31 Cct ober 2003 Aqueous system curable resin conposition and net of
formng a filmor multilayer filns using sanme FI ELD OF THECFIRDEN 5 The
present invention rel-ates to an aqueous system curable resin conposition
and a nethod of formng a filmand, nore particularly, to an aqueous
system curable resin conposition excellent in filmformng ability and

adhesion to. substrates in a | temperature and/or high humdity 10,
B oament . Ao FTREER S b ERg e e gRETvStNE Beste i
conposi tion is fAgy iced muds Melvlerag idyethddgosaneéormng a fil mor

multilayer filns using the same. PRIOR ART 15 The use of aqueous system

curabl e resin conpositions has begun in various fields owng to the
possibility of minimizing the %%ﬂ?ito%f'f%lwl‘@l&blgani c solvents and of
copi ng wi th the recaet peagenanieatak ipn obé bases Genedrald gudoivs yas eaqueous
system cur abl g, Lesin, 020, COIROSt 1L NP ALAREVLLE JETRHE! DO: SYSLEE and
epoxy resin/famné resin _curing systems. Recently, urethane cuiing systens
usi ng an aqudgu§ gysterrdarfyeniPsfhi aBrecupot s sty & efisinthave al so
been used. Heweyek i tsuahe aGRIEDEISE S tFe MnC s Al ey r28i11 tg0aRASddiid¥isan 25
when applied rates._i rature, and/~or, high ,.humdity

envi ronnent , sg‘ﬁéw%g%}s %AIS| n 8%%%#%%%1%%%}1%@1{ ﬂéalghpgfgﬁl&llt&t y that the
strengt ht&ndeadheshvanto sidst FAreRebf 11 |adhe Obtmitredopcgrtsdebeaase have

been g_ Im_at t etg%izoﬁ@_ﬂﬁ@r Bompb_@[ti@zﬁmﬂ% r%p?r_d jlech]EHs?hﬂéliihQ%S al El_@%h@iin@_fs uch

possi bility, equi nt 1s_requir or_..modi fyi.ng the working environment
and nmaintai ﬁ?ﬁﬁlgﬁdgggﬁti?o?ﬂrﬁ‘éfglnfa ep]'—r ofplrn}i)ma eLxSeln rt(%lﬁngﬁf“ef'or a certain
period of tinme. Thus, the problemis that nuch | abor and cost are required

for securing the required quality of pgesuldrmg filnms. 35

15 The use of agueous system curable resin compositions has
begun inrvarious fields owing to the possibility of minimizing
the amount of volatile organic-solﬁents and of coping with the
recent environmental problems. ‘

Generally known as aqueous system curable resin

20 compositions are acrylic resin curing éystems and epoxy
resin/amine resin curing systems. Recently, urethane curing
systems using an aqueous system self-emulsifiable
polyisocyanate resin have also been used.

However, such aqueous system curable resin compositions,

25 when applied to substrates in a low temperature and/or high
humidity environment, show poor film forming ability, and the
possibility that the strength and adhesion to substrates of
films obtained might decrease have been a matter of concern.
For removing all apprehensions regarding such possibility,

30 equipment is réquired for modifying the working environment and
maintaining and controlling an appropriate environment for a
certain period of time. Thus, the problem is that much labor
and cost are required for securing the required quality of
resulting f£ilms.

35



1 31 Cctober 2003 SUMVARY OF THE INVENTION it is an objects gkiohbBexdifesent
invention to provide an aqueous system curable resin conposition excellent
infilm formng ability and adhesion to substrates in a |l ow tenperature 5
and/ or high humdity environment, and, furthe't, in adhesion to topcoats
when a topcoating conposition is applied, as well as a nethod of formng a
filmor nmultilayer filns usi n% sai d conposition. The present invention is
related to an aqueous system SYMBAREr 95| EHEINNENSABHSi ti on wherein an
epoxy resin (A) ang:aseld oefesi birabhe ppekyhsocyadnt Fork &8 PproBidar 8n

di spersed in_an aqueous._s stem, , Pere,. t Q:%ng Oowt.ro%si n A)el has . at I.ﬁast t wo
epoxy groups®PRFOURDTEEERT AR HIT 50Xy SGUIRAl ant” SETheePEsiR SdERy

basi s, of 15f4bRitg ai000y 4o adhssaneeto sabg tiratassin B- bonltsinbie abkerepoxy
resin. The selfi7semylgsi hiRbl £ P iSOeYRMAL Cah85I fudtBler)asn alinAliphal! C
pol yi socyanate skeleton, for instance, and hgs at . |easi.two.- isocyanate.
groups per nbPREIRES afi¢ran {E%‘E’)%%E’a?% COERAR A St F50RPY be‘¥\g§5n”§& i 5

basi s, of 17a(0néichd(yf ffrroingt ande. xR O rFoutiierl a vielre fiidts ousfng segy@anat e
equi val ent , - .resin solid basis, of said self-emulsifiable

pol yi socyanaéf)cghéé;sgjié\ﬁ%{@ to- the epoxy equivalent, on the resin.solid

basi s, of said epdhF Pr&EsERYARVEELAB Ilgsé’eiﬁ&ﬁdo.t?,a‘f‘o‘?.q‘i“?%‘f%%teﬂ]e

present zonvenidtayid Teiliso compatsédiva’a method of 25 ,forming a filmwhich
conpr i ses appl yi N &413BLEohERYN-COAPRR) LLRA LOs8L BUBRIEAS i fal | Oved by

topcoating. 30 35 said curabl& I n conposition_ is an aqueous system
cur abl e resinelmssdianass. reaild AYLedIR FRtUridbPe PEYEPMS cOfffe ti on
i s prepared Heisd, hefoepoappkieahi Qn) t Rathet Substreate &yox§ XjRGHNPAPOXY

resin (A) mﬁ&iléé& esghéfan epoxy'equiﬁalent, on the resin solid basis, of
i5 150 ko 5,060, for instance, and is a self-emulsifiable epoxy
resin. The self-emulsifiable polyisocyanate resin {B) has an
aliphatic polyisocyanate skeleton, for instance, and has at
least two isocyanate groups per molecule and an isocyanate
equivalent, on the resin solid basis, of 170 to 700, for instance.
20 Further, the ratio of isocyanate equivalent, on the reéin solid‘
basis, of said self~emulsifiable polyisccyanate resin (B} to
the epoxy equivalént, on the resin solid basis, of said epoxy
resin (A) is not less than 0.7, for instance.
The present invention is also related to a method of
25 . forming a film which comprises applying a curable resin
cbmposition to a substrate, followed by to_p_coatind.
said curable resin composition 1s an agueous system
curable resin composition. Said agueous system curable resin
composition 1is prepared Jjust before application to the

30 substrate by mixing the epoxy resin (A) with the self-

emulsifiable polyisocyanate resin (B).

