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The present invention relates to: a radiation curable aqueous coati
conposi tion having excellent solvent resistance and excellent adhesion to
the surface of a netal 10 material; a coated netal material with a cured
coating filmof the coating conposition,jwhich has excellent adhesion to the
surface of a netal material and excellent adhesion to the surface of a netal
material after severe working, and gxeekigptpgol vent resistance; and a

manuf acturing nethod 15 therefor. BACKGROUND ART To nodify the surface of
nmetal materials, for exanple, a plated steel sheet, a steel sheet is treated
with various 20 coating conpositions and surface treating chem cals. The

obj ect of t I | St V, i | eqy
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resi stance, and the rti r i il inhg an organic
resin on the surfac@ﬁggﬁggg”azgﬁ%g¥£g%%&$£8%£§GP%%¥§g§e¥ﬁﬁa%k¥§h t he et al
naterigl is worked after being subjected to a surface treatnent, a soft
organit resin 11 JAN 2006 2 having good workability is often used to inpart
appropriate workability. Wen using such a soft organic resin, it

frequently becones difficult to i QQN£ﬁ%be$¥$%§ such as surface hardness,
sol vent resistance, and wear resistance, 5 Also, treatnents for formng an

i nor gani ¢ coat ilM§ MIFHENT okneXakpPe, ralehednkPe t3 et feAt L1aRdCAFARLE
phosphating treatnent, are commonly conducted. These treatnents inpart good
COr r 0si on2FAESIOEa e taiy soPiept i F el shantBy BufethentwsRABMNL ty is inferior

as conpared with the case of using an 10 organic resin.
' resistance and excellent adhesion to the surface of a metal

10 material; a coated metal material with a cured ccating film of
‘the coating composition, which has excellent adhesion to the
surface of a metal material and excellent adhesion to the
surface of a metal material after severe working, and
excellent solvent resistance; and a manufacturing.method

15 therefor.

BACKGROUND ART

To modify the surface of metal materials, for example, a

plated steel sheet, a steel sheet is treated with wvarious
20 coating compositions and surface treating chemicals.

The object of the treatment is to improve the prevention
of leaving fingerprints, workability, chemical solution
resistance, and corrosion resistance, and these properties are
improved by mainly applying an orgénic resin on the surface of

25 a steel sheet.
For the case in which the metal material is worked after

being subjected to a surface treatment, a soft organic resin



For the case in which the netal material is coated wwth an organic coating
film the organic coating filmlayer is often formed after formng anm jJAN 2006
undercoat |ayer by a chromate treatnent so as to enhance the adhesion

bet ween the nmetal 15 surface and the organic coating filmlayer. However, it
is reported that hexad chronme contained in a chromating agent and a coating
filmis toxic to organisns and is an envigonnental burden, and thus a
treating nmethod is required using a treating agent having low toxicity and a

sl | envihionientala L0 duraem s Wi £h S AR AGESed Neo ChihgiRLe hpealreate

However, it is7dif p a treating agent,” which has lowtoxicity

and a snalwlor%g%iirﬂgying?h{aﬁuru ‘i'ﬂga%qlch""ﬁi %%ﬁa%%(gmg%%?gheﬂon equi val ent

to that for theca e chromate treatnent. for a coating

treatment .25 of t tal sur . j i S. I f 1 rti sufficient
adhesi on cfé‘r%ﬁﬁler%[ﬁbe%%o ma%snedl%%(\é\@efcr}crée,lﬁ%aﬁfﬁaekgﬁg% ggghaléé a coating
| ayer, which _exhibit good adhesion, are ],Cl JAN 2005 3_ _hi ghlﬁé safe, and are
highly SaRFEARY SWF DR 1t FoUt  Ohy ot L4 noRe “SPE ROW.FEAUCEEd. I n the
field of the working of netal materials,, articularly.netal sheets_ such as
Bl i rHm  Coppar Soand HSAT § ik < OGN b LP ERP A fabat  Pie i

sheets have hitherto been worked after applyi n(g a, lubrjcati n%,oi | to the
surface {tREr8FFMPASd & SHIRRMR e gre e iR &t 2pRCoPREPPNYIrAgSa | ubri cati ng
oil only for working, followed by working and further degreasing are

conpl i cat E8Sa§8ento & GARA Lt RTINS r SRS ST FRGN B hel BPRPL of
applying a lubricating oil and the step of degreasing. Therefore

devel opmefPO8f & TE@StioRy r@cﬁﬁﬁm%rﬁ%rsqldﬁﬁmgr%léggaﬁ?c bagathfg film has
been strongly desired which has a surface |lubricating function and a rust
prevent i ngor}éﬁéﬂiléﬁmrma i gt i oh capEbied ofivet tba- Gefecoat LAGNEF 2&not her
coating conposition, and al so has high adhesi on even w t hout being

subj et edor6aaichr6®dte treatment. To obtain a viscosity of the coating
conposition which is suitable for coating, such as coating and printing, a
sol vent 20 typercaae §§scorpodinicdn the metdl radeniah assepebad Hash

an organic coating film, the organic coating film layer is
often formed after forming an undercoat layer by a chromate
treatment so as to enhance the adhesion between the metal

15 surface and the organic coating film layer. However, it is
reported that hexad chrome contained in a.chromating agent and
a coating film is toxic to organisms and is an environmental
burden, and thus a treating method 1s required using a
treating agent having low toxicity and a small environmental

20 burden, which replaces the chromate treatment.

However, it is difficult to develop a treating agent,
which has low toxicity and a small environmental burden and
which can ensure an adhesion equivalent to that for the case
of the chromate treatment. A chemical for a coating treatment

25 of the metal surface which is capable of imparting sufficient
adhesion could not be obtained. Therefore, a treating

chemical and a coating layer, which exhibit good adhesion, are



her et of ore been wi dely used in conventional coating conpositions, coating
agents, and inks. The use of an organic solvent has problens in aspﬁgki @E
safety and health as well as the working environnment. 25 For the ch i

sol vent-free type coating conposition, although a drying step is not

requi red, heating of the coating conposition is sonetinmes required to obtain
a viscosity of the 1 1 JAN 2006 4 coating conposition which is suitable for
coating because the coating viscosity is too high at normal tenperatures.

Furt her nore, en the viscosity, i ower addi_ng r, r.Qhl em
remai ns i# 9%g§efai$ht?%% ﬁ%ﬁoﬂ% hhgmggggtgégequg f%kﬁggﬁgﬁﬁhé*§§ﬁﬁgghd has
an odor, which is simlar_ to the.grgblen1of the solvent type coating

conposi ti di.c2 fovetEC wheH BERHGTE%hi gh- mol ecul ar wei ght ~ binder resin to

i nprove the physical properties of the coating film the ,viscosity of the
coating conpositth dihetbred ¢ otﬂ?gﬂ?r?HBEeBE mEG 2aRPhG e iSpossi bl e to use
such a hi gh-nol ecul ar wei ght binder resin. Therefore, it is difficylt to
obt ai n exd@Atetulgghysieate brdpertfesveh eReddHBLRNG f FORPFo SOV tfese
probl ens, intensive studies and devel opnents about an aqueous coating
conpos? t i GRests Wit lated het ¢ ScdEPEYSof thReMEbatli §§CESFpOSIVE dh to&T e
easily adjusted using water which is safe and nontoxic, have recently been
made. Di s i opIdtedi aSbt bt dBRlving pedihrifadAngqeédusd onddicumuLiSCat t ai ned
by using a dispersant or an enulsifier, or a resin 20 which has a polar
group on &hegiewfor Fideaxhaiheandearsashds solubility or self-dispersibility
in water. The latter self-dispersible or water-soluble resin has guaranteed
conpar atively &Xtceldteans propapplesngHowevericahéng gdilngnad yr ésit Weankiing .a
pol ar. group in a nolecule as a binder 25 resin of the coating conposition,

t he resul fiodd cewat imy Woitling emmld forbeernflegirersingwater coagildtaned, asgd
solvent resistance. 1 1 JAN 7006 5 As a neans which can conpletely solve

t heselprobhemrs itf drs strongly desired to simplify the step of applying a

lubricating oil and the step of degreasing. Therefore,
development of a coating composition for forming an organic
coating film has been strongly desired which has a surface
lubricating function and a rust preventing function or a

15 function capable of wet-on-wet coéting of another coating
composition, and also has high adhesion even without being
subjected to a chromate treatment.

To obtain a viscosity of the coating composition which 1is

suitable for éoating, such as coating and printing, a solvent

20 type coating composition to be diluted with a solvent has
heretofore been widely used in conventional coating
compositions, c¢oating agents, and inks. The use of an organic
solvent has problems in aspects of safety and health as well
as the working environment.

