31 October 2003 Aqueous system curable resin composition 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 %ﬁﬁﬁbﬂOQﬁTﬁﬁﬂ%ﬁ“ﬂﬂ??ﬂﬁganic solvents and of
copi ng wi th the recanat peagenantmutak iprn obé base s Gemedral d gu ez a3 eaqueous
system cur abl g, Lesin, 020, COIROSt 1L NP ALAREVLLE JETRHE! DO: SYSLEE and
epoxy resin/amne resin_curing systens. Recently, urethané curing systens
usi ng an aqudgu§ gysterrdarfyeniPsfhi aBrecupot s sty & efisinthave al so
been used. Hewryek. tsuahe REUEDISE Sy FeMuC ks abl 9y r28i1n tGoARaSidliddlison 35

when applied rates._i rature, and/~or, high ,.humdity
environnent,5§§8mgggéﬁ ??Iﬁ1 8%n#%§b%§$yﬁ¥€lé§§zfﬁEﬁigﬁxﬁg%ﬁ%lF&iy 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 naintaiﬁ?ﬁﬁlgﬁdgggﬁi?o?fi%%P%hf% %ﬁd%gﬁﬁ éxgh F@ﬁn&ﬁ?efor a certain
period of tinme. Thus, the problemis that nuch | abor and cost are required
for securing the required quality of pgesulddmg filnms. 35 1 31 COctober 2003

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



SUMVARY OF THE INVENTION it is an object of the present iswgpibaidd

provi de an aqueous system curable resin conposition excellent In film
formng ability and adhesion to substrates in a | ow tenperature 5 and/or

hi gh hum dity environnent, and, furthe't, in adhesion to topcoats when a
topcoating conposition is applied, as well as a nmethod of formng a film
or nmultilayer filnms using said conposition. The present invention is
related to an aqueous system SPU?"KgEr 25 EHFe§NHE§8ﬁ935i tion wherein an
epoxy resin (A) ang:aseld oefesi birabhe ppekyhsocyadnt Fork &8 PproBidar 8n

di spersed in_an aqueous._s stem, , Pere,. t Q:%rgpoomgt.ro%si n (EA)el hgs.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 ionvenid{Hid Tealis0 coalpateédiba’ a nethod of 25 ,forming a filmwhich
compri ses_appl yi g, eytablebesin coNPoR LhaN LOsa1 FUBRI A& fi0l | owed by
topcoating. 30 35 sai Curabl B résin co 0Sitlon i S an aqueous system
cur abl e resinelmssdianass. reaild AYLedIR FRtUridbPe PEYEPMS cOfffe ti on
i's prepared fdist, helOokpogpPkeeahi QR)tRathet substraie &yox§ Jideeapoxy
mvent | oh | SGHAS SPeiat SHOTY SERLTRD Gy S YRR L Rolt os iy Y URT O
conpri s&8 api%yitrgSaledr abte indsinreyoRPesiiti anSedlaerybst fiatd e feploxawed by
topcoating, y2aiith. 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 resin 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 app;ying a curable resin

composition to a substrate, followed by topcoating.

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



curabl e resin conposition being the aqueous system 2 31 Cgf pbRbelS8b3
curabl e resin conposition nentioned above. Here, a coating conposition
used for topcoating nay be a polyurea resin conposition. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Aqueous system curable resin conp, sjQti_on
The aqueous system curable resin conposition of the present invention
conprises (A) an epoxy resin and (B) a self-emulsifiable polyisocyanate
resin, both di ed in.an_10 ag s syst.em_ Fr n1t e viewpoi nt of. film
f or ni ng ablllfé'ang Feﬁﬁﬁeco%ﬁps%éﬁéhﬂxgﬁi PES DR PHS oc%%%?on 7 St F5 4
formation, sac@repexyioressed (H)r prafenadliing hay ke keasivtwoaepesyngroups
per nDIecuIe caRgodntepAXYy equivalent, on the resin solid basis, of 150 to
15 5,000. Usable as such epoxy resin are, for exanple, reaction products
froma novol ak type phenol resin and epichlorohydrin, reaction products
from a bi sphenol resin (@ET@ILE@qﬁﬁSﬁRﬂﬂﬂi@NBOF EyEeIFYEEﬁEOEplchIorohydr|n,
reaction prodyg m, 8 > n, a bisphenol resin
(e.g. type A type B ydr and reaction products
froma cresol novof &k %ﬁhqq ?ﬁ%&ﬁﬂ C86ﬁ%gﬁnﬁe§hﬂ %&WE@ﬁ%ﬁ%ﬁﬁmﬂ%ﬁﬁPeThe
epoxy resin pApsemy haveniaicsubstigniests al eauspogysieeineacd i (s avhen
said resin lsse%deamlgb&ﬂﬂk %%iﬁ%%[’:?ghgﬁéapé J{e%ofwélggg?gé HPkn