The present invention is further related to a method of

: forming multilayer £films which comprises applying a curable
35
resin composition to a substrate, followed by topceating, said

curable resin composition being the aqueous system



enul sifiable polyisocyanate resin (B)_ The present inventsppcispef idder
related to a nmethod of formng nmultilayer filnms which conprises applying a
curable resin conposition to a substrate, followed by topcoating, said
curabl e resin conposition being the aqueous system 2 31 Cctober 2003 5
curabl e resin conposition nentioned above. Here, a coating conposition
used for topcoating may be a polyurea resin conposition. DETAILED
DESCRI PTI ON CE. TH gueous syst.em cura le resjn conp, sj.Qti _on
The aqueous SYATERIEUFABIE TEET Sorpbalt1 R Gl EREY pr clORt: IRV P
conpri ses (A) canrpepokyoressed afelr (B)Pepatsels meyubsi B ablegupokyrsatyanat e
resin, both dicspgbsedibn.an 10 aqueous system Fromthe viewpoint of film
fornlng ability and of adhesion to substrates on the occasion of film
formation, said epoxy resin (A preferably has at | east two epoxy groups
per nDIecuﬁe and an epo&@TkiﬂEQ&ﬂEﬁﬂRIHﬁiONhQFr§§EnI§UENﬁI©ﬁS|s of 150 to
15 5, 000. Lba;._-a, 08 & 2 ol pLe, reaction products
froma novol ak type f resin and or ohydri n, reactloghfroducts
from a bi sphenol reg A ?@Jecbu.s tSHTE R Qﬁg‘?ﬁ B, e {PeCEIPATHE ¥R < drihydr i n,
reaction prodpcésehtonmeemtmmﬂeﬂomarﬂspﬁe(aheanlepesynrealmlammenﬂle{e5|n
(e 0. type A sbYPCoithiVPeonid 204 ARLEYLALLOYALITh 2ALH %h,?g Brolg;gﬁ%s
froma cresol novol e cresol conpound and epic ri

epoxy redin fAYERBY PSS substituent not causing S|de reactlons “when
said resin is used fior bee aqeeoosnsyst eiMe dbahl agraesiln (252 60 BFQsiHd Glbn

i ncl usive of, t%w Oéu};?%@fg%ees aclrheh %lcfc}ﬁls%i)ﬁt Q?rffﬂg f&fr!ﬁ?t%r?u aJ_dTré%o‘?‘{tgfove

epoxy resin (A e a self-
reSLn.(AJ preferably'has at least two epOXY groups per molecule

and an epoxy equivalent, on the resin solid basis, of 150 to
15 5,000.

Usable as such epoxy resin are, for example, reaction
products from a novolak type phencl resin and epichlorohydrin,
reaction products from a bisphencl resin (e.g. type A, type B,
type F) and epichlorohydrin, reaction products from a novolak

20 type phenol resin, a bisphenol resin {e.g. type A, type B, type
F)and epichlorohydrin, and reaction products from a cresol
novolak or like cresol compound and epichlorohydrin. The epoxy
resin (A) may have a substituent not causing side reactions when
said resin is used in the aqueous system curable resin

25 composition, inclusive of, for example alkyl, allyl, ether and
like groups.

The above epoxy resin (A) may be a self-enulsifiable epoxy
resin. This self-enulsifiable epoxy resin is derived from the
above-mentioned epoxy resin (A) by introducing at least one

30 hydrophilic moiety thereinto. Examples are epoxy resins
intramolecularly having a hydrophilic moiety. As the
hydrophilic moiety, there may specifically be mentioned ionic
hydrophilicmoieties and nonionicpolyalkylene oxide skeletons,
among cothers.

35 From Ehe viewpoint of stability in aqueous dispersion,



resin. This self-enulsifiable epoxy resin is derived from48goper 2003
above- nenti oned epoxy resin (A) by introducing at |east one 30 hydrophilic
noi ety thereinto. Exanples are epoxy resins intranolecularly having a
hydrophilic noiety. As the hydrophilic noiety, there may specifically be
mentioned ionic hydrophilic noieties and nonionic pol yal kyl ene oxi de
skel etons, anong others. 35 Fromthe viewpoint of stability in aqueous
di spersion, 3 31 Cctober 2003 the epoxy resin (A to be contained in the
aqueous syst efrPEUIRIBIer eF B3R dBBSONItaR"EF tThENAERIERS| THALRT eRraizle
preferably a reelifi- eampss{t bt e DhapmEndrtonedcaltave, i6r phe NORASEY fa
emul sifiable gpoxyoheolneAlsperard o walaldun emulsl flgal! gn, S uping an
emul sifier we kAnown 1n the art. Fromthe viewpoi nt ~of adhesioh upon
application t8™E4Bsftal ks ePopterSalr-dITRAKITY 4P| B2 lepoky rEglni fscapren
preferred.s Suabifgl i canmksiti bablel lepaxynr esitthd areot Pad icedl @ dwpoint

restricted bupe fromyhe ¥ evnahnt. of adhesion, aasell- enul sifiabl e epoxy
resin 10 intrarofecul ar thaV| S)a pol yal Kyl ene oxi dée skel2t oM As a
hydrophi | i ¢ neited§ifsapteferaed.reSdind iSePrenbirsterapie épwky seddin
LT, G oA SIaRO: Sy secshene ek oL et bR,
the bonvent | ORGP BT TRGET: REAd I 0Rs  Suoh ‘ERaPLL | e bk ORE Rt | o
i n excesslo Suthtepoxlerwlsin ipviadaa poxtvalkydenewox dde norel esppaciass alhe
pol yal kyl ene gl ¥£8bhi Bi QoA iigUbaklrkragtri cted but includes, anong
ot hers, al kyl ene gﬁ%&%Ls %gh ai g%h Egnee 22 gL%CoI,. ropyl ene %k{col and
butyl ene glycol, a Fvgthfﬁg & Fé FsCPR¥Y. TG7 &t hit erfddiaridirriy
triethyl ene ghyeohg anghlypdkypreopybsndegbyebbsoni tén cbadqyregmrafd, for
POl yneri zati O@x&ﬁpge,t (Bylpea(:é@irﬁfmr%@‘lfe gerpﬁn%srt@éiﬁ %Qhegwgaq§éﬁene
lntrannl%%ylaéigéol in the conventiconal manner under conditions such that
the epoxy equivalent is in excess. Such epoxy resin may be a
mixture of two or more species.
The polyalkylene glycol is not particularly restricted
but includes, among others, alkylene glycols such as ethylene
20 glycol, propylene glycol and butylene glycol, and polyethylene
glycols (e.g. diethylene glycol, triethylene glycol) and
polypropylene glycols with a degree of polymerization of 2 to
10.
As commercial grades of such epoxy resin intramolecularly
25 having a polyalkylene oxide skeleton, there may be mentioned,
for example, “WEX-5001" and “WEX-5002", which are reaction
products from a bisphenol A-based resinhaving an alkylene oxide
skeleton and epichlorohydrin, and “WEX-5100”7, which is a
reaction product from an o-cresol novolak type phenol resin and
30 epichlorohydrin {all products of Tohto Resin Kako).
The self-emulsifiable polyisocyanate resin (B) to be
contained in the aqueous system curable resin composition of
the present invention is not particularly restricted but, from
the viewpoint of film forming ability and adhesion to topcoat,