25 For the case of a solvent-free type coating composition,
although a drying stép is not reguired, heating of the coating

composition is sometimes reguired to obtain a viscosity of the



exanpl e, problens about safety and the environnment, while naintaining the
requi red physical properties of the coating film aqueous radiatioP C gﬁ@@e
coating conpositions, coating 5 agents and i nks have been proposed. 3&5 e
Unexam ned Patent Application, First Publication No. Hei 8-259888 proposes
an aqueous di spersion conprising water and radiation curable m crogel
particles dispersed in water. 10 The m cnrogel particles are gel-like
filmform ng polyurethane resin particles having a crosslinked structure

obt ai ned b&’o&‘é?ﬁﬁ' EB%FBQ:LEQ'&AUWHQ@P%SY e8NS ough @oa’é’iﬁ%h%éaﬁggdtﬁé a
urea bond, and the polyurethane resin has a radiation curable ethylenically

unsatur at ed, doyble,bond and 3o 185aity0rauRo The ahgys. publjgati on descr i bes

that the coating™f ng pol yur ane resin particles can contain 1 to

50% of . angtperoagdiali onGuLA & ;canpqund and AN LK ti atotaf gg Lhe

radi ati on curing reacfion therein, at” an aqueous coating®20 fil m having

excel | ent woler.fesistangs and exceld ant galventy, rasi sl anse.cap ps ghtained

by using thesé rali atron curablé "mcrogel particles Tegardless of the

aqueou; coat i Qsi_tian nese EP xam _ned_Pat ent f@@lication Eirst
t S

Lhg .cCcoO . Jap
Publ i c3ti oh d%@ £o. CPEICot811E6 &' 68 %aﬁéeglé%ﬁﬁﬁsf@?on chpabl B of
form ng hi ghly crosslinked. coating fil a radi.ation curabl e aqueous
polyurethgﬁ% g%%iﬂr88iﬁ85P&igﬁepﬁgﬂagg& Aredd g % Priduett*9”1 JAN 2006 6
whi ch is obtained by the chael  additi gn of hydr oxyl , conrpound havi ng an
active hydrogeﬁ&?ﬁeéVEBUbW SBod 0L & NG %ﬁiﬁﬁmﬁ?%ﬁb?w hBrer redth
(met h)acryl oy| groups, . a ol yhydroxy conpound havi ng an acidi¢c. group, and a
5 pol yi soc%n%ﬁ‘%r%‘é ahh?nﬂgyﬁél‘@iblp oB&AhdFENtCT difersldyinG ’ch}r‘gosﬁg?on
havi ng an acr Iogl groug which, 6 is superior, in curabilihy, has
conventioﬁ%ﬁ?%o% br oEethgs CRAAG SOMERSLGHAE S MBI tTom I Hhd JapafeEe
Unexam ned Pat ent . plication, First Publication No. Hei  10-251360 di scl oses

10 that a Bt ibh tUPABFéPaGuEBUE SFoPY G efhatdcopEGHidh "aadithg a

nethacrquyj group i s superior_in adhesion, chem cal
inder resin. Therefore, 1t is difficult

to obtain excellent
physical properties of the coating film.

To solve these problems, intensive studies and
developments about an aqueocus coating composition, in which

15 rthe viscosity of the coating composition can be easily
adjusted using water which is safe and nontoxic, have recently
been made.

Dispersion or dissolution of a resin in an aqueous medium
is attained by using a dispersant or an emulsifier, or a resin

20 which has a polar group on a main or side chain and also has
solubility or self-dispersibility in water.

The latter self-dispersible or water-soluble resin has
guaranteed comparatively excellent properties. However, when
using a resin having a polar group in a molecule as a binder

25 resin of the coating composition, the resulting coating film

tends to be inferior in water resistance and solvent

resistance.



resistance, surface hardness, and yellow ng resistance, and is used in
coating conpositions, coating agents, and inks. Japanese Unexam ned Pﬁ&gﬂk
Application, First Publication 15 No. Hei 10-251361 descri bes that1d ent
adhesi on, excellent solvent resistance, excellent workability, and excellent
coatability can be obtained by m xing radiation curable mcrogel particles
with a radiation curabl e aqueous pol yurethane resin. 20 These radi ation
curabl e aqueous pol yurethane resin conpositions are used in coating _
conpositions, coatingeadentd i crakdr RS hecaUSE Lf1 ddaide fxcetdiednadhesi on
to any of organic naterials (e.g., plastic fi'l s, wood construction _
materials e@g@P@FO{v?f}bysmeag%%tf Qe LS Lt Qn JTRf & d sl angh 2 | nor gani ¢
materials (e.d., netal materials ang gl ass) an because of their excellent
sol vent resj. C ny, of 0 i:ti.Qns, .J adi af 4 gueous
171 JAN 2 R e St A R AT R e
both a radiation curahle_ethylenicall sat ur, d . .bo and a salt
group. A §%§¥?hga???ﬁPFh£F86 tﬂghc%Pgébg% %Pgéﬁgg%éh?“%%%”?ﬁ§g§b|@%% +he
resistgnc%>%§ enhanced ES hhe 5 acrylgﬁl %rgvp concentration and crosslinking
degree”i nGEAEe PBwelEr, "ENE RIRESPSHTPRSE the workability tend to be
deteriorated as_the crosslinkin eqgree i ncreases. .A salft, r nd a. pol ar
group nust be i‘H¥OUGEEd PSXBHfgﬁg %ﬁ%egﬁu &k lF@ﬁﬁ?QﬂHék% ?%##ftﬁﬁﬁ%§)re,
even if the 1Q, crosslinkipng degree of the conposj,tion is increased, it
becones diFr Clit o2 SRt AP aPOPPRErarf SOPCONE FHSITHHAD (oTPT Hoing
solvent. |f the cr sslinking de%feg of the binder res%p is,.drastically

i ncr eased "B IbtH D TRELIAELPPeGUEBPIENMIEE OBESi SPAMTEL T LRRIHY il m

becones brittle. Therefore, a nmetal sheet having such a cured coating film
cannot be“§d&d - for purposes that require high workability which can endure

dramﬁfg, and that require adhesion. Japanese_Unexam ned Patent Application,
Fi rst1Publ i cat i'dt BHREISHeP216159851318i J€Hose<e ds W Tdpbidi% i on havi ng

excellent stability of an emnul sion_and good adhesion to a base materi al,
polyurethane resin particles having a crosslinked structure

obtained by crosslinking polyurethane resins through a

urethane bond or a urea bond, and the polyurethane resin has a

radiation curable ethylenically unsaturated double bond and a
15 salt group.

The above publication describes that the coating film-
forming polyurethane resin particles can contain 1 to 50% of
another radiation curable compound and an initiator for the
radiation curing reaction therein, and that an aqueous coating

20 film having excellent water resistance and excellent solvent
resistance can be obtained by uéing these radiation curable
microgel particles regardless of the agueous coating
compesition.

Japanese Unexamined Patent Application, First Publication

25 No. Hei 9-31150 discloses, as a composition capable of forming
a highly crosslinked coating film, a radiation curable aqueous

polyurethane resin composition prepared by reacting a product,



a radiation curable enul sion containing a radiation curable emulsifier which
has a pol yneri zabl e doubl e bond and al so has an anionic hydrophiligc 6
such as a carboxyl group, 25 phosphoric acid ester group, carboxyli1(:digé$)§fﬂ
salt group, phosphoric acid ester salt group, or the like. However, it is
difficult for the resulting emulsion type 1 1 JAN 2006 8 conposition to be
honogeni zed during the formation of a coaing filmthus resulting in poor
physi cal properties, such as surface snoothness and gl oss of the coating

film as wehl-hassPapk SQlkwey e i BNhPooIoLhem gahyhesksiance. 5
Since the enul sion conposition exhibits non-Newtonian flow, the resulting

coat i ng coFPAShLLANNLY bl 8 Aletlibe GORLANIA Lo diridg, 10l bosgabing as

conpared to a honobgeneous water-sol pe coating conposition. Such a

dr awback t e L.on sition i t pﬁfn ized during the
formation ggﬁ?%gggoggkzé%fFﬁﬁgggiggg% &gﬁqﬁgﬁ%#f% n %S?%%%’c%red coating
filmhavin a %hickness of sev raL_nicrongjiéhus rgsultégg én poor sol vent
resistancegoo¥ ¥ﬁ5°§3aFPW§OPPInlaH O &dhesion T ooe vase  material, and poor
morkab'litg. 15 Ja aneﬁe Unexantnéd Paten&) pIicatioqi First Publication
No. Shé 61285865°CJaBahEs & SEXAni A& SPEC St ﬁ%;ﬁ?%%ﬁ?%%,'Second Publ i cati on
No. Hei 2-41555_and J? anese Unexam ned Pat ent iﬁfplic tion, First  h
PubI f cati on No, CPRF 51330588 CAMBErdSach Her b<dl (17 Copodt £78n, "The
adhesi on of which is inBroved Zg.% addi ng a reactio rqduct of $n epoxy
resin and BROSPHOFFR™ aBi GUT6P iad tpody' S SIS Y P eeers and
carboxylic cid to an agqueous acryli.c resin, and an agueous amn esin

At hough {TRSER EHRBoSPERBNE RAVECEAESPPenE MURERBIESE HE S AP Coats R Fi | m
having a thickness, of several _m crons made, 25 fromthese conposjtions is
inferior itPRbtYRhECPesfitghcEUPAGRELPT NoandiSlorkim 11157 ASS@elEFF bed
above, although various, attenpts_have been 1 1 JAN 2006 9 nade, a coating
filmt8rmed'®h #hEeTeRhioBhENE2RAS AGHCHESH PAVBIHE Mt HARPRXtef Pnt

adhesion to the surface of Ehe met al , , , , ,
. having a methacryloyl group is superior in adhesion, chemical

resistance; surface hardness, and yellowing resistance, and is
used in coating compositions, coating agents, and inks.
Japanese Unexamined Patent Application, First Publication

15 No. Hei 10-251361 describes that excellent adhesion, excellent
solvent resistance, excellent workability, and excellent
coatability can be obtained by mixing radiation curable
microgel particles with a radiation curable agueous
polyurethane resin.