: S. The above

i nclusive of, for exanple allyl; ether group
epoxy resith (AFUARYDeS %Skt f - enuIS|f|abIe epoxy resin. This
sel f-emul sifiable epoythesiiewpsiderdyedlfifommt he ataldts aedbironek SREXY

resin (A) by pgtLoducing at,] 6asl ;e s; p Qﬁdfff’ﬂl% karrﬁm%@ioerg]y 0 LG
Exanpl es are epoxy resins _intranol echa avin i15% ty' As
the hydrophi F?%l%ﬁétsyref%@%lm?Ssapfe&FfiﬁEdquea@xmﬁq%aer@ml@cule

hydrophi li ¢ nehétaressand raoieailenpol yaldhd ere ioxsdeigkehet ONSef 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,



anong others. 35 Fromthe viewpoint of stability in aqueoysqdi;sRession, 3
31 Cctober 2003 the epoxy resin (A) to be contained in the agueous system
curable resin conposition of the present invention is preferably a
self-enul sifiable one as nentioned above, or a non-self- enulsifiable epoxy
resin di spersed in water by enulsification 5 using an emulsifier well
"known in the art. Fromthe viewoint of adhesion tupon application to
substrates,' the self- enulsifiable epoxy resin is nore preferred. Such

sel f- emul si fitABIPREPOXSS FodPh GiXPRGOTFIPREHRERG aReoMSt ¥t BuEuraheom
t he vi ewpoi nt rekiadbhespositrosel f -terallmiddeall] drepox)ioheskNptdferably a

| ntranol ecul agly (hay},0g: & Aoty Aldyleng, le%%e%k%%%n gs 2 oQydiopprlic

noiety is preferre enul si resin’intrano ecularly
havi ng a pol y&RKR}Féhéalpke FPoseFeEdn TP éBaW%%ﬁfﬁnﬁem@k%hfﬂﬁﬁtign
reacting the abang @pexylcesisrwdil anpahyahkiHenetld gotCehel Pidiioint

conventiional ganagh. bdler, sandiflans. sueh (Lhal,oothe poxy, eulval ent Is i

excess. Such epoxy resin nor e species The
pol yal kyl ene gmyéélfir%b#ﬁ)tewx irafisyr 1y Feser peedarrpdt |Sﬂk§1m(§@§f“armng

ot hers, al kyl @m@lgifmbﬁe %wacyaseguhyignaat gl ivelar 197 Qeytﬁﬂ@t@&m and

butylene glyc d ol eth Ie e cols dieth
triethyl ene g?y%o%ﬁ & p&fyprgpy 8 gry08FQf eFHiixﬁég?%% ﬁ?xyrESln
polynerlZHllohnbfa@DlQDQIﬁrM£f@ﬁﬁﬁ@T@l?plgﬁéﬂééeoé sutde epoxetrasias a

|ntranDIeculaﬁyarogﬁﬁﬁgyh@giggpq@ygkgyggggdox|de sk&%etﬁn t here Fay be
jch are reaction

mentioned, for exa "WEX g g

products froma bi o¢ATHES alFég ﬁehﬁﬁ?ﬁﬁ B6S L7 I el a e 2T el et on
and epi chl or ohyding,a grud YAMRK-8h@00xidki chelstan ceaaché qrrguaodudct forom an
0--cresol novgk%fap%yppgmlﬁ %h@ g@&lvé%p%mycpégimmw U(aé)esﬁ%v%ts of

Toht o ReS|n Kako 2 The sel f - enu | e pOl yI'socyanate_resin

cont ai ned3 n ?%%‘&hdéb&ges9§PEﬁ?E{ﬁ%ﬂﬂe@%ﬁﬁﬁﬁwqﬁgﬁﬁogPP?bﬁlQﬁs such that

the epoxy equivalent is in excess. 3Such 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



the present invention is not particularly restricted but,af
viewpoint of filmformng ability and adhesion to topcoaf?!gge%?;%Q?3
preferably one having at |east two isocyanato groups per 4 31 Cctober 2003
nol ecul e and an i socyanate equivalent, on the resin solid basis, of 170 to
700_ The above self-enul sifiable polyisocyanate resin (B) can be prepared,
for exanple, by reacting an isocyanato-containing 5 conmpound with a

conmpound havi n ilic i react. i t .
i socyanate gr0%8%?nM?%gQ%%%tgﬁ??g%%¥t%g%€§$%18&5é?gbghggﬁggﬁgﬂgﬁaP??éﬁ’the
i socyanat e equPValéfttPs’?h- excess. As the isocyanato-containing conpound,

tlherﬁ may sloeci ficathy ab@vﬁ&i}ﬁiﬂ@@]@]%a%@%;&ﬂml mcdjﬂatﬁxa@pize (,t_s@dcan

al i phati c pol yj.sacyanate uc .0 vl ene. _di i socyanat e and.
o 1 anbs hy PR RS, Tne AR B HATRL B RIE ot L BR Y A i fling

i sophor oned? i seepaPaRe W\WHd shyerpgenst bdvioy yd divsrg¢bhdddganai esy campble
aromati c  pol ybsa@haraheSyitUC bhas sdcdahalkl iripdi b 86 i@ %.i om0 Neh nrkd:
others. As the cg ound Q9vin quﬂgqﬁg&h%%ic.nniet% gapable of reacting
with the i socyRlate Pl Therd fhy K¥pedi'fi ¢5PFYBREE ngRtt Ghed s uch 10

pol yal kyl ene geéycets. adsmihei anedyaboete-fontabh g gremreunite épexy mesi n. 20