35 it is preferably one having at least two isocyanato groups per



25 having a pol yal kyl ene oxi de skel eton, there may be meniq

exanpl e, "WEX-5001" and "WEX-5002", which are reaction B%%%E%ggr%ggnla

bi sphenol A-based resin having an al kyl ene oxi de skel eton and

epi chl orohydrin, and "WEX-5100", which is a reaction product from an
o--cresol novol ak type phenol resin and 30 epichlorohydrin (all products of
Tohto Resin Kako). The self-enulsifiable polyisocyanate resin (B) to be

t ai di t . i g t t
Covention i 5 napiBOUERIREF L EOLEURAR, o BY AR AETRRRLAL B Th sl N BESEET
forming abili t?fagaoaﬁl‘?’ne%‘?%n to topcoat, 35 it is preferably one having at

| east two isocyanat OTigk QupSepas 1 - addu I faler] « 2806, 188 B2 cands 8f (B) can
i socyanate equjvalent, 0 he rg&!q so&'%_g Lg of _170_to. 700 The above
solt amil oi {1 aBF @O T ah s S Hrder oY B A ad Y P EBar A T T RN S,
by reacti ng® ancPBBeyamhat o-lt entcarrrigd Batshpoukddbophia iconpbehd drendie a
hydrophi li c mobetpseapablel of theashicR@neibhyAdwe 1S e6%aalv ndliOWR 1i dk ddis:
conventi onal manner _un er'éﬁ?“ﬁ&éﬁ”ﬁiaip%hethat t he £300é$n&%€ qgulvalent
isin excess. AT HE TS0 ahato-con Ahihg ¢8hpsaha; < thEr e ey - o o
speci fical ly bexpesti oded thel ysocepanbresontarnmampimpclidal ithieaki pay
pol yi socyanat espsueh; @si iy Qsmmrdaﬁéqe?@ly%bé%ma@é e B example
1,4-tetranet hyl ene dij socyanate, alicyclic olﬁlgoc anates such as .
i sophor anefl i soEyRIMAL YHﬁﬂﬁ%iﬂ@ﬁﬁFe&“FBlgﬁe e ALY AN e and
aromati c pol ydsosyaymtas such 138 -2etrbokeyhehendi dstsyayatats;, antnyclis
others. As tNe, GOPPOMIL AU SR %dr GRBELLEARLEL Yo SARARLE g T eacting
with the isocyanate group, there may specitically be " nmentioned such
pol yal kyl ene grYREIECRAL G i lo€R SaBddaOFHana Bt | FpF 13 At Epoxy resin. 20
As the sel f-ennd By fdabtanaialsyissaty asabte 4Fesinlédd d i de-yaatittedi, nactond t he
aqueous systemgurabl e resin conposition of
As the compound having a hydrophilic moiety capable of
reacting with the isocyanate group, there may specifically be
mentioned such polyalkylene glycols as mentioned above in
relation to the epoxy resin.

20 As the self-emulsifiable polyisocyanate resin (B) to be
contained in the aqueous system curable resin composition of
the present invention, there may further be mentioned, in
addition to a monomeric isocyanato-containing compound as
mentioned above, a dimer or trimer thereof or and those derived

25 from an isocyanato-terminated prepolymer prepared by reacting
a substoichicometric amount of such an isocyanato-containing
compound as mentioned above with a compound having an active
hydrogen-containing compound reactive with the isocyanato
group.

30 From the viewpoint of adhesion in the step of applying
a topcoating compasition following the film formation using the
agueous system curable resin composition of the present
invention, the self-emulsifiable polyisocyanate resin (B) to
be contained in sald resin composition is preferably one having

35 an aliphatic polyisocyanate skeleton. BAmong examples thereof



the present invention, there may further be nmentioned, im addhliapsto a
nononmeri c i socyanat o--contai ni ng conpound as nentioned above, a dinmer or
trimer thereof or and those derived 25 from an i socyanato-terni nated
prepol yner prepared by reacting a substoichionetric anount of such an

i socyanat o-cont ai ni ng conpound as nenti oned above with a conpound havi ng
an active hydrogen-containing conpound reactive with the isocyanato
group. 30 Fromthe viewpoint of adhesion in the step of applying a
Lopcoating coBUSKt#Bh FOTTOH IR Lhe FHAPH6r mehFER BRY gt (A Hjtrsbus
syst em cur abl 2Agesnateop@si dndri* Agfuanacepré9éntprodent $ ot Niypon

sel f-emul sifi ?Qi?u?&@(%ﬁ@cﬁ/ &yesin (B) to be contained in saidresin
conposition is preferably one having 35 an aliphatic polyisocyanate
skel et on. Ampng exahifi 8§ULNalk-8BF 3 L3P ThtBBerSTNER AN R bl womerditg | y

avai | abl e,s t heesimeyo bid et inned théquanates206-cmnls i Apnat e 210"
et e PEP PRI eLBae A Lyl SO g bA0 2
sel f - enul si fi &bt & b3Sy SHE yArRatROTREPRXYBICE b tiRe Epdhye equevas smsteon the
resin solid dasisle ofedine @h@os iefoxyofeshs HhAYséit tihe a0URRUS sSHgkem
Cur a0 ¢ S, EATIE 4 1P e B8 ERTa) NSA A0 5090 PRI
| ess t harl®. °ItHeakditedes 16f 16 hke 7 é9ent 0 - 7 nviditt iedfiephy @btthse polssantied,
as the case mawdiecidd a@v het Yeewpohiedf ARG CAsEORSYDSE I alfgSy khel S
preferably 0.v7.éto i?ﬁto, fm)rdfl gref et[_gbslé}ﬁ ]li_.rO. to!2..g. . Fron%ﬁt he vi ewp int of
wat er di spersi BT A1 AHPSPAPAGE BN arld Workati 953 £hed SGueous
syst em cur abl & Gegiare cowdesiebilonlof the2pPesent invention preferably has a
coating solid contredh Ohe 2Q k@AWY wiREIMisddt GBIES tYheF £ BE£9ALI NT
solid Coqtsentablis_l.j_lteys%nw%gr%g%iEXt\{fv,el 9&% ’ac&t?eeousl lsngsft%;ﬂmcﬂ%able resin
composition of the present invention preferably has a coating
solid content of 20 to 60% by weight. In cases where the coating
solid content is less than 20% by weight, the film forming
ability and workability may possibly decrease while, when it

20 is higher than 60% by weight, the water dispersibility and
workability may decrease, as the case may be.

The aqueous system curable resin composition of the
present invention may contain, in addition to the above epoxy
resin (A) and self-emulsifiable polyisocyanate resin (B}, one

25 or more of such additives as organic solvents, surfactants,
antifoaming agents, flame retardants, plasticizers, dyes,
color pigments, fillers, fungicides, bactericides,
antioxidants, ultraviolet absorbers and light stabilizers, as
necessary.

30 The aqueous system curable resin composition of the
present invention can be prepared by mixing together the above
epoxy resin (A), self-emulsifiable polyisocyanate resin (B) and
other ingredients. When, on that occasion, the epoxy resin (A)
is not self-emulsifiable, its dispersion inwater is preferably

