which had been stored for one nonth or two nonths was used, the
basis material was seen through before 50 tines of rubbing treatnent.
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Regar ding %lnoéscsld %Iu% o(‘fcfﬁé ir@@lnfsiolliﬁncontent of 3 to 30 mg/KOH and the water-soluble
15 acrylic resin having an acid value of the resin solid content of 35 to 100
mg/KOH were used, the gloss values of the coating films were 85 or more, and
these were the best results (Examples 1 to 3 and 5 to 6).
[0118] [Measurement method]
(1) Hydroxyl value
20 A hydroxyl value was measured based on JIS K 1557-1 (Method of
testing plastic-polyurethane starting material polyol-Part 1: How to obtain
hydroxyl value).
[0119]
(2) Number average repetition numbers g and r

25 The number average repetition number g of ethylene glycol in



The gl oss val ue of each coating filmof Exanples 1 to 6 was 80 or
nore, and it was good. Further, when the water dispersion of an
acrylic resin having an acid value of the resin solid content of 3 to
30 ng/ KOH and the water-sol uble 15acrylic resin having an acid val ue
of the resin solid content of 35 to 104#g/ KOH were used, the gl oss
val ues of the coating filnms were 85 or nore, and these were the best
results (Exanples 1 to 3 and 5 to 6). [0118] [ Measurenent nethod] (1)
Hydr oxyl val ue 20A hydroxyl val ue was nmeasured based on JIS K 1557-1
(Met hod of pblgethyleheplgssli raonoalkyrrethbrard sheantumbgr auemmgeaiepptiligrohuPhet
1: How to obtain hydroxyl value). [0119] (2) Nunber average
repetitiony BﬂFhfp'yﬁér@ @lpeblrin polipeopylahe ylyavbmagealkgbethier corresporeto g

of ethylene glycol in 45 polyethylene glycol nonoal kyl ether and the

nunber avepagder aRekddd repefitivh fimbedk diratiptérenglygblinglolyalkylene glycol
pol ypr opyl ene gl ycol nonoal kyl ether correspond to a nunber average

repetiti onpyHERGly St rapleskanal I8y ieolollowineederadrklioemnalzo{ 109.0Mhe number

nonoal kyl ether represented by the follow ng general forrmula (10).

The nygnber ,08MRLAERelifREhimbeR sTHEDA WS dBtaindd) fravathe Pidleoedr ivelght e
nol ecul ar wei ght and hydroxyl value of the relevant polyner based on

the fol | ow ' ] Adet0dn tdRibeg metiarhatidad]
CnHz2n- 1- 1&9%gh}mg@hgggr%ﬁrg?%W?r¢t hema?i cal exprgessi on 1]I

56100 ( n&k&,@ég%rn_v\ei ght of polymer)- (sum of nol ecul arwei ghts of
al kyl and hydrogen on both ends) (hydroxylvalue) (14n + I'S) Nunber

aver age reﬁ]ﬂé{}ion nunber (s) = (unit nol ecul ar wei ght of ether
portion)l14m + é [0122] In the mat hemati cal expression,

[Chemical formula 13]

CnH2n+10—€ CmH2m— 095— H (10)

10
[0121]
[Mathematical expression 1]
. 0 4r18)
[0122] In the mathematical expression,
15 Unit molecular weight of ether portion = 12m+2m+16 = 14m+16
Sum of molecular weights of alkyl and hydrogen on both ends =
12n+2n+1+16+1 = 14n+18
[0123] [Industrial Applicability]
Since the two-package agueous coating composition of the present
20 invention uses a carbodiimide compound having a specific structure as a curing

agent, it is excellent in curing properties at the initial stage, and further is also
excellent in storage stabilities. Therefore, the coating composition can be used

in the fields of a variety of coating materials for ambient temperature drying or



15Unit ‘nol ecul ar wei ght of ether portion = 12m2mt16 14mt16 Sum of
nol ecul ar wei ghts of al kyl and hydrogen on both ends 12n+2n+1+16+1
= 14n+18 [0123] [Industrial Applicability] Since the two-package
aqueous coating conposition of the present 20i nvention uses a
carbodi i m de conpound having a specifidgtructure as a curing agent,
it is excellent in curing properties at the initial stage, and
further is also excellent in storage stabilities. Therefore, the
coating conposition can be used in the fields of a variety of coating
mat eri al s pakingadpyingl tenperature drying or baking drying. 47 WHAT
IS CLAIMED I'S: 1. A two-package aqueous coating conposition, )
conprising: (A) an aqueous acrylic resin having a carboxyl group, and
(B) a carbodiimde conmpound represented by the general fornula (1):