As the self-emybstiiable pUyinemidprie pbesiBotBinifebe soontaigiad in the
aqueous system curable resin conposition o thengresent I nvention, there
may furthet® be? hiritd e it SOM@E ST 58 ABnbneriexamethylene

i socyanat o- - codii &s i yeh aacEouhd , &8s t etatiedhgtleabod 2] s @c wh e ,0ra Hirdyan.c

thereof or and,inose,derimed o5 by om %pbﬁBEéﬁﬂQ?ig?'ég%ﬂM &fpr epol ymer

prepared by reacting "a substoichionetri¢c anmoun an
i socyanat o- cont $EFRIRP2 (s ud €8s REAEPEHBR2 EBBv 2R tH A&drfpound havi ng

an active hydsepeinsaonina trisnguetmpeuld 4-eat i vee v 1 tsddyearsecyanabag
group. 30 jfromthe viewpoint of adhesion in the step of applying a

t opcoating conposition followng the filmformation_ using the
As the compolnd 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
atopcoatinqcompositionfollowingthefilmformationusingthe
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



aqueous system curable resin conposition of the present igwlvg%g&rbogt:,’he
sel f-enul sifiable polyisocyanate resin (B) to be contained in sald resin
conposition is preferably one having 35 an aliphatic polyisocyanate

skel et on. Anong exanpl es thereof 5 31 October 2003 which are comrercially
avai l abl e, there may be nentioned "Aquanate 200" and "Aquanate 210"
(products of Nippon Polyurethane Industry). The equivalent ratio of the

i socyanate equjvalent, on the .5 resin solid basis, of the above

sel f-enul sifi ‘é{bl“é POF YT IBRGaHA E Y iar @%)let'ot RECePBXYPR VAR on the
resin solid baguspabé 20& aboVe fepmontre@iln”( Aprodut be afjuenisorsyst em

curabl e resinpgpiRPsSiLieLn Biqd resent invention is not particularly
restricted but ngig %e not :f)rtess t }gn 0. 7. Wien said 10 equivalent ratio is

| ess-than 0.7, the B9 8614 Vet ehhe Fiesehihe ifaauans et L et .obh dibveed,
as the case maysbe.sdrombdeis vicgmpbienbbofreadbesi onul o Sidstd ates, it is

preferably O. : ref erahbly . he _vi.ewpoi nt of
wat er di sper sg%%ﬁsté;c&aﬁsl{% ?grgrlngngé) ?’g %1%? %p%;%yg%%“?\‘grfk)‘{fb%’l Pfly{:h? ﬁéasal&ueous
syst em cur abl }+ESHR S 16onpbSilta BRCHE APRE YpF @3kt (A) nve dticopdpe e e satsitgthas a

coating sol i cucamtenteafn Zibngp@sﬁ(&%)byomtﬁétpréi\erCtaSiQﬁ(émﬂb% tike ne@at i ng
L oerTt kA SE D200 B By R 0] pea g S a0
wei ght, tife vRAWYvafissgersithiol i6yleard thaor Rabi | they efdpcliece dde passehé case
T et on oA AT S5 P SR SShechef N R
ol T-emil st 11 G B Pl PLogaana B 3 A o ohe 3B bY RSB to
addi tives as bryamiarseinedereblyuif Gctants?- antifoanmi ng agents, flane
retardants, plastiGira@l the Wetmoi6el OF wBtOMRMshekibliei sy, [ANG] EhiRsng
bacteri C|1ges, bjg'g.tl om@ar&t S, g.é}r.gw o] et abseorbeys Sand | i ghgj st ab!SI_ | zers,
as necessary t]?’h@ qUBE(E ey &t Em LT BT FES i TWSEEHp ST ePYR BPSLhe
composltion 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



present invention can be prepared by m xing together the ?&ﬁy resin
(A), self-emulsifiable polyisocyanate resin (B) and ot hegs‘Plantg’P%r rents.

When, on that occasion, the epoxy resin (A) is not self-emulsifiable, its
di spersion in water is preferably 35 effected by using an enulsifier, for
instance. This enulsifier 6 31 October 2003 inproves the stability of the
di spersion and therefore can effectively be used al so when the above epoxy

resin. (A is sel f - emul si m t he V|e oi.n t orage
stability, themgﬁﬂe%ﬁsth% %@%?%ﬁf@hrgﬁﬁge % PR E5MB8s P?ohhﬁfe?ﬂﬁeﬁ%@%ent
invention is effefeinably hsadeds atlhe wherathedhawr: comanerts isysfiem.s nanel y

the conponent seakecil Ps £ SoRarAlLl y and m xed together just prior to
application. Fromthe viewpoint of applicability and _adhesion, the tine

period referred to BYPT HE ORGP IpFF8ra9g0S FRP AhPFY cat i rayeous
pr ef er abl y& abeuys t&m hourah 1 dVietelsad obmpos it hgn ao f idhm Pheseethodveftienag a

fi1maccor di ngri e ths prssents iy saLianicamid Scl%gnp%%&&e 3g<Rofilt Al oS! 1

conposition to 15 substrates, wherein the curab resin c osition i's the
above- ment i onERe FfMRANESPs fER & bP 5T & FRATH Lomsas RitsRd t%%t%‘é‘ﬂbs;ﬂsd% e to
be used for theidi |t fophiage et hodrofe tktehslpwesent ohveptlieabi$in@tand

partioul arly LeeLtidledniulinspeeibhcalior i gﬁﬁltﬁ@}:g{] fo o TRELAL 8 ates

and like 20 building materials, iron or

others. % %° j%RH%ﬂQﬂE%OHHOWév@Fef?éaﬁbﬁl9b?% e Pidess t o por ous naterlals
such as concrete, nortar, slates and the |ike. The curable resin
conposition t e us 'n .he fil.m_formng nethod of the present invention
is the above-Te ystem curabl e resin conposition
conprising the abovéeepetrofesfnfonpingde t helmbyvee mhlng divultdief palglsent

pol yi socyanat gnvdrasidh @Bhprh@e@aapﬁlybﬁ@eat@@ra@pyQnﬁﬂMﬁQﬁﬁmﬁﬁﬁkﬁ%hC%Bab|e
resin posi hian i.s nof the.so.called one- co nponent ten1but %he 30
so- calleg'tmo ConpSHERY SVSESHY FRnT Chat e ove ep iV%ré§qﬁ
above mentloned 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