35 effectedbyusinganemulsifier, for instance. This emulsifier



ability and workability may possibly decrease whil e, “heQTféd%ge &Blgher
than 60% by wei ght, the water dispersibility and workabi y nay ecr ease,
as the case nay be. The aqueous system curable resin conposition of the
present invention may contain, in addition to the above epoxy resin (A)
and sel f-enul sifiable polyisocyanate resin (B), one 25 or nore of such
additives as organic solvents, surfactants, antifoam ng agents, flane

retardants, plast|C|ze dyes, . . .col i gnent s ungi.ci des,
bact eri ci des, gﬁ?l%ilé%%tiﬁgﬁﬂ%%%ﬁﬁ %rt%‘ag§3P5€F§°8n8“§|éa?rgkﬁﬁ?l?i%rs,
as necessary?fBeCEhEEhﬂUEbUS%Sy§ﬂ§n1@beathEr@QWVBcﬂwpnsmEﬁ@n of) t he a

present inventbLoa- g@@lggfﬂﬂgggkg@ by mxing together the above epoxy resin

(A, self- enuIS|f|abIe pgﬁ%lsoc anate resin gB and _other ingredients.
Wien, on that occasiolt & nésPh EAPT2PE ABELLEE FYenth iU its

di sper si orf i nsyaten ¢urqhkﬁ<ﬂaabhycaﬁpe$iEz¢md1byﬂuspmgsantemubsntiem id or
i nstance. Thi g epulsify 6 31 Q&I%%ﬁ@gé t@@r forle \jlvnégékzhﬁut a1 he

di spersion and therefore can effectively use e above epoxy
resin. (A isthe %%?HOWSSFFﬁaBF%r%ﬂeSQ@r%?We e RpSeAt ToFe RO aljs t
stability, thpramuemu5ppEuqumﬁﬂ1cﬁtamhﬁurssenpomnpaﬁfhppmlaébtmetpnﬁﬁﬁnt

invention is b " : mel y
t he conponent%@ggiﬁéﬁokxauéggz gfé?y anéﬁ%:xeg t getggr j%Q% ﬁ%?%gﬁhf%a
appl i cati’%h. ¥ ctRRHEARI@RpoILT PEPapRPEEabPPTE Y’ dieiradhesi on, the tine
period referred to by the phrase "just prior 10 to application” is
preferably a 7, h Vet hod formng a filmThe nmethod of formng a
filmaccording tion conprises applying a curable resin
conposition to 15 W¢bdethresofnhereind t hef bl st rdigia tsorihesipriessnis t he

above- ment i ongatk &HIRAU T oRYpS €RsCHPADY end €51 Fu €AHPOSIdd QN.composition to
15 substrates, wherein the curable resin composition is the
above-mentioned aqueous system curable resin composition.
The substrate to be used for the film forming method of
the present invention is not particularly restricted but
specifically includes concrete, mortar, slates and like
20 buildingmaterials, ironor steel panels, and wood, among others.
It is judicious, however, to apply the method to porous
materials such as concrete, mortar, slates and the like.
The curable resin composition to be used in the film
forming method of the present invention is the above-mentiocned
25 aqueous system curable resin composition comprising the above
epoxy resin (A} and the above self-emulsifiable polyisocyanate
resin (B}. _
In cases where the above aqueous system curable resin
composition is not the so-called cne-component system but the
30 so-called two-component system in which the above epoxy resin
(A}, the above self-emulsifiable polyisocyanate resin (B), and
water are separated from each other, the agueous system curable
resin composition is prepared by mixing up these prior to
application to such substrates as mentioned above. The mixing
35 ratio between the epoxy resin (A} and self-emulsifiable



The substrate to be used for the filmformng nmethod of {Nh8.BEESRM:
invention is not particularly restricted but specifically 1ncludes
concrete, nortar, slates and like 20 building materials, iron or steel
panel s, and wood, anong others. It is judicious, however, to apply the

met hod to porous materials such as concrete, nortar, slates and the |iKke.
The curable resin conposition to be used in the film formng nethod of the

present invention.is the above-ne ione% 25la u%gﬁs s%ste curable resin
conposi tion c8itprtEPhg Ehe® d66VE Epoky" FEsTh qﬁ gSERe gquivalent
sel f - emul si fi abkéopointisveranbtee inese ha{B)n tbntlwsqsemhersarsttlw aboatel e

aqueous SYSte%Q%a@J)ﬁpdS@?an COFREShE LRS! Sf MRt tNE 130n6@! bt icula ly
one- conponent system but the 30 so-called two-conponent systemin ﬁ%

t he above epo%?SFEéFﬁe?ASUtt+%?%ﬁ%¥% ST S&IPLer i &BFeCP8I FPRREY R e reS|n
(B), and 5vatetlaréngepaiauednﬁereﬁshcbtrhmhamhﬁalaqaenus5mtsgm:cu;rr&ble

resin conposi Eh@rbdesc&ﬂﬁp%%QgE\\é )i'lﬁgsﬁinrglh‘?gsggﬁrrdlgﬁntq s BRPL! P to

such substrates as nentione e m Xxin ratio between the epoxy
resin (A) and°§eFFee%ﬁ¥%|flﬂﬂﬁﬁet?e3Y1€ﬂPBB%F ?@OEPTRH%H%ﬂiﬁyaﬁ@@emﬁé§Pﬁ (B)
can be selectedmpassmhgnsﬁiﬁrﬁnguand erikingatisengentthactdcabavead Ll ation
to the aqueou? §¥§ curable resin conposition. The method of mxing is
not particula F ricted but includes, for exanple, the one conprising

5 stirring and mi X|G@W%%@ﬁe@%hﬁ%@lh@ar@dwdl)e%@nf Bhel Periedone

conpri si ng mapdéh it xShighip BE €@l aBbxk Mgk s kg st & PddeUt Bue OF 4418 1dKQ.onFr om
t he viempoint of hogqgﬁgpltébo th% hgod ggngrlﬁlngestlrrlng and m xi ng

usi ng mechani ¢al Phiears §r et er 3 1O nsidering the applicability and
adhesi on, the perld&lPﬁﬂ@ﬁ#ﬁﬂ%ﬂn@h%ufkﬁ@-ﬁﬁémaBQV@ﬂ#HKbpﬁatEetkﬂ%dmiugnme of

appl i cati on & sr el esahino owls thBodbsvel BubHSE A8ESE el EUY AL GleRGnt he

filmfor r’ggﬁg gg&ggsgltlfox} f}% Iar%)\/(int' o

tb substrates using a brush, roller,
sprayer or the like and dried, whereby a film can be obtained
on the substrates. The time required for dry to touch, i.e.
tack~-free time, is hardly influencéd by the application

environment and other factors, and is about 10 to 30 minutes,

20 for instance.

hod of formi LEi] i1

The multilayer film forming method of the present

invention comprises applying a curable resin composition to
25 substrates and then further applying a topcoating composition,

wherein the curable resin composition is the above-mentioned

aquecus system curable resin composition. As the substrates

and the method cof applying the aqueous system curable resin

composition thereto, there may be mentioned those mentioned
30 hereinabove referring to the method of forming a film.

The topcoating composition to be used in the step of
topcoating in the above method may be, for example, a polyurea
resin composition, a polyurethane/urea resin composition, a
polyurethane resin composition, an epoxy resin composition or

35 the like. A polyurea resin compositiocon is suited for use.