20 These radiation curable aqueous polyurethane resin
compositions are used in coating compositions, coating agents,
and inks because of their excellent adhesion to any of organic
materials (e.g., plastic films, wood construction materials
and decorative papers for construction materials) and

25 inorgagic materials (e.g., metal materials and glass) and
because of their excellent solvent resistance.

Any of these compositions is a radiation curable aqueous



sheet and maintains coating filmadhesion while enduring severe working such
as deep drawi ng, and which has excellent 5 corrosion resistance and exhiﬁits
very high durability to a polar solvent and an al kali chem cal sollukt 4431006

DI SCLOSURE OF | NVENTI ON An object of the present invention is to provide an
10 excel l ent radiation curabl e agueous coating conposition, which is highly
safe and which can nake the adhesion to a-nmetal surface and the corrosion
resi stance conpati bl e which have been considered to conflict with each

ot her, particul arl adhesion.after ver r ki I resi nce,
and 15 part e arTLonar abr iy Moot ST R e ie APty B kAR s

obj ect of .t present jnvention,i.s tqQ provi.de .a coated netal terial] with a
cured coaﬁrﬁgﬂﬁIﬁﬁﬂé@#ﬁanegggﬁpéﬁte Qgﬁgﬁﬁﬁ?ﬁlyt%ﬁ?%ﬁﬁ?%%%doggPﬁge P
material and, excellent solvent re lsta?cﬁ, ich is.obtaiggp %y formng a
coating 201 I DLt h&TRBRti g €8APOEPt fonMof ERESurfacd TSt £ret al

material and curjng the coating filmwth radiation, gnd to rovj de a

manuf act ur§afy HetPod REr eR6r SCENETYr E§&rS Semidnticr £ C?%t%ﬁst%ly st udi ed
and found that a radiation curabl e aqueous coating conposition 25 containing
a specPfi @PHOSPHbrPECER| HOBSESL T@sAPOHURET £ SFddiTh N aiedtiee pol yheedhane
resin, and colloidal silica can achieve the object described above, thus
conpl eting the Hoveyan 2006 2ghgsdsanenchidst "o kathel i gttt he Perst

invention in the present invention lies in a radiation curable agueous
coating colfgostteonte@onpr EBEngrosslinkinsheesier dreieRes% er feotpdund
havi ng. an ethylenically unsaturated double bond (hereinafter referred to

as a phospH®tur atd i@ eB® R rcOFPERNAVEE) Pe (Pt radusfitedus ot Ul e@Rane resin
having both an ethylenically unsaturated double bond and a group capabl e of
10 form ngG@eas (hetei parpesitéparr eBhebefisran &gesodd FdSyuret hane resin

(11)), and (3)_ colloidal silica. The gist of the second invention in the
preseh? i frEfR§bking degree of the composition is increased, it

becomes difficult to obtain sufficient solvent resistance to a
polar solvent.
If the crosslinking degree of the binder resin is
drastically increased to obtain the desired solvent
15 resistance, the coating film becomes brittle. Therefore, a
ﬁetal sheet having such a cured coating film cannot be used
for purposes that require high workability which can endure
drawing, and that require adhesion.
Japanese Unexamined Patent Application, First Publication
20 No. Heil 10-298213 discloses, as a composition having excellent
stability of an emulsion and good adhesion to a base material,
a radiation curable emulsion containing a radiation curable
emulsifier which has a polymerizable double bond and also has
an anionic hydrophilic group such as a carboxyl group,
25 phosphoric acid ester group, carboxylic acid salt group,
phosphoric acid ester salt group, or the like.

However, i1t is difficult for the resulting emulsion type



lies in a coated nmetal material conprising a netal material 15 and a coating
filmfornmed on the surface of the nmetal naterial, the coating film being
formed by curing the radiation curable aqueous coating conposity pnaesgri bed
above wth radiation. The gist of the third invention in the present
invention 20 lies in a method for manufacturing a coated netal material,
conprising the steps of applying the radigtion curable agqueous coating
conposition described above on the surface of a nmetal material, vaporizing a

sol vent compenents idh the $0akhR8qeF99RAShlirR ot @ HEOEMEhGaal g f4 1 m  and
irradiating the 25 coating filmwth radiation. According to the inventions

descri bed g 141113 cROSSLOLEL1 0B oKl BBoLThngatadiakhon.curahl e Ayeous

coating 1 1 J osI t1on~havi ent solvent resi'stance and

I 1 ent j t t Lal, t t al
i eri 6l N O ed RO e T oS nAIPRG BrcalPonrs SORy i g o de,

excel |l ent corrosi on eS|stange gnd 5 ex eIIentcgg%e%ggn %%.th%n%%{face of the

metal mat & &°° and” Y%ﬁta?%e%ﬁo%n?%raﬁangpggtur|né e "E5ALS ‘al
material'. BEST .MODE FOR

i€ _CARBYING OJUT THE LNVENWLC%. gRadiq&ioQ curabl e
aqueous coati ng ¢Brpositi OAY 10 the"FRAFAFISR EaFABIE SadG8ol's "¢6A Ry
conpositi%ﬂ’of éﬂg resent invention contains.a phosphqric aci.d ester
Compound I ditadueTtaL HoF yiiret hARCPEEPR Ci P afd 'oFIFerdall si || ca. A
solvent or a dispersion nediumof this,agueous coating. conposition is
basi cal | y SCG58ed 'of Tt erd B%%lnﬁ9a56ﬂaaﬁﬁ SATPEE eGr §&nifc NOBPFERE XS | ong
as it can dissolve qr. disperse the phosphoric, ,acid ester conpound (1), the
aqueous pORAYVETEIHI LS dsiie (FPF - HRE €OPPBFAALC8ilica therein, in addition to
wat er. The content of the organic solvent in.the radiatiqn curabl e agueous
coating conpositiTh & LI ererapty2 6ok By RBEYRECT26°8POFesd P 18spett s of
safeyg ang health as well, as | ess environnentab pol I ution. As used herein,
the rEdi atPERIEEEE (BT gy ¢ i FRIEAER" aSTuF PRaGPEIFEN S EHT 2FSPBI e

| ight, electrqon hea -ray or, the like.
9 part%cdiaggy)gn g thin cured ccating film having a thickness

of several microns, thus resulting in poor solvent resistance
of the coating film, poor adhesicon to a base material, and
poor workability.

15 Japanese Unexamined Patent Application, First Publication
No. Sho 61-83262, Japanese Examined Patent Application, Second
Publication No. Hei 2-41555 and Japanese Unexamined Patent
Application, First Publication No. Hei 5-320568 disclose a
thermosetting composition, the adhesion of which is improved

20 by adding a reaction product of an epoxy resin and phosphoric
acid, or an epoxy resin, phosphoric acid ester, and carboxylic
acid to an agqueous acrylic resin and an.aqueous aminoc resin.

Although these compositions have excellent adhesion, the
thin coating film having a thickness of several microns made

25 from these compositions is inferior in sclvent resistance,
adhesion, and workability.