5[ Chem cal fornula 1] wherein p represents an integer of 1 to 5,
and two Ris are independently a residue of polyethylene glyco
nonoal kyl ether represented by the general formula (2): io[Chem cal
formula 2] R2-0-(CH2-CH2-0)74--(2) wherein a nunber average
repetition nunber g is in the range of 6 to 40, and R2 represents an
al kyl group having 1 to 8 carbon atons, or a phenyl group, 15and/or a
resi due of pol ypropyl ene glycol nonoal kyl ether represented by the
general formula (3): [Chemical fornula 3] CH3



R3-0-(CH2-CH O r(3) wherein a nunber average repetition nunber r is
in the 20range of 4 to 14, and R3 represents an al kyl group having 1
to 8 carbon atons, or a phenyl group, 48 wherein, in the R's
in the general fornula (1), a nolar ratio between the residue of

pol yet hyl ene gl ycol nonoal kyl ether repesented by the general
formula (2) and the residue of polypropyl ene glycol nonoal kyl ether
represented by the general fornmula (3) is 1:1 to 1:15. 2. The
t wo- package aqueous coating conposition according to claim1l1, wherein

t he agueougyRATISICLAMED ISA) conprises a water dispersion of an
acrylic resin having an acid value of the resin solid content of 3 to
30 ng/ KOH. 1. 3. ATiwe-parkapecEqeeusgoating congiositipne compsisingon
according to claim1, wherein the aqueous acrylic resin (A) conprises
a wat er di sper s{myawhqgasodd agrglic ydsic haesign barborgl groupcamd val ue of
the resin solid content of 3 to 30 ng/ KOH and a water-soluble acrylic

resin having an(Rich damldithidd compouad irep@skhtbddonthergersraiormalal(do:
ng/ KOH at a solid content mass ratio of 2:1 to 10: 1. 4. The

t wo- pgckagg:mggpﬁ)rm fing conposition according to any one of
claims 1 to 3, wherein the nolar ratio between the residue of

15pol yet hyl ene gl ycoL nonoal kyl et her andst he residue of

pol ypr opyl ene gl ycol al kyl er is 1:)2 1:15.
R'-0-C—NH CH; N=C=N CH, NH—FI-*O-R1 (1)

(o) 0
P

wherein p represents an integer of 1 to 5, and two R's are
independently a residue of polyethylene glycol monoalkyl ether
represented by the general formula (2).

10 [Chemical formula 2]
RZ-O-(CHZ—CHZ—O);- (2)

wherein a number average repetition number q is in the
range of 6 to 40, and R? represents an alkyl group having 1
to 8 carbon atoms, or a phenyl group,
15 and/or a residue of polypropylene glycol monoalkyl ether
represented by the general formula (3):

[Chemical formula 3]
CHs
R3-0{CH,~CH—0}—  (3)
wherein a number average repetition number r is in the
20 range of 4 to 14, and R3 represents an alkyl group having 1

to 8 carbon atoms, or a phenyl group,



10

15

48

wherein, in the R's in the general formula (1), a molar ratio between the
residue of polyethylene glycol monoalkyl ether represented by the general
formula (2) and the residue of polypropylene glycol monoalkyl ether represented
by the general formula (3) is 1:1 to 1:15.

2. The two-package aqueous coating composition according to claim
1, wherein the aqueous acrylic resin (A) comprises a water dispersion of an
acrylic resin having an acid value of the resin solid content of 3 to 30 mg/KOH.

3. The two-package aqueous coating composition according to claim
1, wherein the aqueous acrylic resin (A) comprises a water dispersion of an
acrylic resin having an acid value of the resin solid content of 3 to 30 mg/KOH
and a water-soluble acrylic resin having an acid value of the resin solid content
of 35 to 100 mg/KOH at a solid content mass ratio of 2:1 to 10:1.

4. The two-package aqueous coating composition according to any
one of claims 1 to 3, wherein the molar rafio between the residue of
polyethyiene glycol monoalkyl ether and the residue of polypropylene glycol

monoalkyl ether is 1:2 to 1:15.