a required amount of the above aqueous system curabl e resifnoclBecainrosi tion
is applied to substrates using a brush, roller, sprayer or the ?lke and
dried, whereby a filmcan be obtained on the substrates. The tinme required
for dry. to touch, i.e. tack-free tine, is hardly influenced by the
application environment and other factors, and is about 10 to 30 m nutes,
20 for instance. Method of formng multilayer films The multilayer film

form ng netho h se venti o rlses R ylng curable resin
conposi ti on t% % % R%?él%%@ rd}¢a¥ea Pu%? o@ﬂﬂﬂ%} ﬁ& Ebﬁf?ﬂﬁfe
conposi tion, WW§r@Pﬁpth%i%ﬂwﬁﬂﬂ@@lﬂésﬁﬁr@éﬁ@é%@tHQﬁYQ&yaﬂhalabapelmemln@ned

aqueous SySteman!ﬁx@BbetéLQ@r{th@HBQﬁlék@éhdﬁ&g bR nsubsd rabes 1§88y£n§témt hod
of applying t agueogs s§?ten1cura e resin . conposition tﬁereto t here
may be nentio gd ABE&CTenf i DREY PROYWeT i Hiabdy EFEPSHRE ¥R ERe® Rt hod of
form ng a $i | ponMhectapipatiangd abdrpddiaiconay bebenisiet eidn™ Tcheyhsiueprdok -G~

topcoating i nahhe“2BYRgAREAOR- pRY (NSeh fio /XS N@pPBhYHE BAr) I EShdhg
conposi tion, FIRolguret%ane/urea resin conposition, a  polyurethane resin

conposition, hBxy resin conposition or 35 the like. A polyurea resin
conposi tion is suit®de frgrthyglec 82l oo lide 2008 Sperickitdal| yompdwei tpiadry ur ea

resin CO”DOS'EboﬂotSQaEEHcd¥§¥ﬂ¥‘%estQ&%t@@”ButSéeréE%s%@ganBﬁﬁE1@§I
pol yoxyal k Ieneggaganlne an amine termnal chain extending agent and a

pol yi socyshat &° EEXArAHY DU FUBOPY EFeGa R &2 RREdHSEs PYi o Vi ipchre 5
comercially ada«:phabé eort hbe ecammo Sie iment | Wned'tTeughyareh ReSin codting

© Toughguar d- ReFnpd Dot o ! 0Lt thdfadd Pl B@'eﬁt)thgnﬁ?ggh égq{apsﬁlsﬁeg met hod

of applying ove topcoating composition s not
restricted bu?péahé%%§§§F9n§ﬁﬁéﬁ@leaFﬁ351&@‘¥Hﬂd@@@@ﬁ§“&@hﬁé§9tﬁhﬂfeof

enpl oyed can beieppl hedhlyramurethodl bgeiqlabe 1t eloh e GHFPPOFHE iPrapien

the pol yufe£a LESL, Crgeaéﬂdw comprising spreading the composition using a
trowel or spatula, for instance, can be selectively employed
according to the species of resin.

The application of the above topcoating composition can
be carried out after drying of the surface layer of the film

20 obtained by the above-mentioned film forming method. On that
occasion, it is not always necessary that the whole film be found
set. The drying of the surface layer can be confirmed by
touching with a finger. Drying at ordinary temperature or
forced drying following application gives a multilayer film.

25 An adequate drying time can be selected depending on the
application environment.

From the viewpoint of adhesion, the interval between the
application of the above aqueous system curable resin
composition to a substrate and the application of the topcoating

30 composition in the process of multilayer film formation
according to the present invention may be generally at most 7
days. Fromthe viewpoint of shortening the termof construction,
about 1 to 2 hours, for instance, may be selected as the interval.

The time required for obtaining sufficient film quality

35 using the multilayer film forming method of the invention is



conposi tion, for instance, is used, the nethod conprising, é&ga#éq$3
conponents while causing collision and m xing thereof wusing a hig
pressure two liquid collision mxing type sprayer 15 or the nethod
conprising spreading the conposition using a trowel or spatula, for

i nstance, can be selectively enployed according to the species of resin
The application of the above t opcoati ng conposition can be carried out
after drying e rface of t obt ai ned

above- ﬁEﬂtIOﬂgg Pll%??hﬁ%ﬁ%ﬁ ﬁéfh%ﬁch§1 g%@cggfcﬁPo ﬁ:p°g¥H5Faa¥ﬁ%§%
necessary thatoppeswhobe {$|wsdd Fouhe Qﬂﬂ?@athegdrYongloﬁtaheesurface

| ayer can be confirmed by touching with a finger. Drying at ordinary

tenperature or forged drying follow ng application gives, a nultllayer
film 25 An adequat h%r@ﬁ#ﬁf%%rﬁ¥%§§ﬁ Sgr§gﬁgcfgﬁlﬁeﬁ P tHe
appl i cati dn epviesenhehtvelrtiom tdwnbhievpshet epbxgdhesion(Al hethat s vt

bet ween t he
conposition
conposition

apph ks Q@l&@f‘e BElE{Q@O@?@P{@t@-gEQQHS(styﬂ(?m‘xQHE%Wde FiES

to a substrate and cation of the topcoating 3

i hSt e P s tof £ HBI ﬁqqf@;f@'r apif ¥ or nTEFt PeR LL5RABF o AR 31t he

ore,

present invenailow neypdm garelal §ySal) sesiigh haaysi £ Frenyt he oel svpai inte of
shorteni ng thebeld i ¢f WaliCRRLRNC LHDOULe b & P 2 MU gl PL {13! BHG Gon oY DE

sel ected as the interval time require talni-ng surticient Film

quality X5 SR E¥Re niing I]a‘iyérhofrtlf nefer fhagt HEt hok 9t e ddhasicrofd s 9
31 October 2083aboated,6 ahaumh@é]taar tbopie® abipgawhen dale aboy RRaurRa

resin conp05é£|£nbﬁ§ §K%E%S?Q?§8aéggg for |ns ance. The aqueous

systen1curab|e resi Fesent i fhvention contains the
epoxy resin (A, th“eltémwgherﬁilesmﬁicaénésmlfy sdespmatid adsi preBpnindwnwat er

and, thereforghey la&eep@@bhﬂ@bly rprdduaaefciobma&g l&tgiﬂdvte)ﬁenltn%ﬂaddﬂéfé&cﬁ{ as€ven
in al O‘ﬁf rg)l:e(gf?'t bt(.) E I’Sff%l % néldrll ! m§) eﬁ %ch/o : e e%oxy
hum dity) enV|roﬁ%e 7t he ra i formh § ?%

re51nconta1ned111theaqueoussystmncurablere51ncomposition
of the present invention and, on the other hand, by an
improvement in film forming ability of the film surface layer
as brought about by the urea forming reaction of the self-
20 emulsifiable polyisocyanate resin and, further, by an
improvement in adhesion to the topcoat as brought about by the
urethane bond and/or urea bond formed.
The film forming method of the present invention, which
uses the above-mentioned aquecus system curable resin
25 composition, makes it no more necessary to modify the working
environment and maintain and control an adequate environment
for a certain period of time by expending much labor and cost,
Thus,

stable and high quality can be provided in a short period of

which is usual in the prior art. for example, films of

30 time even in a low temperature environment (e.g. 5 C) or in
a high humidity environment (e.g. 100% relative humidity), for
instance.