As described above, although various attempts have been



25 (1) Phosphoric acid ester conpound (1) The phosphoric acid ester conpound
(I') used inthe I 1 JAN 2006 12 radiation curable aqueous coating
conposition of the present invention is a conpound having one or d AN 2006
ethylenically unsaturated double bonds in a nolecule, and exanpl es thereof
i ncl ude phosphoric acid al kyl ester, phosphoric acid allyl 5 ester and
phosphoric acid aral kyl ester, each having an ethylenically unsaturated
doubl e bond in the sane nolecule. Mre specific exanples are reaction
product ofmgetegsphardas iacy df { et i) awestl ahethepmesent etheleyr thees frodtl dwdary
General Formula (1), i.e. phosphoric acid nonoester or phosphoric acid 10
di ester, amcbwal kayliaiornog ywetcyl lenheadhealikyl tgl yhiedplurdstaer ar Ehgaletepexy
conmpound, reaction product of a conpound having both an epoxy group and an
et hyl eni calHegtunsal w=atrech Oosibt €at bogdf { Emgadhgbyondyh ifet kactutdiate) and
phosphoric acid, phosphoric acid nonoester or phosphoric acid diester, and

15 phosphaidve raciud paliketdierh (aetd @sratab engeprasernedhbhahexd«llaw ng
General Formula (2). Phosphoric acid (meth)acrylates represented by the

Generad FoigrHaich raf8 shaidd cah@rdiynppeter vedy BQgkeneralbifardpla (&) RL O
0 | p~ CH2=C 000k H2k - (OC-C5 H10), -0 0 ~ P- 8R2)b a (OH ¢ (wherein R1

represent $,:a shy dlagem atam QinaaIT}'@éi‘i{'cHéx‘RhJBaleolb%@'b@lSentS al kyl group
having 1 to 8 carbon atons, k 1 1 JAN 2006. 13 represents an integer of 2 to

12, n represents an integer of 0 to 3, a + b + c =3, a represents an
integer of 1 to 3, and b represents an integer of 0 to 2)

DISCLOSURE OF INVENTION

’ An object of the present invention is to provide an

10 excellent radiation curable aqueous coating composition, which
is highly safe and which can make the adhesion to a metal
surface and the corrosion resistance compatible which have
been considered to conflict with each other, particularly
adhesion after severe working and solvent resistance, and

15 particularly durability to alcohols having high polarity.
Another ébject of the present invention is to provide a coated
metal material with alcured coating film having excellent
adhesion to the surface of the metal material and excellent
solvent resistance, thch is obtained by forming a coating

20 film of the coating composition on the surface of a metal
material and curing the coating film with radiation, and to
provide a manufacturing method therefor.

The present inventors have intensively studied and found

tbat a radiation curable aqueous coating composition

25 containing a specific phosphoric acid ester compound, a
specific aqueous polyurethane resin, and colloidal silica can

achieve the object described above, thus completing the



5 General Forumula 2 R, O 11 CH2-CCO (CkH2kOn O N P- (OR2)b al (OHM
(wherein Rl represents a hydrogen atomor a nethyl group, P2 repr S;“{@Uﬁ

al kyl group having 1 to 8 carbon atons, k represents an integer 3f 4, n
represents an integer of 1 10 to 10, a + b + ¢ = 3, a represents an integer

of 1 to 3, and b represents an integer of 0 to 2) Exanples of the phosphoric
acid esters having a (neth)acryl oyl oxy group represented by the General
Forrmula (1) 15 include conpound obtai ned by dehydrati on condensati on of

phosphori ¢racidht 2riyehoxygt hyl acrylate and 2-hydroxyethyl methacrylate,
and dehydrated condensate of a conpound obtained by ring-opening addition of

-caprol actone to,&2-dwdr oxyet Ryl riaceyhalenen o3- Andrexy eirlaenretitacnd afe and
phosphoric acid. 20 Exanpl es of the phosphoric acid esters having a

(et h) acr yil;oud oxy %rpy@%yg%ﬁ_sen&sglgyaahep@en%alti%ar ki ded 1 Jancl ude

conpound obtai ned by de rati on condensation of an "adduct such as ethyl ene

oxi de, prqg%{gnﬁs | de or tetrahydrofuran to acrylic acid, nethacrylic acid,
21 1 JANZ2006 14 ydroxyet hyl acrylate or 2-hydroxyethyl nethacrylate and

phospheri c acid?lﬁh§_§W§g§£§£18 aci g §§£EE 88&P?EHQ gg%i%%nggp di ssol ved or

di spersed uniformy in y neutralizing basi c conmpound. The

P oeont 1 ey T S MRS S ke R bRe P APRA I n b RAL oML o the
surface, whil e _.excess additiﬁne%gereof deterigﬁzhes the stability of the 10
e

coating sgﬁuﬁ<ﬁp%ﬁpvﬁﬁ}ca%c% F%Ongﬁongi ¢e and the
{2) an aqueous polyurethane resin having both an
ethylenically unsaturated double bond and a gréup capable of
10 forming a salt (hereinafter referred to as an aqueous
polyurethane resin (II)), and
(3) colloidal silica.
The gist of the second invention in the present invention
lies in a coated metal material comprising a metal material
15 and a coating film formed on the surface of the metal
material, the coating film being formed by curing the
radiation curable agueous coating composition described above
with radiation.
The gist of the third invention in the present invention
20 lies in a method for manufacturing a coated metal material,
comprising the steps of applying the radiation curable aqueous
coating composition described above on the surface of a metal
material, vaporizing a solvent component in the coating
composition to form a coating film, and irradiating the
25 coating film with radiation.
According to the inventions described above, it is

possible to provide (1) a radiation curable aqueous éoating



al kali. resistance of the coating film Taking account of these actions;
preferred amount is within a range from1l to 30% by weight (0.2 to 5% by

wei ght reduced to a phosphorus atom basis) based on the nonvolatlhqmﬂqm%ent
of the 15 conposition, and nore preferred anount is within a range from 5 to
15% by weight (1 to 2.5% by wei ght reduced to a phosphorus atom basis). (2)
Aqueous pol yurethane resin (I1) 20 The agyeous pol yurethane resin (11) used
in the radiation curable aqueous coating conposition of the present

vent | oncch3aR: POLYULELNANG Jesin diaving, bonh an.eLbylent call v, dinsarat ed

doubl e boRd "and & group ca ormng a s n "aqueous
pol yur et ha resin_can,be ohtained in the 25 fol]ow.n ner.. For exanpl e,
a reactio t —of ound (&) "havihg a group capa f rmng a
ﬁgg?aaae t8 t&e & 855 %fr%qF m@Fal maLerlag nﬁ?é & CPStﬁg
sal t usigg ? lsoléent., whi.ch does not react mﬁ%h an._isocyanate gro p, as a 1
1 JAN 2008°18" TBAELIGT LdiVerm “H T -6 Pof yt tht '8RAM9pSryEedEYanat e
conmpound (b) and a paql yol conpound .(c) is reacted with conmpound (d) having
an ethyle%?igﬁp§ 5ﬁ§é§§F§F§H ﬁﬁﬁﬁﬁéQﬁﬁmFo¥Ep%b?%iﬁeﬁlﬁgﬁ§ﬁ?ggﬁgne resin.
Then, a grou cagable of 5 formng a salt in %his pol Uﬁethane‘rgsin i S
neutral i z%acgﬁae Wateheisd o3d de, t o T Bl TRk hgt e I]B‘SE@' bP&t£618bt aPA%n
aqueous polyurethane resin. If necessary, the reaction solvent nay be
renmoved by3di &t REFEPCod CdndemWediced 1 dsttirec21ed(Betp L cBab6uRd(a) having
a group capable of formng a salt As used herein, the term"a group capabl e

of formng a salt" refers to an acidic group capable of formng a salt with
a base, or a basic grou cagable of formng a salt with an 15 acid. The

former includes carb®8AT gt FQRy| $oRR el Bei QUr dbp TANENFHS bhori ¢ aci d

ester group, while the latter includes am no group, N-substituted am no

group and N, N- dRadiBSirnucedabd UL .CoHel 1 @r RPMRCESRPBUNd (a) having a
group capable of 20 formng a salt" used in the present invention refers to
a caiffpound whiieh Radiany ogr 6 abdFafi BT i hgna sarpoahdiocnl 86 KAS two

or nore functional groups having reactivity with .
present invention c¢ontains a phosphoric acid ester compound

(I), an aqueous polyurethane resin (II) and colloidal silica.

A scolvent or a dispersion medium of this aqueous coating
composition is basically composed of water, but may contain an

15 organic scolvent as long as it can dissolve or disperse the
phosphoric acid ester compound (I), the agueous polyurethane
resin (II) and colloidal silica therein, in addition to water.

The content of the organic solvent in the radiation
curable aqueous coating composition is preferably 5% by weight

20 or less in aspects of safety and health as well as less
environmental pollution.

As used herein, the radiation refers to energy line such
as ultraviolet light, visible light, electron beam, X-ray or
the like.