(A), the above self-emulsifiable polyisocyanate resin (B)31 @Bdpe®dr are
separated from each other, the aqueous systemcurable resin conmposition is
prepared by m xi ng up t hese prior to application to such substrates as
menti oned above. The mi xing 35 ratio between the epoxy resin (A) and
self-emul sifiable 7 31 Cctober 2003 pol yi socyanate resin (B) can be

sel ected based on the equivalent ratio nentioned above in relation to the

aqueous system curabl e sin co Siti f mxing i s pot
Dot oul ar Ty POyt PCERRREE CF ! (oS A5 STRET A bOST HE OB LRt T3S 5
stirring and wiakiingrard] ingresugho ve dinané tal Lore &nstias aBluspes s vaaten ¢tineainhe

conpri sing rra%@hhycéﬁqsasgwgmand«fﬁbxan@gw@5\9 o SRR UlsAno@r ph Pes dik K1 Jrom
t he V|evvp0|nt of om)genelty t he net hod coO I’ISIng stlrrln and mX|ng

usi ng mechani E5F thEahedi Rut piegldtdesy. déri et ﬁ%ea‘b‘b‘}‘ﬁ’@aﬁf}?ﬁy and
adhesi on, %hespértodg drrddmiriring uy ehchhescdboviecaiaerhalss basphe, tdme of

appl i cati on ItﬁeFHr%f 8?&?h¥sﬂp<9ﬁtan21ali99rssbllflq g&%{}%ﬁng ?P;{(ﬂgt%;ﬁove {4 he

filmform ng nmetho nventi on a requited anount

aqueous syst efif chRablEk¢ eS|Fﬁ°m1§h80Ff]58§’P?F’6F| ?E BYMPIEE Y s ihst Feteedusi ng
a brush, r oI | eomp 8ps Ay@rs i ritiey larke mdnd ndr vedngwhecrbyi@a I ihdarcan pe

obt ai ned n% gféyﬁg&rat es. The time required for dry. to touch, i.e.
tack-free ti I's hardly influenced by the application environnent and

ot her fact®rs, and ¢a&n ingp thg 3pPH A#PeLLLY 2009 gdhpAspancEre MEHed of
formng nmulti tameﬁnlﬁcilln@suﬂ'b@ iV} hbbayecraﬂ‘drlmlfsotmtm@ feidod Hpitihe fesent

i nvention co I’I ses alpﬁ)]yl n a Cl+l’ % re%| n nPgrSl(I:él on to 25 substrates

and then further app? Vi ngy opcoa éorrpos i on, Wherein the curable
resin conposition ik precsbedagnen @?Jrérdfoaqa@@use@ysi e the dslventdoing

conposi tion. Asrédeisdhdriaigs orartet RBokBt Bqde@us a@péfyérmg:dz%l%q&%@.ua

system cglrsabl e ng()ssl& corrp05|t| Qn thergt ﬁStraE N %/n be Fhent |honed hose

nenti one CHR Al &5 PEH R ot Rdd" o™ ot 4 O T
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.



The topcoating conposition to be used in the step of topyp@abggﬁkm%the
above method may be, for exanple, a polyurea resin conposition,

pol yur et hane/ urea resin conposition, a polyurethane resin conp05|t|on, an
epoxy resin conposition or 35 the |ike. A polyurea resin conposition is
suited for use. 8 31 October 2003 Specifically, the polyurea resin
conposition is, for exanple, one conprising an am ne- terninated

pol yoxyal kyl e I, terni chain . xtendln ent a d a
pol yi socyanat g%%% )ﬁg&?é‘i Pl es o%rgl 150 y%’?lléacorm sc’lSl cOhpb3i t o nHATeh are 5
comrerci al | y &7&i FabPeisiheran @ﬁlym@etﬁéﬁf—ﬂ@h%@"pnﬂugﬁh(g@ékd’lmaﬁolawdlne,

" Toughguar d RaR" afbeé hedxmaduat @haﬁnl\&ﬂammﬂaj Rlgen taiRA% potheLscydhsr &et hod
of applying the above topcgat nﬁ £p05|t|on. I'S not p rtlcu% rly