Further, when a topcoating composition is provided on the
film formed by the film forming method of the present invention,

35 the time until application of a topcoating composition can be

10



10 tack-free tine is short, and the filmstrength, adhesi9onot@peSiitstrates,
and adhesion to the topcoat in case of application of a topcoating
conposition can be secured. Although the nechanisns of these effects are
unknown, they are presumably produced by an inprovenent in adhesion as 15
brought about by the substrate being inpregnated with the epoxy resin
contained in the agqueous system curable resin conposition of the present

i nvention and, on the other hand, by an inprovenment in filmformng
ability of thelddtmnedr$avee [thpetaclastirotight aboerybshdihe witbatiorbbag

reaction of theysells 20semmlsifHAkl eepohVisganals, M eshnpand . 1;]&11 BEEn by
an inprovenent in adhesion-to the topcoat astrou ht about t he
[

b .
ur et hane bond %aidF8r T6F b3 TIYMRP T Irirdd L STHaSF Faf ¢ I?ﬁ?%“r?eq'hd%(ﬂ‘eof"ot”ﬁénq
present inventtior, cwhibeh fuusbsrtededel entemt L ohbdy agiedns sysitemieuaabl e
resin 25 combasidhl §fla17BYCEah O GUL SAPCIPSYN A dTALLY Be UREREND
envi ronment and ‘mai'ntain"and control an adequate environment or a’certain
period of ti mEPRY1ERPEARI A§ AR TeboreHi CFRCS18#Pch is usual in the
prior art. Thus, fosirxamplecaqdddussebtestailadlantdedighoapakityosadT bRe
provided in a Lt . peri of Le even i W r.ature_environnment
(e.g. 5 90 OP%%%?BE ﬁ%ﬁ%&hﬁoﬁ g?ﬁ%g glvlﬁ}soﬁﬁe%f? iel.oegr}é %ﬁg&lﬁgr ati ve 218
hum dity) , f&PSSiRdeakeeusFuFeHRd afHdirlest W&Qﬁtnﬁoééﬁﬁﬁﬂﬁon is
provided om the filmforned by the filmform ng nethodof the present

invention, 35 the ti t ppLL cat [ osition can
be 10 31 Cctober 2003 s}%?'t (ka{?eDg gb%cgﬁ%ﬁgnﬁéc@# ?@gﬁoﬁﬂq@q{@\gry short with
the above aqb&8B8lsybt efdegrdbl eYFESRNCEbAPLbRicmRsitigrarkti cul ar when a

urea resin conmposition is used for topcoating, the working tine can be

further reducggxgg%fml tilayer filnms of stable a%r;tp C?‘f{hei{lgllﬁﬁégllritty can be
on of

obt ai ned i n about hours follow ng applicati 8sin
conposi tibh. (product of Tohto Resin Kako; bisphenol A type epoxy resin

having a polyalkylene oxide skeleton; resin solid-based epoxy

equivalent 530; resin solid content 50% by weight)

Aquanate 200 6.5 weight parts

{product of Nippon Polyurethane Industry; self-emulsifiable
20 polyisocyanate resin having an aliphatic polyisocyanate

skeleton; resin solid-based isocyanate equivalent 347; resin

solid content 100% by weight)

Water 27.1 weight parts

25 The above materials were mixed together and the mixture
was stirred at 1,000 rpm for 5 minutes using a table type Disper
mixer to give an aqueous system curable resin composition 1 in
which the ratio of resin solid~-based isocyanate equivalent to
resin solid-based epoxy equivalent was 1.0 and the solid content

30 was 30% by welght.

JIS mortar pieces, 70 x 70 x20 mm in size, ground
beforehand on one side using a disk sander and stored under
environmental conditions of 5 °C and 85% (relative humidity;
hereinafter, "RH"), 25 °C and 85% RH, or 25 and 100% RH were

35 used (two pleces for each set of environmental conditions; a

i1



Since the aqueous system curable resin conposition of the;, BE%?S?%oos
invention gives filns of excellent quality, it is also p055|% 0 us
coated articles without topcoating. 10 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON  Exanpl e 1 Aqueous system curabl e conposition 1 WEX-5001 20.0
wei ght parts 15 (product of Tohto Resin Kako; bisphenol A type epoxy resin
havi ng a pol yal kyl ene oxi de skel eton; resin solid-based epoxy equi val ent
530; resin solid content 50% melght) Aquanate 200 6.5 wei ght parts
(product of Nteséd PéI §uPé€3‘ﬁ%é | TS e8| fysansFerable regn

pol yi socyanat eokgsishthasi Dgoata fhédhad |r@erpglq11@p@ybaﬁ@t eeskrl et ong) rgsd n

sol i d- based i t i 4 olid content. 100% by wei ght
Vater 27 1 werghtnar e e YRLEHY Slde diBhin SRCE SRR s TnER S Che
mxture was $tFefedrPacirengoorrpriesr SBedi ReRed hysi @@t@m%cbwér?ywndsper
m xer t ]9 05 Ve agh i AQUEDLS tSESECHT €45 &l En ¢ Q@si@e@@ﬁﬁ@%é& Q¥ énirjlﬂrcaﬂl}gérpﬁhdﬁ he
ratio of resi se nate equi val ent resin so ase

epoxy equalgoﬁaugo%g qﬁ& tﬁé%so |8l%on eh ?reﬁﬁﬂ< TS 36988y Wéi YHE SA1's
nmortar piecesthzh khgoindxyvierh prognied g oudwpurbefot eHamironaodel8ige fusi ng

a di sk sander “@adgﬁ&;@a@&i mngter ( p@aucrtoryfemtl@%o@p@ghhton§oP&er&glaé%d 85%
herei nafte 5% 25 and 100% RH

(relative hum Y ae \
were 35 used F?&B E?%éﬁf”f%ﬁoﬁﬁﬁﬁf%ﬁﬁn}Va%ﬁW¥?6ﬁ T GRCRGHAITEFEReI L om 31
Cct ober 2003 tothédefith phecesiecubheyagee cus abyist eas tucabbesieson usmg

composi tion 1,0b5aj ﬁqgaaspme@%ra@%qug@%huge? 831 Y&%ed ?ﬁgldn a9 the

ground face of each pi ece usin ush ive a test spec he "t est
speci nens t huSt3hR%F e SkeFRe %’?Fﬁft%va?gﬁpﬁ GRORF EHE C@é‘@#ééﬁﬁﬁd‘?%glve

respective setesof swedirmsmerical adhesion testing.
15 Example 2 Aqueous system curable resin composition 2

WEX-5002 20.0 weight parts
(product of Tohto Resin Kako:; bisphenol A type epoxy resin
having a polyalkylene oxide skeleton; resin solid-based epoxy
20 equivalent 710; resin solid content 50% by weight)
Aquanate 200 9.8 weight parts
(product of Nippen Polyurethane Industry; self-
emulsifiable polyisocyanate resin having an aliphatic
polyisocyanate skeleton; resin solid-based isocyanate
25 equivalent 347; resin solid content 100% by weight)
Water ' 36.2 welght parts

An aqueous system curable resin composition 2 with a ratio
of resin solid-based isocvanate equivalent to resin solid-based
30 epoxy equivalent of 2.0 and a solid content of 30% by weight
was prepared in the same manner as in Example 1 except that the
above materials were used. Thereafter, test specimens and test
specimens for adhesion testing were obtained in the same manner
as in Example 1.
35

12



conditions. The test specinens were taken out one by one 533 O%t?]%rztolqg
interval anounted to 1 hour or 16 hours, and 10 g of "Toughguard R G'
(product of Ni ppon Paint; solvent-free polyurea resin conposition) was
applied to each surface portion 10 coated with the aqueous system curable
resin conposition using a spraying apparatus for exclusive use, followed
by one day storage under the respective environnental conditions to give
t est speci nen&xbnpladBesiforacest isyg.tels cExabpke r2s Ayueouse sitsta@mur abl e
resin conposition 2 WEX5002,,20 SO sWeiIPLrRBI £Sre d B %Sqftijgglhgo Regl p
Kako; bi sphenol A type epoxy resin having a polyal kyl éne oxi de skel eton;
resin sol i d- bA8E4CePbxyS 2P edfed VATRAMT T 1150 TEEIAF & QA VESRPENEO 5P by