25
(1) Phosphoric acid ester compound (I)

The phosphoric .acid ester compound (I) used in the



the i socyanate group. Exanples thereof include diols and diam nes. 25

Speci fic exanpl es thereof include trinethylol propanenonophosphoric acid
est-er; trirnethyl ol propanenonosul furic acid ester; polyester diolf 11 AN 708N
2006 16 wherein at |least a portion of a dibasic acid conponent is sodium
sul fosucci ni ate or sodi um sul f oi sopht hal ate; N net hyl di et hanol am ne;

di am nocar boxylic acids such as |isine amd cystine; dihydroxyal kyl al canoi c
acids such as 2,6 5 di hydroxybenzoic acid and 3, 5-di hydroxybenzoic acid, 2, 2-

bi s ( hydr OBl QP QP & Ahdong, 30a9i§§h¥%?6)§%%h) anoammpcre%@nct 2, 2-
bi s( hydr oxypropyl ) propi oni c acid, bis(hydroxynethyl)acetic acid and

2, 2-bi S(hxg{wrﬂyﬂg%tm&uﬁ&'ﬁgmgg%ée18rh>69&ex§@h§lméhé%qtryc aci d;

2, 2-bis(4- phenyl) pentanoi ¢ aci tartaric aci |hydroxyethyl

gl yci ne; tyLEE(aZteCF c?c{ J\_@té‘%&%erﬁ%bﬂé zR[§RI onadl @Qag@”@s‘:%@% £ group-

contalnlng p ycapro oned ein a lactoné conpound™ such

c- capr oL 24 Rn% e et O hodsoxyal iyl st kpnolfolBnghl. <108 LadelLe

anount of e gro ormn e approprlate deci ded

accordi ng to t he Kij conp05| |on o] t he copppnen LAmong t he

exanpﬁ%s 5bscrfb(J 35“3% o%%%p%%ﬁ s° %%? % %%%eoheGSF t&o%gbgups 20 sel ected
u

f | f t th f.
11 1S par RO Th e il T e ET e Sdce Bobdr BBngegFSI‘}ﬁ Bedsnbd egoﬁée"
bal ance can be aS|I ai ned in. various asggcts

t
aqueous polyur E?ég% CIFHTRIE 952 1F ef &7 F?nmPFﬂ § 95 éOFP ﬁfiﬁ to
100 KOH f b| f 1 JAN 2006 17
(2-2) POF% 36%3 §¥BE§Hﬁ§%§ era ron1 b%ft?ﬁeféghggéggy fRf&2donpound (b)

el e gt T sy e ol Lot 5 0 oot

10 diester, and alkyl monoglycidyl ethers, alkyl glycidyl ester
or a polyepoxy compound, reaction product of a compound having
both an epoxy group and an ethylenically unsaturated double
bond (e.g., glycidyl methacrylate) and phosphoric acid,
phosphoric agid monoester or phosphoric acid diester, and

15 phosphoric acid polyether (meth)acrylate represented by the
following General Formula (2). Phosphoric acid
(meth)acrylates represented by the General Formula (1) are

particularly preferred.

20 General Formula (1)

R1 O O

0
| i
CHy=C~G0C Hy — (0E=Cs Hig)n P

| — (ORy )

(OH),

(wherein R; represents a hydrogen atom or a methyl group, R;

represents alkyl group having 1 to 8 carbon atoms, k



5 trinmet hyl hexanet hyl ene dii socyanate, and |ysine diisocyanate, triner of
the aliphatic isocyanate, and adduct of a |low nolecular triol and the

al i phatic isocyanate; alicyclic polyisocyanates, for exanple, alilclyN 0k
di i socyanates such as isophorone diisocyanate, dicyclohexyl nmethane-4,4" - 10
di i socyanate, hydrogenated tolylene diisocyanate, nethylcyclohexylene

di i socyanate, isopropylidene cyclohexyl 4,4'-diisocyanate, and norbornene
di i socyanate, trinmer of the alicyclic diisocyanate, and adduct of a

| ow- ol ecqleg; rdddls 00 LheqaLT GYChi €olhbs0ny aRalis OB Cr ptLpbALSE 35
pol yi socyanates, for exanple, aromaiic-aliphatic diisocyanates such as

xyl yl ene ctlo' speyanatg,  tLioeg of }glp%ge&%t diihSQeyanale, o and ﬁgdf}mtaﬁé 3

| ow- ol ecular 'tri ol and the “aromatfc allp atlc dii socyanate; tri-

pol yfuncti i SOC oko a aromatic dllsocyanates such as
20 dlphenfgﬁgﬁfé%%y %8 %??g géanatg géd onIene di i socyanate,; aromatic
pol yi socyanates such as triphenyl nethane triisocyanate, trinmer of the
aromatic diisocyanate and adduct of a lownolecular triol and the aromatic

di i socyan t hyl enepol yphenyl isocyanate; and pol yi socyanates 25
s SRRy & SO | 4

conpou de group, such as COSMONATE LL (m xture of
carbodllnldated 4, 4' dlphenylnethane dii socyanate and 4, 4'-di phenyl net hane
diisocyanate ma factur Mtsui 1 1 JAN 2006 18 Chem cals) and
Carbodilite V- (ternl allphatlc pol yijso anate conpound havi ng a
pol ycarbodiimd Q1Y Q;C gcgls hi Q? |es Inc.). Two or
nore pol yi socy nate conpounds can e cp nblna b5 (2-3) Polyol

conmpound (c) As it he polyol compound (c), gly 6Is and polynerlc pol yol s can
be used. Exanples of the glycols include ethyléﬁ% gcol, 10 propyl ene

gl ycol , diethylene glycol, cyclohexane-1, 4- -di net hanol, 1,3-buty|ene gl ycol ,
1, 4- butylene gl ycol, neopentyl gl ycol 1 6- hexanedi ol ,

3- net hyl - w@teﬁ@rﬂraﬁ’edwzﬂpreﬁ@m%a|h3dﬁ@95ﬁeaﬂ:@m or a methyl group, R;
2-buty|-2 et hyl -1, 3- propanedlol 2- nethXI 8 oct anedi ol , 1, 9-ncnanedi ol ,
cycIchexyFQﬁrﬁﬁﬁﬂﬁﬁﬂa kyl group having carbon atoms,

_represents an integer of 2 to 4, n represents an integer of 1
10 to 10, a + b + ¢ = 3, a represents an integer of 1 to 3, and b

represents an integer of 0 to 2)

Examples of the phosphoric acid esters having a

(meth)acryloyloxy group represented by the General Formula (1)

}15 include compound obtained by dehydration condensation of
phosphoric acid, 2-hydroxyethyl acrylate and 2-hydroxyethyl
methacrylate, and dehydrated condensate of a compound obtained
by ring-opening addition of e-caprolactone to Z-hydroxyethyl
acrylate or 2-hydroxyethyl methacrylate and phosphoric acid.

20 Examples of the phospheric acid esters having a
(meth)acryloyloxy group represented by the General Formula (2)
include compound obtained by dehydration condensation of an
adduct such as ethylene oxide, propylene oxide or

tetrahydrofuran to acrylic acid, methacrylic acid, 2-



15 bi sphenol A, bisphenol F, hydrogenated bi sphenol A, hydrogenated bi sphenol
F, and castor oil-nodified diol. The glycols further include glyqeyjANngi(ﬂ
such as trinethylol propane, tetraol such as pentaerythritol, and ‘castor

oi | -nodi fied polyol. 20 Exanpl es of the polyneric polyol include polyester

pol yol , pol ycarbonate pol yol and pol yether polyol. The nol ecul ar wei ght of
the polyol is preferably within a range ¥4om 500 to 5,000 in terns of a
nunber - aver age nol ecul ar wei ght. 25 Exanpl es of the pol yester polyol include
pol yest er hpotyristbbflaianed lay e lve Zddivdmk yetdetd orednefbyleahe arvdndensati on
reacti on of one or nore nonoepoxy conpounds 1 1 JAN 2006 19 selected from

al kyl nonoghyspdykiet hersl.such as ethyl glycidyl ether, nethyl glycidyl

et her, butyl glycidyl ether, 2- ethyl hexyl glycidyl ether, lauryl glycidyl

et her, decyl (grkei dytbsehber candist eatydr glongialyld ethercam lad kgisgbyeedyl 5
ester (manufactured by Shell, Japan under the trade nane of Cardula E10) and
one or norer polypassedacndsoatnlaciith warthydivdessetelt 2thd romtial aphatic

di basi ¢ acids such as adipic acid, azelaic acid, sebacic acid and dieter

acid, or as@pabhe.polybasic acids, or anhydrides thereof such as 10

i sophthalic acid, terephthalic acid and trinellitic anhydride, or alicyclic

pol ybasi ¢ aci dsTre ﬁﬁb}é@hb&@ﬁ: tahekeefs tsuc i agpoundlr opht hral i iee andpydsh e and
di met hyl -1, 4- cycl ohexanedi carboxylic acid, in addition to the polyols

descri bed abovengleohpbkhenddr of ROlkY @Iletle 0liyolden hdai Neslr bye & hen& i ng-
openi ng pol ynerization of s-caprolactone and P-nethyl-5- varel ol act one.

Exanpl es ofdrhdeipel yearhenabatpaky ek lneldude.e hexametdyt enee: pokycas bonat e
pol yol obtained from1,6 20 hexanediol as a raw material, polycarbonate diol

nmade of 1,dkcdud yia@a@tgbyic@Iner@@lfy@@ltléqa%tx%t@solt_woamipﬁ@){aecsli ythgl ycol ,
pol ycarbonate diol made of 3-nethyl-I,5-pentanediol, and polycarbonate di ol
made 0b 1,&dwonanedbolitiSpeaist welexarpkes oforirhes iRgl yeidedt poty odnd nehalde

alkali resistance of the coating fiim. Taking account of

these actions,; preferred amount is within a range from 1 to

30% by weight (0.2 tc 5% by weight reduced to a phosphorus

atom basis) based on the nonvolatile content of the

15 composition, and more preferred amount is within a range from

5 to 15% by weight (1 tc 2.5% by weight reduced to a

rhosphorus atom basis).