Pestricted bufa REREAEAr§! aRBGR oIV IRE: 0 tbpo0RPRg EBrBaTE 1 R

enpl oyed can l@@mappmééllbyavanyla@éﬁhdﬂl@d@q&ﬂbe gyt itche dctipogiguaoml R-Wien

the pol yurea ggai RT608hA9rd CRIPOS|RG O pfRAIHISLANGEppbs HSEGy) I hendres hod
conpri sing gFgélng conmponents whil e causing collision and m Xxing thereof

usi ng a high Stre two liquid collision mxing type sprayer 15 or the
met hod conpri si ng spreadithgpd hé zrmlosid ithe alsong @pdordiel osmspattday for

i nstance, can;benselgotd val s .anpleked ; -2eqopdl ng ﬁé?:ets@%r?(pgﬁbﬁﬁtoéfrtq‘% n
The appllcatlon of the above topcoating conmposition can "be carried out
after drytthg BPPF‘H‘ét%‘&?f%‘éDQ%}&D”oF“‘PﬂQYF Al ren Joe GPdilfedPBy2Rhare thod

above- nent i onedeflué e flormithg cmeigdosd.t i0Om .t h@hewab@aspohyurtda ireshatcad viays

necessary that.h 85%@9% ffggn EEF%QHQQ iset, Ehetﬂéyﬁgﬁhéﬁ %Jﬁ?ﬁ?ﬁi %§

| ayer can be confirned tou Wit a qéi ®%£ i nar

t enperat ure o?pr?-%%fé‘éd:OH‘P?Pﬁ&tﬁdﬂF REUapPFi 111§ﬁ0@| naxppgtihenpat
fil Irn 25 An adeq;u@tahdgwmgastsame eadb biaqsiel eagedsdeﬂmddlm@h@ppé f@rayler
applicati enyi r Qi hesi on, the 1nterva
bet ween the g%p i ca %l}locgfcoﬂ? %bl\ﬁ\?e%%qﬁggﬁg Sys eFT Rt Jb‘ie T &SI
conposi tion t brevelst sirddad Che Hpprireg mnobet heleoptoaty regployed

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



30 conposition in the process of multilayer filmformti Ic:)?I ﬁgrrﬂjogg to
the present invention may be generally at nost 7 days. Fromthe Vviewoint
of shortening thetermternof construct about 1 to 2 hours, for instance,
maybe sel ected as the interval. The time required for obtaining sufficient
filmquality 35 using the nultilayer filmform ng nmethod of the invention
is 9 31 Cctober 2003 about 16 hours after topcoating when the above

pol yur ea resin tlon i.s used as t.he topcoatin for |nstance The
agueous syst e el gg? FeS ﬁ%Srrp%%p(f?aotnm(% ?‘%Q 9% pﬁj SEnPOEVERR DR iR
contai ns the €pBrysiespn {P)useheasdife dppcsiatiiabl efpol ynsbeyamat e resin

(B) and water and, therefore, is excellent in filmformng ability. In
particul ar, even i g, a | ow t enper at ure gehg. SOC#?M hi ghhum dity ( . 100%
Pel ative  hum di ty) BmATHIENEYTRE FAEEPOF FRFITTSTRITE 1 Lohich Hifl ¢ he

10 tack-free preeent Shoentiamdartteifisl mhst epngihreatheshbn tlhoe salbfstrates,
and adhesi on éﬁulB@fiQ@P@ﬁBlXBSGéﬁnme 2BRLhGahi oty wfep a%%pcﬁﬁfék@ore,

conposi tion can be secured. Although the nechan|sns of these effects dre
unknown, t heyS aP e ERmaBl ¥1 bR ofIEd e Pah L Epr &}bﬁéﬁﬁlFHléahe%V%% s 15
br ought aboutatlyo»qttlmn@aﬂzs:tu:&t e bei 8OC) opreEghat i th (he. am@&yrélééﬁdlme

contained in mﬁlégﬁgplémmmgg%ur@@ Pal €Y EOMMARIYN: 5 o gthhsngf%sent

i nventi on and on t ot her an I npr ovenent
ability of° t he2FkT Fretirfidice H%félrortasaaﬁioﬁaﬁt Efhbsus tsngHe mc@wsrwt@g
reacti on of thebsetrdtdd enul sii¢addre tpotlyd $py-aaat &n l@SleNo anhp IfiWddien by

an - inprovenment éntc%j@oeasd Cg’“'%%%&ggﬁ ﬁgn br ou &ht about by the

ur et hane bond and/ or” uUrea bon ?m?orm ng met hod of the
present invention, Aiteghusdse rgehapbees n%fltmﬁﬁefd effirstiss ag\es vavrnownabl e

resin 25 Corfpta$¢3tvla&lh pﬁak@ﬁably r}ﬁtdﬂ@fa@d”B?%ﬁ&ﬁdbﬂo@eﬁi@ﬂltf Yn 't awirdd] RG
envi ron %I n % ﬁont r.ol qluate envir a certain

. bstrateq) i mpr nnen&%ﬁ%ﬁe e
period o t| rre ex en |nd’ uc i 1 306 cost” Wﬁ-‘% ROtHe
prior art. h{%ﬁlrf @pnéiangli én the ﬁrﬁue@us §tY§l§IGEl qn@bﬁeghequalqomyaocsamlbe

provided in ashald Pe&¥d® Ghvention 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,
which is usual in the prior art. Thus, for example, films of
stable and high quality can be provided in a short period 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