wei ght) Aquasatl @d2P08s8d et gktupaaient (pf aduchndfa Bopparcdalany ethaoe

| ndustry; sel | si.fj abl | Y/ i i i bhat |

pol yi socya%at %y %%%h?pﬁg:sﬁ%%%cﬂs ?g-@g%gmlégﬁdcﬂ&ae%g%%q%gﬁae%{ vgl ée%fe%%?;
resin solid cbRREntAITTWEY AR gheF Waeerisgm aferghto Hdr-ts "ahghgurwiiss
syst em cur abl enﬁe,&itremaﬁp@xsiatzdc@mtlzowi 2 4. B wedlgh® pefts BSiThelﬁ'@hEde]?a;@égst g
i socyanate equyj resj L d- 0 qui v nt . nd a
solid content g%%(gjslﬁ%}g%%%ﬁe‘?%%]sg\%ﬁﬁsﬁ S?g;%(r}e%&)?%&fﬁtgg%n%%ﬁgrg%%ajinneoa
Exanpl e 1 excépt theaiansdnagboy e srdttefi*@® \gele used. Thereafter, test
speci nensgcand test specinens for adhesion testing were obtained in the

sanme nmanner s in Exanple 1. .35.12 31 October 2003{: Ex@@:ipl e 3.Aqueous
EM™ETraolrE

syst em cur ablgmp%%?%% TAGUeoUE Byt St8sin

conposi tion 3compdsidiagmatd o of resin solid-based i socyanate equivalent to
resin solid-based @apoxyueguUsYvaketbnotuta¥l @nteisddrbdeartient 40{18R%5 by
wei ght was prepared | n the Safe fMRANeh 8oL FXRIPLE v XG8Pk s resin
15 solid-based epoxy equivalent of 0.6 and a solid content of 30%

by welght was prepared in the same manner as in Example 2 except

that “Aquanate 2007 was used in an amount of 2.9 weight parts

and water in an amount of 20.1 weight parts. Thereafter, test

specimens and test specimens for adhesion teSting were obtained

20 in the same manner as in Example 1.

Comparative Fxample 2 Agquecus system curable resin

composition 5
Using 2.8 weight parts of “EH-623W" (product of Clariant

25 Japan; modified aliphatic amine resin; resin solid-based amine
equivalent 160; resin solid content 80% by weight) in lieu of
9.8 weight parts of “Aquanate 2007 and using water in an amount
of 18.0 weight parts, an aqueocus system curable resin
composition S5with aratioof resin solid-based amine equivalent

30 toresin solid-based epoxy equivalent of 1.0 and a solid content
of 30% by weight was prepared in the same manner as in Example
2. Thereafter, test specimens and test specimens for adhesion

testing were obtained in the same manner as in Example 1.

35 <Evaluation tests>

13



31 October 2003
t hat "Aquanate 200" was used in an amount of 4.9 weight parts and water
an anount of 24.8 weight parts. Thereafter, test specinens and test
speci nens for adhesion testing were obtained in the same nanner as in
Exanple 1. 10 Conparative Exanple 1 Aqueous system curable resin
conposition 4 An aqueous system curable resin conposition 4 with a ratio
of resin solid-based isocyanate equivalent to resin is' solid-based epoxy
equi val ent of Teckefaad Hesblid content of 30% by weight was prepared in

the same manner as THeE\‘S@Wl@p@cﬁ&@rﬁsOtpretﬂ&%te éﬁug&ahslao? twa§ Hﬁ&d in an
anount of 2.9 WEI ILn an anobunt 0 parts.

r and ter . i ght
Thereafter, tggpp EE ﬁe§§ W@@Pdsae%?ﬁ%n%tQQﬁdzﬂﬂﬂ%§ Gﬁeté§§Pﬁ@t%E?e
obtained 20 c:nntih]meame ar&hmmhasoane&mnﬂae:elwaﬁoﬁ@@ﬂ@édi \#&tﬂ(ant)i@gar
Agqueous syste I C I pard
"EH 623W %prggﬁ%%@%%q8F§§P§%€ QﬂPQﬁbEhQPf§mP% H%S%E? ﬂﬁa tic anlnér?%%$n
resin solid- b4@RFIRFIHRE béfq'&]il?/ﬁi@nt qi}B"f’) tlﬁrt?sFﬁqébFPG %Qﬁlttéﬁt £ Bogs byr it ght)
inlieu of 9t8bwehghopacbseoted Aguataten 260thanddksifitgeVeims and, afhaount
of 18.0 wei ghgap@rttﬁve@Qsa%ﬁ%sjoww%gmg R BRSPS S ML a

ratio of resin solid-based am ne equiva resin soli esc'-:‘Daee poxy
equi val ent of%as L 5 7 &5ﬁf~§ﬁt dre 0% b hengResSWasS p?’é%)a?fwl’} n

t he sane wannit Bsbie Exanple 2. Thereafter, test specinens and test
speci nens for adhesion testing were obtai ned in the sane manner as in
Exanpl e 1. 35 <Eval uation tests> 13 31 Cctober 2003 The test specinens
prepared in d Conparative Exanple 1 and 2 were stored
un](cjer the respecti veie ¢esdi sbedsne@ndieackineeabad syt {agea yastpuched Wi th
a finger

in

Examples 1 to 3 and Comparative Examples 1 and 2 were evaluated
15 for adhesion using a Kenken (Building Research Institute) type

adhesion tester. The evaluation results are shown in Table 1.
The evaluation criteria were as follows:

O: Mortar fracture

A Intralayer fracture of the aquecus system curable resin
20 composition
X: Mortar/aqueous system curable resin composition film or

aqueous systemcurable resin composition £ilm/Toughguard
R~G film delamination

25 {Table 1]

Ex. 1 |Ex. 2 |Ex. 3 |Comp.Ex.l |[Comp.Ex.2

5 T, 25 min [ 25 min {25 min |30 min 16 hr.
853 RH| O O O A X

— O O O JAN A

o 25 C, {10 min |10 min }10 min |15 min 6 hr.

5 21 85%RH Q O O FAN X

€9 O O Q JAN O

2525 °C, |15 min {15 min [15 min |20 min 16 hr

£ El1008 [0 ® O A X

« O RA O O O A %

Upper row: Tack-free time.

Middle row: Adhesion of the test specimen for adhesion

14



5 at timed intervals and whether the fingerprint remai ned 33r0(ﬁ8?er2\88§
checked by the eye. The tine required for the fingerprint to be no nore
observed was taken as the tack-free tine and, when said time was within 30
m nutes, the requirenent in this respect_ was regarded as satisfied. The
eval uation results are shown 10 in Table 1. Adhesion testing The test

speci nens for adhesion testing as obtained in Exanples 1 to 3 and

Conpar ati ve Exanpl es 1 anBeftiygy evlegm the ethtapsrdlowagdiebipon.usi ng a Kenken
(Bui | di ng Resealeh 1LRgti hHLEL ;LYPE radhES] t The eval uation results
are shown in Table 1. Tﬁe eval uat |fon cr%:tggtr:igst\%\g{rﬁéena?eofrolal%g\%:m&: Mort ar
fracture A Intralayer ftastung w@hetn hehaqueousrslysitaamicukhabke.resin 20

conposition X, \Nbrtar/aguepus. tem curable resin conposition filmor
aqueous syst er%dggrf{aegﬁglggy H‘mégﬁ%si tion film Toughguard R-Gfilm
del am natien 25 [Table 1] Ex. 1Ex. 2Ex. 3Conp. Ex. 1Conp.Ex.2 5 C 25 m n25

m n25 mn30 m nl6 h .O%gaoﬁRl-g_g%qx %0 AA 25, C10 m nl0 n‘iplO m nl5 mn6 hr
4], . 85% RHOO0QX "BORETP 4528 EOLS AP B FInTBe AHES R AYSiEmnpurable
1000000AX resin composition of the present invention was used, as is
- B evident from Table 1,-the tack-free-time was short even in a
low temperature or high humidity working environment and, even
10  when the interval between the application of the aqueous system
curable resin composition to the substrate and the application
of the topcoating composition was 1 hour, the adhesion to the
substrate was good. In Comparative Example 1 or 2, however,
even when the interval until topcoating was 16 hours, the

15 adhesion to the substrate was poor.