{(2) Aqueous polyurethane resin (II)

20 The aqueous polyurethane resin {(II) used in the radiation
cﬁrable aqueous coating composition of the present invention
is a polyurethane resin having both an ethylenically
unsaturated double bond and a group capable of ferming a salt.

Such an aqueous polyurethane resin can be obtained in the

25 following manner. For example, a reaction product of a

compound (a) having a group capable of forming a salt using a

solvent, which does not react with an isocyanate group, as a



25 pol yal kyl ene gl ycols such as pol yet hyl ene gl ycol, polypropylene glycol
and pol ytetranet hyl ene glycol. Anong these, polytetranethylene glycol is
particularly useful to 1 1 JAN 1006 20 inprove the solvent resithntellind

t he degreasing solution resistance while maintaining the workability of the
coating film 5 (2-4) Conpound (d) having an ethylenically unsaturated
doubl e bond is a conpound which has a fun@ional group having reactivity
with isocyanate (e.g., hydroxyl group, amno group, etc.) and an

et hyl eni catd 3 st 46 8t edr doybhe-berdpoSReeinkitG oyeamy sy 0d o Sypeha Be conmpound
i ncl ude nonohydroxy 10 nono(neth)acryl ates such as 2-hydroxyet hyl

(et h) acr W ahSourds WﬂrQﬁapéoﬁahyemka)@@wbat@)arlcé, hydroxabuf ytn a

(meth)acryl ate; nonohydroxy di (mmeth)acrylates such as glycerin

di (et h) acryd %ﬁ‘“ﬂd#'%ﬁfilﬁé@ﬁ G RO1Bn rRNYLAG e Dy o dCEERLSHA (CHEM CAL

CO., LTD.); nonohydroxy triacrylates such as “15 pentaerythritol triacrylate;

monohydr oxy, %‘éﬁﬂ?ré{{%&lfg%%fﬂaﬁé. dLpept aen@%{%g}ri EOPrBQ@t @%dgaﬂlaet & di hydroxy

nono( et h) ac ates s glycerin nmono( acrylate; an conmpounds

obt ai ngd thoie,addi Ll on Bol Ve | 28t Loneob sbhese . comounds: wi 11 24 hh ene

oxi de, propyl ene oxi tetrah uran or e-caprolactone. The conpound

further | Rgludes, progucts phialogd by bhe: Mehas addid lan £ sacti on of

pol yf unctional™ acryl ates’ suc tFi e propane triacry

pent aeryt i o). SlEARGTILRLE. B0d: 81 pept ARLULhILLD. bexagerylalg, and

di al kanol ani nes™ s anol amne, diTsop anol amne,

di pr opanol_am and. di.but anol am.,ne_or,. npnoal kyl al kangl am nes such_a
met hyl et haszr%{)ﬂ‘};e%lltner?a%tt%ll B %‘rﬁ%ﬁjab n(éilg!rel ?%Fﬁﬁppﬁgig%ﬁomfﬁ%nce?éjIprle%SALf\f?LOOG
21 The conpound further includes half urethanes obtained by reacting

di i socyanates containing two isocyanate groups having different

ronohyar oxy  Tron CHet BTy Tas b bt B RE B o Er B caFCR T e At dn
product s %gﬁ%ined by reacting nmethacryl isocyanate. w th dial kanol am nes or
As used herein, the term “a group capable of forming a
salt” refers to an acidic group capable cf forming a salt with
a base, or a basic groﬁp capable of forming a salt with an
15 acid. The former includes carboxyl group, sulfonic acid group
and phosphoric acid ester group, while the latter includes
amino group, N-substituted amino group and N,N-di~substituted
amino group.
The term “a compound (a) having a group capable of
20 forming a salt” used in the present invention refers to a
compound which has any group capable of forming a salt and
also has two or more functional groups having reactivity with
the isocyanate group. Examples thereof include diols and
diamines.
25 Specific examples therecf include
trimethylolpropanemenophosphoric acid ester;

trimethylolpropanemonosulfuric acid ester; polyester diol



nonoal kyl nonoal kanol am nes. (2-5) Synthesis of aqueous polyurethane resin
(') 10 Typical nethod of preparing an aqueous pol yurethane resin %
be described below. First, a conpound (a) having a group capable kﬁJ% ¢
a salt, a di- or polyfunctlonal pol yi socyanat e conmpound (b) and a pol yol
conpound (c) are mxed so that excess isocyanate groups exist, thus
obt ai ning 15 an isocyanate group-term nategl pol yuret hane prepolyner. The
reaction between the hydroxyl group and the isocyanate group can be

conducted @efeifNPer abdte W LBR 13 ANGE JiBi20 40 dlZUmpbAdnor iy t hout
using a solvent which does not react wwth the isocyanate group. 20 At this

time, a pr@@ﬁuﬁn@emoeﬁce%heewo&ne\eﬁalunplsma:rdlzs%y&malméu tprs and
ur et hani zati on catal ysts can be added, if necessary. Exanples of the

pol ymer i Z%énﬁ‘ywbé@hg%laﬁ%@ded Ry %'ﬂﬂ;%htceratdﬁw smewla@yﬁ{@% none,

and net hoqui none e uf et hani zation catal yst, for exanple, dibutyltin
di | aurate, ct t henzyl ne, sodium
hydr oxi de, anggé?g? %[z?%@?d{ ?gl?yiggkﬁ%fﬁg6u%éqtutoxy tltanlﬁﬂ:can be
used. Lkt i ery e [ n -0r=gani I [ inest to the
|socya%at él up,X%E% %§5%p?85dt§g?e§f5,?@P&gi% §%Q%8%gighatﬂj %T yl ket one,
etoni.tri.l e, tetréh%drofuran benzene t ol uene,

et hyl acetate di,oxane

xyl ene, nono&?%dr?x éFéﬁg?papﬁ%PHlF suﬁFGX|de and N- net hyl pyrrolidone.
ﬁ Zg e used al_ane %r |n conbi nati on. Then, this
Y EHPpSP 1

These reae):o n sed =3
i socyanat e gr dﬁ uPthSEé prepolyner is reacted with the

conmpound ( QSQ%¥|nn gpr%P¥T¥8FHB§§%|re68I§ u&gt %ﬂ%QJ%ma qw Rg%%_naklng it

possi bl e p enlcally
a

o nal G S S db%‘%”?s{lgéeﬁgg{'f&?%%%?”%e‘%fa%%%‘éﬁga%éO?al mggpl o chan
(0]

il
{

=]
n

terminal and I%%
of '”E{)Od‘iqc'ci‘xgo rer‘%ﬁlf‘gc‘:’é@c 0.1 84Nyl 8nbcal Y ysatyiated, ol & bopd. o
i n anot her r&ac Y
acid; tartaric acid; N,N-dihydroxyethyl glycine; N,N-bis(2-
hydroxyethyl)—3—carboxy—pr0pionamide; and carboxyl group-
containing polycaprolactonediol wherein a lactone compound
such as eg-caprolactone is added to dihydroxyalkylalkanoic
15 acid.
The requisite amount of the group capable of forming a
salt can be appropriately decided according to the kind and
composition ratio of the components. BAmong the examples
described above, compounds having any one or.two groups
20 selected from a carboxyl group and a sulfonic acid salt group,
or a mixture thereocf. It is-particularly preferred to
introduce a carboxyl group because good balance can be easily
attained in various aspects.
The acid value of the agueous polyurethane resin (II) is

25 preferably within a range from 20 to 100 KOH mg/g, and more

preferably from 25 to 40 KOH mg/g.