30 tinme even in a | ow tenperature environnent (e.g. 5 90 i gh
hum dity environnment (e.g. 100%relative humdity) , for 39%2?3%3563
Further, when a topcoating conposition is provided on the filmformed by
the filmform ng nethodof the present invention, 35 the tine until
application of a topcoating conposition can be 10 31 October 2003 shortened
since the tack-free tinme is very short with the above aqueous system
curable resin conposition. In particular when a urea resin conposition is
used for topcodtdmgnedheiwor KhegtatknEreoatibe furvehgrshedugedharnt: above

mul tilayer fildgeRfusStabtenantabili 98sgHadddosGan e OPB%MdﬂﬁbQ%nlﬁ

hours foll ow ng g plication of the urea reS|n conposition. Since
aqueous syst erfl CGFEbFES I RsTHRGHIIAT il6nUsEdt FRE irRRat i iy dhis 8HK§FV€S
filnms of exceldiewt cgquadd fturtherisedlcal apdssibt 214 wense iegad £d; talkiliechas

W thout 't 0Beogtishgey 0 BESTACCE AE, GARRYNGI QU THELLNVENTL G, g e 1

Agueous system cur abl ositiron 1 WEX-5001 2 wei ght parts pr oduct
of Tohto Re5|ﬂHR&&6atbP§pﬁ nbhe AESh e LPdkFFesist EirRgvi ng a pol yal kyl ene
oxi de skeleton; r eSBE]nS@hh@-dD@.S@ﬂleBQX}Zemﬁtqma‘bmeEﬂésﬁ3@ombGStLEJ_§Q|df_dthe

B hone "R Jn (AHANAL 6,200, O mhMBL A - PRILR. (L7 et s O o PPOT

Polyurethane ustr yi Soc ana fesin haV|ng an
al i phatic poIFP§6é?éﬁaF@ %ﬁ%l%ﬁ%ﬁﬁdrﬁﬁﬁk¢¥ﬁﬂiW&IB§§§dtP§§@?§h39e equi val ent
347; resimo solid content 100% by wei ght) Water 27.1 weight parts 25 The

above materials were m %q h@%Et?Sﬁ @%ﬁRQfﬁbr%ﬁ%L¥§§ fﬁgﬁ&%ﬂﬁged at 1, 000

rpmfor 5 mnutes using a't M xer 1o gl ve an aqueous
systen1curab|éﬁﬁ@§iﬁmkonﬁ@§ﬁﬁpén5ISFﬁm Qh¥%%l¢kﬁpmﬁﬂﬁkikﬂh rlesi n sol i d- based
i socyanate equivalent to resin solid-based epoxy equivalent was 1.0 and
the solid CO”%EQ£50§9 was 30% by wei ght. 20.0 weight parts
15 {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



JI'S mortar pieces, 70 x 70 x20 mmin size, ground beforehand g si de
using a disk sander and stored under environnmental conditions of C and
85% (relative humdity; hereinafter, "RH"), 25 C and 85% RH, or 25 and
100% RH were 35 used (two pieces for each set of environnmental conditions;
a 11 31 Cctober 2003 total of 6 pieces)- The aqueous system curable resin
conposition 1 obtained as mentioned above (each 0.5 g) was applied to the
ground face of each piece using a brush to give a test specinmen. The test
speci mens t hu$O5BtaPhel RePECSt or 5 AYEONSURYEFCRNEUERP k@ sptidi ng
respective setco&boelubannre@madam@@rwhtmérnslon'EhE aeste sagghrrens cy\ﬁrsﬁaé aken

out one by on e 0 1 haur 16 ho and 10
g of "Toughg%gf%g ﬁ&G&B l}hro hg@ﬁ @%gr&ugé réle%eolu\?éﬁg ?reeu po yuqJEa
resin conposi fi 6‘?\§t\ﬁé?§cécl5‘|§pl edTh® t@é@hséﬁﬁ@%@s FOUS obta e d pareds witdt t he
aqueous syst em;auﬁahh@ef @3ileNcEPAPOHShiid Dy u@s@@ctavépﬁ@wlo&geﬁﬁpﬁéﬁﬁé&aflor
excl usive use, g}:?%g by[.h%nete day stggﬂggg #Qrer t.he reg

envi ronnent al “GondrtT ons to give  tBst Speci Hehs Forragh PBﬁ 'f’%scfl?‘?'lgs.o 15
Exanpl e 2 Aquébas 'é‘?/%tlé‘rﬁecﬂi’ragcblaéloidéi‘xﬁﬁ 6@ p dsiuri Qﬁ 6 WR05002n2010 gvefght

parts (pr Oduetoﬁéha@ﬁli@ Rasi n ﬂi&l@ctblosfphﬁ%bnAPh)iHE eg@wex{@SMbe having a
pol yal kyl ene el et.on; resin solid asegéﬁg |valent 710;

resin solid CBH;L%H{E%@%SB? RSt loﬂdu‘?ﬁita@p ﬁ‘% EBGPIRO T Hisoduct
of N pponl®Pol gareehaiidhl hUasatqtgeoweSYSEemlcsxrralbalal Jee@nh yospogahabde urse131gn

having an al i ah bg lrp@'éﬂéﬁ%@t@rs@cqheavermn ﬁ?iiéi« Sogﬂaf nate

25 equi val ent ; resin solid content 10

parts An aqued % %%t”é’rﬂe(,ruFﬁﬁl%aer@ﬁtﬁV@oﬁﬁHéF?%ﬁn aWGPIﬁ‘détllafIFoto @‘flvleem n
sol i d-based i besyasmteineygs Valrerdhes ivesitrssdhiyd- based 30 epoxy equi val ent
of 2.0 and a solid content of 30% by weight - was prepared in the sane

manner as in Exanple 1 except that the above materials were used.
Thereafté?i t@%ﬁégkﬁm%nEﬁgu ﬂﬂst%%ﬁtem 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
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31 October 2
speci nens for adhesion testing were obtained in the sane manner o OO|3n

Exanple 1. 35 12 31 Cctober 2003 Exanpl e 3 Agueous system curable resin
conposition 3 An aqueous system curable resin conposition 3 with a ratio
of resin solid-based isocyanate equivalent to resin solid-based epoxy
equi valent of 1.0 and a solid content of 30%5 by weight was prepared in
the same manner as in Exanple 2 except that "Aquanate 200" was used in an
anount of 4. 9Ewenght Par tstueand watséen guaRbdrount iof c@dpds veight3 parts.