15



uloRHOOOLaX Upper row. Tack-free tinme. Mddle row Adhesigac%#dﬁﬁgopgst
speci nen for adhesion 14 31 October 2003 testing when the interval was 1
hour. Lower row. Adhesion of the test specinen for adhesion testing when
the interval was 16 hours. RH Relative humdity 5 In Exanples 1 to 3 in
whi ch the aqueous system curable reggifiygonposition of the present
invention was used, as is evident fromTable 1,-the tack-free-tinme was
short even in ai.l oadieamper aFurf€rmimghimght hlagedi toy 1mer it g ewiptonaent and,
even 10 when t.he intervg% bet ween_t he agglic tion figh% aq%eggswsgsten1
curabl e r&&H W ' ednPositronTt o" e SUBSTrat?” and Tha™appid€atiSn °8F t he
t opcoat i ngy conpositingn wherdihoweidt heradhesirenin octigosisuilost riat eamas good.
In Conpar atlye Example 1,063, NOWeYer. . &uen; yhen t e, iateryal unti|
topcoatindqmas 16 Hour's, “t1He I5 adhesi ontto the substTate was p80r¥ t 15 31
Cct ober 20833 nCLANMBndla #ehetenod sofidlorariped yiabtydrsater dfeisliips (Bhi ahe
conpri sesdi%%%lr%ing a curable resin conposition to a substrate, followed by
t opcoati ng, "wherein said curable resin conposition is an aqueous system
curable resin conposition in which an epoxy resin (A) and a
sel f-emul sifiable polyisocyanate resin (B) are dispersed. 2. The-nethod of
forming nmultil ayer Thd methedordi Agriiony @uditmtdyewherld@isn agceodi thgto
conposi tign, ;yseqd fRL LePCOALLNG A cpBk YHEER, J&BT M CAWPRSLEI LN 13- A
met hod of formng nultilayer filnms according to

a polyurea resin composition.

3. A method of forming multilayer films according to
Claim 1 or 2, wherein said epoxy resin (A) has at least two
epoxy dJgroups per meolecule and an epoxy equivalent, on the

resin solid basis, of 150 to 5,000.

4. A method of forming multilayer films according to
Claim 1 to 3, wherein said epoxy resin (&) 1is a self-

emulsifiable epoxy resin.

5. A method of forming multilayer films according to
any of Claims 1 to 4, wherein said self-emulsifiable
polyisocyanate resin (B} has an aliphatic peolyisocyanate

skeleton.

6. A method of forming multilayer films according to
any of Claims 1 to 5, wherein said self-emulsifiable
polyisocyanate resin (B) has at least two 1isocyanato groups
per molecule and an isocyanate equivalent, on the resin solid

basis, of 170 to 700.

7. A method of forming multilayer films according to
any of Claims 1 to 6, wherein the ratio of the isocyanate
equivalent, on the resin solid Dbasis, of said self-

emulsifiable polyisoccyanate resin (B) to the epoxy eqguivalent,
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Claim1l or 2, wherein said epoxy resin (A has at |east two epoxy groups

per nol ecul e and an epoxy equivalent, on the resin solid basis, of 150 to
5,000. 4. A nethod of formng nultilayer filnms according to Caimlto 3,
wherein said epoxy resin (A is a self- emulsifiable epoxy resin 5. A

met hod of formng nultilayer filnms according to any of Clains 1 to 4,
wherein said self-enulsifiable polyisocyanate resin (B) has an aliphatic
pol yi socyanat e °BkEMRtIHFineSONFdATIE 0P LT D7 R OMYI ¥§3 Y ™ f +FnB°%accor di ng
to any ofos{d aihas 4.40 5, wherein said self-enulsifiable polyisocyanate
resin (B) has at |least two isocyanato groups per nol ecule and an

i socyanate equivalent, on the resin solid basis, of 170 to 700. 7. A

met hod of formipg nul hbt@yerof i EoBnacs on@i 1 dyer anymef aCkaidingl t® 6,
wherein the ratio of the isocyanate equivalent, on the resin solid basis,
of said sE-CefiPiPFihbie PolNrEsEyahat YA ERTC tH (HETepOky e

equi val entgthk 3t €stwber n20031oet e 1mesie setdud basésialaf said epoxy
resin (A) is not less than 0.7. 8. A nethod of formng nultilayer filns
according to any of Clains 1 to 7, wherein the substrate to be used for
the nmet-hod of bor m ngetmdd | bAyE6rHidgremuStipeveus fiaher bator@ingA tret hod- of
form ng | t.il aér/er rfli | s accor ding to at%'r?iain qs v(\:/tg)ercgietnethe porous_mat eri al
i s concrete hott af " ort s %O AR aquous CsyStent cur abl e resin
conposi tigmygteswherei n the aqueous system curable resin conposition is used
for the nethod of formng nultilayer filnms according to any of clains 1 to
9. 17

10. An agqueous system curable resin composition,
wherein the agueous system curable resin composition is used
for the method of forming multilayer films according to any of

claims 1 to 9.
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31 Cct ober 2003 Aqueous system curable resin conposition anéDCtObeﬁzgos
formng a filmor mu.ltilayer filnms using sane Abstract To provide an
aqueous system curabl e resin conposition excellent in filmformng ability
in a lowtenperature and/or 5 high humdity environnent, in adhesion to
substrates and Mueééﬁe§Y§he@ocwmb%t%emrﬁqmwalmﬂfg ansl g@rthoddobut, as
well as a nethod of fo a filmor nultilayer filnms using the
conposition. An aqueou mPc idl 8T BeL R LBKPESEL1BR, USHET sialean 10
epoxy resin (A and a self enul si fi abl Bbpokytsocyanate resin (B) are

di spersed in an aqueous system A nethod of formng a filmby applying a
curable resin conposition to substrates, wherein the curable resin
conposi tion is t hel ADARY . SduS BPROEMSHFEER €Uredile Te51in0ApEEPEEbhon
Further, a neékoesl vénd qmmfmgmrrﬂd;fmiragf@blfmlt@s lhyaaM)ﬁé&gaex%tﬁ%@thé/6§Sl n

Compost LB LGHIHAIRY SOLaRLEY AP A%p eneeRlta common, Lon,
resi n conposiddineiorg to topcoats when topcoating is carrled out, as well
as a method of formlng a film or multllayer films using the
- compOSJ.tlon .
An aqueous system curable resin composition, wherein an
10 epoxy resin (A) and a self-emulsifiable polyisocyanate resin
(B) are dispersed in an agueous system.

A method of forming a film by applying a curable resin
composition to substrates, wherein the curable resin
composition is the above aqueous system curable resin

15 composition.

Further, a method of formingmultilayer £ilms by applying
a curable resin composition to substrates, followed by applying
a topcoating composition, wherein the curable resin composition
is the above aqueous system curable resin composition.
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