after introducing the group having an ethylenically unsaturated doubl e bond,
pol yneri zation inhibitors such as 20 hydroqui none, tertiary butyl

hydr oqui none and net hoqui none are preferably used. Then, the grbdpANaplbl e
of formng a salt in the polyurethane prepolyner is neutralized and the
prepol yner is dispersed in water to prepare a water-organi c solvent m xed
25 sol ution. Exanples of the basic conmpoynd capable of neutralizing the
carboxyl group listed as an exanple of the group capable 1 1 JAN 2006 23 of

formng a salt,dthe QﬂQﬁfﬁQ&&§aﬁ§EQ eskhgbum@™Meynd (1) and the phosphoric
acid esters having a (neth)acryl oyl oxy group represented by the General

rormila (1) 1 nGlgg, 144 2 £Vl gt BERyL HEDaAgLEr ERRBRYIRAM B9 andtgdet hyl ani ne;

al kyl al kanol am nes 5 su as dine nohoet hanol am ne, di et hyl et hanol am ne

and diet ]ﬂﬂﬂ | ani ne: bas] i n r a

dineth;lagﬁggit ngﬁ%?%%€$§€§?ggg%a'd?gghékgﬁkﬁggt%gﬁp%ﬁggﬁgcrjlate. Then, a

0SS ki Aasnt, S0l Vel 10 Y0k She 0Ly @Bny 10n0r 030G RANAN, 15 Adfled, | f
it e i ViR da 2R

necessary. es o e crosslinking agent 1ncludé ali'phatic amne such

as eth%le@??@%?%ﬁ%hé&#ﬁ%ﬁgéfgﬁehéa?g%ﬁgngXEp!Bgﬁaﬁpgggﬁyfyjsocyanate,

hexamet hyl énedi am ne; azl ne, rram ne, eéram-ne or

tetraethy%egg%ﬁn%%mgggr%éﬁééég%gg%g%%g%ﬁgFéycgngs %%%k%h%ﬁykgqﬁﬁLanine,

isophor onedi ne or no aromat!| ¢ am ne such as

tol yl di ami ne, I i am h I diam tris(2-am t hyl '
206" am RCRY Pt o A noaF | P GBEAC ok oy CKATRBET ORI MR oy <l | Anc, y
20, df am nopRORML LI SLioXy st L aney, Nogs (AL 08U IVLL Wi s socyanates such as

am nopr opyltri 0 ane’ - yry-y=—"°- _

ot i nine. COREBUHAS D BIUEG ByP Gony o aLTORPOF Y R ERARY At such Bs 25
di am Lriam d.isobutyl k iLng t t h t hod f

Cr 091 g 6T SENG T e Gt 6B S0 has Bt SaasC borgmELRIG 1 eatn (1)  usi ng

the methylcyclohexylene diisocyanate, isopropylidene cyclohexyl-

4,4’ -diisocyanate, and norbornene diisocyanate, trimer of the
alicyclic diisocyanate,-and adduct of a low-molecular triol
and the alicyclic diisocyanate; aromatic-aliphatic

15 polyisocyanates, for exampie, aromatic-aliphatic diisocyanates
such as xylylene diisocyanate, trimer of xylylene
diisocyanate, and adduct of a low-molecular triol and the
aromatic-aliphatic diisocyanate; tri- or polyfunctional
polyisocyanates, for example, aromatic diisocyanates such as

20 diphenylmethane~4, 4’ -diisocyanate and tolylene diisocyanate, ;
aromatic polyisocyanates such as triphenylmethane
triisocyanate, trimer of the aromatic diisocyanate, and adduct
of a low-molecular triol and the aromatic diisocyanate, and
polymethylenepolyphenyl isocyanate; and polyisocyanates

25 compounds having a carbodiimide group, such as COSMONATE LL
(mixture of carbodiimidated 4,4’ -diphenylmethane diisocyanate

and 4,4’ -diphenylmethane diisocyanate manufactured by Mitsui



1 1 JAN 2006 24 crosslinking agent, the crosslinking agent is previously

di ssol ved in an aqueous phase and an organic solution prepared by dissolving
an urethane prepolynmer in an organic solvent is dispersed in tr? ﬁgﬁ@ﬁus
phase to prepare a water-organic 5 solvent m xed sol ution. Then| tJ gani c
solvent is distilled off fromthis water-organic solvent m xed sol ution
under reduced pressure, thus nmaking it ssible to obtain an agueous
solution or a water dispersion of a radiation curable aqueous pol yuret hane

10 resin (fHQmi4%?5533%%33%%M%%#?ff¥énFl@9”?Eérﬁiﬁ9g%?og¥§Fﬁ%@éc(hereinafter

referred to as as a portion or i- or

pol yfunctignal. pol yi soc ate compound, a . yuret resin (I1)
usi ng hdegg ﬁa%ﬁy%&ﬁt¥gp Bt ai hed- Bhd t%§9§§§§§8§9%§F§§r§?ﬁ§ﬁé resin (I1)
usi ng hydrogenat ed [, I ref er.abl sed because of i excel l.ent sol vent
resi st anc8?” ?ggtti%regé%) hf)h} Sﬁ?%r&%%a%/% u?\}b’%‘l?%a{f‘%%' S)\'/\lnojlt‘zo pol ylfl%g%yant eis
preferablgq%ﬁ%%géayei ht or nore Furthernnrg,.the concegtration of an

et hyl eni c& [Nt TP YPETD A e Widotd POTYOFErASHe resin (11) is
preferably wthin a range from1l to 5 eq./kg. (3) Colloidal silica Colloida

silica as a third essential conponent used in 25 the radiation curable
aqueous coating _caqonposition of the present invention is obtained by

di spersing negd???@lﬁkgﬁﬁFbéEWQﬁHﬁthﬁ% silica particles in water in the
formof colloid. I .1 JAN 2006 25 Am nes nay  be added .to obtain a s&ably

di spersed st at &Soft NI BIHalCLR L 1?ﬂ¢r%§¥ﬁ% et P nBeHYTEA L CaRY1¥61Foi dal

silica can be_ used, but nore.preferred is colloidal silica, whichis 5
surf ace-t F88t €& WS¢ -al umi num because of its inproved dispersibility.
Exanpl es of colloidal silica, which is  surface-treated with al um num

i ncl ude " Snowt &XEP LYSreufdtd HBHE By NseH e 65N Endb¥EPles Ltd.). The

anmount_ of colloidal silicais preferably within a
10 propylene glycol, diethylene glycol, cyclohexane-1,4-

dimethanol, 1,3-butylene glycol, 1,4-butylene glycocl,
neopentyl glycol, 1,6-hexanediol, 3-methyl-1,5-pentanediocl, 2-
ethyl-1, 3~hexanediol, 2-butyl-2-ethyl-1,3-propanediol, 2-
methyl-1,8-octanedicl, 1,9%-nonanediol, cyclohexyl dimethanol,

15 bisphenol A, bisphenol F, hydrogenated bisphenol 2,
hydrogenated bisphenol F, and castor oil-modified diol.

The glycols further include glycerin, triol such as
trimethylolpropane, tetracl such as pentaerythritol, and
castor oil-modified polyol.

20 Examples of the polymeric polyol include polyester
polyocl, polycarbonate polyol and polyether polyol. The
molecular weight of the polyol is preferably within a range
from 500 to 5,000 in terms of a number-average molecular
weight.

25 Examples of the polyester polyol include polyester
polyols obtained by the addition reaction and/or the

condensation reaction of one or more monoepoxy compounds



10 range from 3 to 60% by wei ght based on the nonvol atile content of the
radi ati on curabl e aqueous coating conposition in view of an inprovenent in
sol vent resistance, while the amount is nore preferably within a iéd@ﬂzmmom
5to 25% by weight in the case in which the degreasing solution resistance
is thought as 15 inportant. (4) Preparation of radiation curable aqueous
coating conposition The radiation curable, aqueous coating conposition of the
20 present invention can be obtained by dissolving or dispersing a

phosphoric id ester co und_ (1), -an.agueo pol yur et hane_ ., resin, (11 nd
col | oi dal %?f?%%?%ngﬁﬂmangggﬁsmggpﬁéﬁf}%¥ eegéﬁ%5h§%ﬁa\ﬁﬁneﬁgy%a%%é%ﬁ%¥f
conposed of water, put ¢ontain.an organi.c sol vent. as long as it can

di ssol ve d?th%%'dW§BQY§eg?§€lﬁﬁ spiGEre tgleéﬁkﬁc%égﬁxﬁﬁnFﬁﬂ)?Lthe agueous
pol yur et hane resin Ili and col |l oidal :silica heneggb [ addjtiop to water,
and the orgahy N6y vedtYEAAYbe CAPBTr r AAMIY 11 91 YFAN YAOGE 28 %%t ed within
t he above range of conditions. The content of the organic solvent in_the
radi ati on Thrabiel agtieetisabdafi /gL YeoAPpISIEYdn Sitd &8t &flerdldiX, 594 ¥ et ght or
| ess in aspects of safety and health as well as |ess environnent al

pol | ut Pon.eHt9h {mengfathesed by theldgudensnpsnpatetthend Fasts mne )of

di cycl ohexyl net hane-4, 4' -dii socyanate is preferably used as the

pol yi socydifat@du conpblihdaii®) obecausaorecprédbesat vgifds mr wedichg particul arly
excel l ent sol vent resistance can be obtained. 10 If necessary, additives and
auxili ari enlsuthicdesraedl attod fpohymediphralie rdberrers aqiall atuon as

pol yneri zabl e oligoners, publicly known radiation curing polynerization
initiatorgdipublacly, kaoehaiesknidenpebitrionsc iamanc pliasts asidaner
coupling agents, diluents, surfactants, plasticizers, waxes, 15 hydrolysis

i nhi bi t or sreemi 5t fpelghas puekicngsagent snhydefidasetde ramtii sxicdants, and

anti bacterial agents can be incorporated. Furthernore, inorganic powlers
such 88 siilldarantipomdersciand abunaphahatokborants aswdch raseduibltiic] yakdmolmi dly.es
and pignents; rust-preventive pignents and rust preventives may be 20

i ncor por ateed,a lifcyetessasyybasic acids or anhydrides thereof such as

hydrophthalic anhydride and dimethyl-1, 4-
cyclohexanedicarboxylic acid, in addition to the polyols
described above.