Thereafter, test speg] nRRS.RRd sty%%tems eg?hﬂ?@%é@fn @ﬂfap%sci%ﬂo?ls@ ﬂ?tﬁ\’ecrl e

obtained in the same manner as, in anpl e 10 Conparative Exa
Aqueous systeﬁ?&&?aﬁfer?%%ﬁ‘nsokb‘ﬁp%%?‘?‘?o’rFQFif@rPaaFc?u@&H‘%V§§/§f1EnF€uF%%+% resin
conpositi on 4sW|ltih -Bassatdmm:of eresivalsokicf havednd socpanat e epritvalrends t o

resin is'g Erep;g%etdwggqs% epea%av%eﬂ{e of 0 ma%%@aél%ogkgmxﬁpgbe& %t 30%

by wei ght was é same manner as in
"Aquanat e 200€h{ks AEENaEe #P0Anbaft Leed 2y a\R)ePBHtmEa‘?E 4. 9aH§lﬁhFeEPalftFﬁ an
amount of 20. inweighdr paris .anbiereaft 24, am@stghtsp@ﬁtmnsrl@mdatfeét: stpeed mens

for adhesionégéew (8 bl aLned n20cl A he, Sa, TRODEL a3 L ExARLe 1

Conpar ative queous System curabl e resin corrpo ition
wei ght parts bt %Wﬁ(rﬁ?%lﬁﬁ igf Egagwilgnt - 25 Japan; nodifi ed
al i phati gggam ne resin; resin solid- based am ne equi vaI ent 160; resin solid

content 80% by wei t.vi | i eu of € &e $.9 Aquanat e 200" and
usi-ng wat er I%Q%‘%%%Tﬁ&xtﬁm#%. %W? %%r?% an é‘(ﬁ?}é’&ﬁs *§ystem curabl e
resin conposi¢deppHLWidrh % ratio of resin solid-based am ne equivalent 30
to resin solid-basednepguyogguiyatent ce@fadle Oradth Q:o?@stqt(i%Bt antyitAf 2a30%
by wei ght was aptredaarfeq:eISQI} g%l%%q%ag%gn.elrsogfralngte e&rlplvalent to 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
2. Thereafter, test specinens and test specinens for adhesion testing were
obtained in the same manner as in Exanple 1. 35 <Evaluation tests> 13 31
Oct ober 2003 The test specinens prepared in Exanple 1 to 3 and Conparative
Exanple 1 and 2 were stored under the respective conditions, and each
coated surface was touched with a finger 5 at tinmed intervals and whet her
the fingerprint remai ned or not was checked by the eye. The tine required
for the flngeﬂpﬂknﬁxﬁﬁoﬁbetno nore observed was taken as the tack-free tine

and, when said ti ”@ha\é\’a§e¥\tté‘§>@c§ﬂér{§ ;e_:tite%y%,rebh%nr @q'aunb@ee@t ebnsth &
respect _ was regard d as_satisfie ge eval uation results are s 10
in Table 1. AGREERGATLEEFHyEHe 1té‘§’1d pEef FehiL ¥t UadiedsitoR F§§P?ﬁ51'é§

obtained in Exadptésng, tand cantt Coaped aunfedexaapl esudh@ndvizhvar €inger
eval uat ed 5 15,£0f s, aheglan sk A ierken t(ﬁé"fl%g B?ﬁﬁ%eﬁlt%;x{‘es OEU,Er%Q

type adhesion tester. he eval uation results are
eval uation crVEBrFREHEEE DT RS9 ns: The NBte ARIRi RedUrr Ahe| hirgerpeint
fracture of the taaquemm:esysserwecﬂlmhl eak@sian ti2d teanpdsieti OitneXand, when

Mor t ar / aqueoug, sy $L&M GAL %?Lcﬂ rT;] Oug ﬁ@f@?skhé%cﬂ 'ﬂ@a&f £ ﬁ%@%s S ‘T abI .

curabl e restn conpositi on uard antna
1] Ex. 1Ex. 2¥%&S eﬁﬁaﬁ%tﬁpﬁzseﬁﬂhgﬁ 9 1 Iim

85%RHO00Q@¢ O00DAAr at?be ]ClO m n10 m n10 m n15 mn6 hr 4J,. 85% RHOO0QX

Ad] i : ,
The test specimens for adhesion testing as obtained 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



_000A0 0 4325 C, 15 minl5 minl5 min20 min> 16 hr . - 1000000 &¥BooLax

Upper row. Tack-free tinme. Mddle row Adhesion of the test specinen for
adhesion 14 31 Cctober 2003 testing when the interval was 1 hour. Lower
row. Adhesion of the test specinmen for adhesion testing when the interval
was 16 hours. RH Relative humdity 5 In Exanples 1 to 3 in which the
agueous system curable resin conposition of the present invention was
used, as is evident frontFabiesvhemethacikaterelt iwas waboshert even in a
| ow tenper at urg, o Hiogh Ruldiby wer khooegoyi LOnmBENt, and. .eyen 10 when the
interval between the application ﬁ? the aqueo%§g5y§%é??mbﬁpagﬁéopesin
conposition to the substtattingdvihiére Qpplicadianl wafs tikehbapeoati ng
conposi tion was, .1 Q u%ivghﬁ adgeéion to the substrate was good. In
Conpar ati ve Exanple I or 2. Howevér, even when the interval until
topcoati ngswas 16 hours, the 15 adhesion to the substrate was poor. t 15 31
Oct ober 2003 CLAINBInlEX§\ éhgg of forniF? guLtiIa er filnms which
conprises applying a cura [ orrpo n ; y
i lyin "% &5i1? ComBolPEFBntEd IEURAS FAFETT GRFRER b
topcoating, whiésennceapdstbiab|@f rids: rororpusiinivemtiionanas agsedusasyss em
curabl e resi NeGQABASH Fi&M F4bMNIICh 3R REXY FrE8SEnd %)asagﬂoét even in a
self-enuIS|f|§bIe€PoI |%p%yanate reﬁln_&BL are disperse
Ow témperature or high humidity working environment and, even
10  when the interval between the application of the agueous 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.
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2. The nmethod of formng nultilayer filns according to GBAiorﬁti?er\%qg?ei n a
coating conposition used for topcoating is a polyurea resin conposition.

3. Anethod of formng nultilayer films according to Caim1l or 2, wherein
said epoxy resin (A has at |east two epoxy groups per nolecule and an
epoxy equivalent, on the resin sol¢ghpasis, of 150 to 5,000. 4. A nethod
of formng nultilayer filnms according to Caim1l to 3, wherein said epoxy
resin (A is a gsel faA manHogl birabbeniepoxylt £k yerS.fiAmaetiioth afombet séag

[til fil, dj to ., f i 1 to 4, wh i id
sr,rgl fI—e?rﬁlearsl?ﬁll!yé“gfpe%c%gllrrfl’lk’g%c§/§5rfaqa2&f“%§’is%?@mﬁ%sa gﬁu%sftirﬁhgag : rc}ogolf”’;‘/“?%ocyanat e

skel et on.by6. téparetthod , ofwheaetmnganul tculkalybs tebim accpsditignt ois amy of

Claims 1 tg 5, vvhereti n said ﬁel f-emul sifiable. ol.¥li sqcyanat e resin (B) has
uneous svys e%n curablé resin (fOI'ﬂéDOSl 10 1 .WN1I'C al’f ego%ﬁr
at least % |socyyana 0 groups per nolecul’e and an isocyanat e equival ent,

on the resiqinsdl)danBagi s¢lofenliZifpalyl30.polyidonmetimoet afesfior iBhgaral til ayer
film according o any of Caims 1 to 6, wherein the ratio of the

i socyanate “equivalent, on the resin solid basis, of said self-

enul sifiable polyisocyanate resin (B) to the epoxy equivalent, 16 31

Oct ober 2003 on the resin solid basis, of said epoxy resin (A) is-not -l ess
than 0.7. 8. A riet Btk ofethodniPhiginurind aydtitavems Bidesr dicsgreong awy of

Aainms 14106 Wheheiihhe SUBSI{AL&ML8sPE: 45 ek e N8 B POg, Of s f or mi ng
multilayer filnms is porous material. 9. A nethod of formng nultilayer
filne accomdilngred T weBPOMMEYEI-n the porous material is concrete,
nortar or slates. 10. An aqueous system curable resin conposition,
wherein the aqueous system curable resin conposition is used for the

met hod of form ng mul fi@yerof i FoEnaRC AW AItAdal0rany18f 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,

16
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claims 1 to 9. 17 31 Cctober 2003 Aqueous system curable resin conposition

and nethod of formng a filmor nu.ltilayer filnms using sane Abstract To
provi de an aqueous system curable resin conposition excellent in film
formng ability in a |low tenperature and/or 5 high humdity environnment, in
adhesion to substrates and in adhesion to topcoats when topcoating is
carried out, as well as a nethod of formng a filmor nultilayer filns
using the conp8sithoresin aRLES IR Eyst 8 et AR ¥eEF it dApodPt PO,

wherein anesslQrepoyyrresin (A) and a self-emnulsifiable polyisocyanate resin
(B) are dispersed in an aqueous system A nethod of formng a film by
applying a curable resin conposition to substrates, wherein the curable
resin conpositgon ismbhged@beyeraauaaysmsystiepeeurabhe tesbadilkid to
conposition. Further, a nmethod of forming nultilayer filns b PR, ing a
curabl e r¥S PicSHBORFti ot UFSErat bae &‘rlmtaﬁéa by Hppreye néor ]?%pcoati ng
conposi t igdshashereEdribiiey aunabl eysesiinmeonposstdienmatsridie above aqueous
system curabl e resin conposition. 18

9. A method of forming multilayer films according to
Claim 8, wherein the porous material is concrete, mortar or

slates.

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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