15 | Furthermore, polyester polyols obtained by the ring-
opening polymerization of g-caproclactone and B-methyl-5&-
varelolactoné.

Examples of the polycarbonate polyol include
hexamethylene pblycarbonate polycl obtained from 1,6-

20 hexanediol as a raw material, polycarbonate dicl made of 1,4~
butylene glycol, polycarbonate dicl made of neopentyl glycol,
polycarbonate diol made of 3-methyl-1, 5-pentanediol, and
peclycarbonate diol made of 1, 8—-nonanediol.

Specific examples of the polyether polyol include

25 polyalkylene glycols such as polyethylene glycol,

polypropylene glycol and polytetramethylene glycol. Among

these, polytetramethylene glycol is particularly useful to



These additives can be added in the case of preparing the coating
conposition. As disclosed in Japanese Unexam ned Patent Applicatio?,‘ghgﬁ@
Publ i cati on No. Hei 8-259888, when the additive is introduced befo é
inversion into water 25 in the preparation of the aqueous pol yurethane resin
(I'l') used in the present invention, the additive can be easily m xed even
if it is a water-insoluble compound. 1 123AN 2006 27 When using a silane
coupling agent as the additive, high boiling resistance can be obtai ned. The

addi tion tihgneefe Gane ddProve tbeistonageastabhbi Bxgekakhagcealiidon
conposition. The silane coupling agent preferably ﬁas a functional 5 group

havi ng afE%%H%%d%bé*%ﬂ%lg“&ﬁl%&ébnﬁﬁg0fﬂ@”%8rﬁ§%§ﬂh@& ofa@ﬁea%o%kKQ%ys'lane
group having affinity or reactivity with an inorganic materi al

ol ecul e. £Speci fic exanpl es thereof include vinylsilane such as
vi nyl tri methoxysil ane, vinyltriethoxysilane, or vinyltris(p- 10
nmet hoxyet hoxy) si | ane; (neth)acryl oyl oxysil ane such as y
(nethacryloyloxypropyl)trinethoxysilane or y-

(et hagr Y1 oyl 0xpr,gpYL LIRLIN ol APt ool | 0. £pRXPLLING SHE e dSceq

p- (3, 9- epoxycycloh yI ri oxys Iane
2'myﬁ1)§f’|xé%r e el 5 1 B e %%%%%%%S??éﬁr GOppnet! BLOR TavEG
ya 2?Fé%%%&éﬁ%&°§%§tab&”§m¥%”€ CPRLOP QBLLELID OKtal B0 M
orecent Fhient FOR S i AL s lh@?ﬂﬁ%i@%véﬁebiaﬁdﬁid used
e pfgf»f«ﬁ;az&% b%gfezsgzaf R
B e RS AR U S TR T R PSRRI,
Wi thin a %ox roJAIE 2(0m0e6thz)8ac; rfaqrt]:gbgrlljé h C}rcg}? ggg/o Ey met h:[acl?:aigcii:e?n the
nonvol at i PEATOXYPIOPY Y Y ybuty y
monohydroxy di(meth)acrylates such as glycerin
di (meth)acrylate and LIGHT-ESTER G-201P (manufactured by
KYOEISHA CHEMICAL CO., LTD.}); monohydroxy triacrylates such as
15 pentaerythritol triacrylate; monochydroxy pentaacrylates such
as dipentaerythritcol pentaacrylate; dihydroxy
mono (meth)acrylates such as glycerin mono(meth)acrylate; and
compounds obtained by the addition polymerization of these
compounds with ethylene oxide, propylene oxide,
20 tetrahydrofuran or e-caproclactone.
The compound further includes products obtained by the
Michael addition reaction of polyfunctional acrylates such as
trimethylolpropane triacrylate, pentaerythritol tetraacrylate
and dipentaerythritol hexaacrylate and dialkanolamines such as
25 diethanolamine, diisopropanclamine, dipropanolamine and

dibutanolamine or monoalkylalkanolamines such as

methylethanolamine, ethylethanolamine and methylpropanolamine.



content of the aqueous coating conposition in order to inprove the boiling
resi stance and the storage stability. (Coated netal material) 5 The coated
nmetal material of the present invention, conprising a netal material and a
coating filmformed on the surface of the netal material, the coatiggnNfm
being formed by curing the radiation curable aqueous coating conposition
with radiation, will now be described. 10 That is, regarding the cured
coating filmon the coated netal materi &1 of the present invention, the
phosphoric acid ester group bonded chemcally to the aqueous resin has the
affinity or chefeatolbpndndgfuothhe sorfadesohatliife ursttdlangrmtadrtiainahdal so
crosslinked by the polynerization of an 15 ethylenically unsaturated doubl e
bond due tredatriadts ati bsowythateadcahtehnifo swa .o dylee dter mpdbuwwatiangidd | m
is not only cured by the polynerization of the ethylenically unsaturated
doubl e bomd fheardrex | readt ationew t Bueadaat iepphlatioral s fdsdadanatadhared due
to the affinity or chem cal bonding of the 20 phosphoric acid ester group to

the surfaeeigfidiwe detabcyanteei al thThenedated xvet@inoatearn )alcof1dde fesent
invention is wused in various purposes, and the cured coating filmis forned

on t hes surdcaem Jfot fed PuhBesealysHEEACENPr Breehicen idbtdieWPL:of uses in
prevention for adhesion of fingerprint, lubricating steel plate, priner, and

coating fideRdtel mhdghHOr 0P s8aanatbewt hhckneskef1the @y ed- coating film
is not 1 1 JAN 2006 29 specifically limted and nay be deci ded according to

the purpeedaldy then&asraRb1LAPALLEI Ng the fingerprint resistance and the
| ubricity, the thickness of the cured coating filmis preferably within a

range fromabout 1 to 3 pm In the case 5 of requiring to secure the
conductivity such as grounding, snaller thickness ranging fromabout 0.5 to

Lpmis preferreds) Bxamphes; of ot heqiebal mBusti-alkriael udg monferrous netal

materials such as titanium copper, "alumnum “and zinc, in addition to steel

materi@l s. Thege Rl fBLgbaabe PRYpLLind0aABLELERL WROSE SWHACE ire Lopt ed
with a coating dagent of netal, a netal conpound,” non-netal” or a m xture
thereof. (11) will be described below. First, a compound (a) having a
group capable of forming a salt, a di- or pclyfuncticnal
polyisocyanate compound (b) and a polyol compound (c} are
mixed so that excess isocyanate groups exist, thus obtaining

15 an isocyanate group-terminated polyurethane prepolymer.

The reaction between the hydroxyl group and thé
isocyanate group can be conducted at a temperature within a
range from 20 to 120°C with or without using a solvent which
does not react with the isocyanate group.

20 At this time, a proper amount of publicly known
polymerization inhibitors and urethanization catalysts can be
added, if necessary.

Examples of the polymerization inhibitor include
hydroquinone, tertiary butyl hydroquinone, and methoguinone.

25 As the urethanization catalyst, for example, dibutyltin

dilaurate, stannous octcate, triethylamine, N,N-

dimethylbenzylamine, sodium hydroxide, and diethylzinctetra (n-



As the coating agent, a netal coating agent can be used such as zinc,

ni ckel , copper, chromum tin, lead, alumnum iron, or an alloy thereof; a
met al - based coating.agent 15 prepared by dispersing silica, alumna,{ JAN 2006
pol yet hyl ene glycol or amne in the netal coating agent; a netal conpound
coating agent such as zinc phosphate, magnesi um phosphate, or alumna; and
a non-netal coating agent such as ceramicg; graphite, resin or a mxture
thereof. A coating |ayer can be formed on 20 the surface of the netal

material by a §Q§Eg@5 $Rraying.Qr  Rlating method using these coating agents.
In the casé of et af’ naterlaP coated with a coating agent containing zinc,

nanely, a netal terial _.coated wth inc, an allaoy of zinc .and another
netal, or a zi n]éggtl)ﬁpBﬁiﬁéefgegugﬁ écs‘,e‘Elzclzcncmpk‘{"éls5’hr % lé:m)sr?gl‘aeerftalwn%an}ér%%l S
coated with thes ating agents, when a coating filmis formed b pl yi ng
Che radi AFORE cLPabie A4UEGEEConLryPeompaLi TR ST (e 35 es et A48 ) Ak
2005 30 invention to this tal material and the ured,, it is possible to
obtai n a CHSTH ot HPt it oFREY THPER s g e REATHEES of the
coating film excellent solvent resistance, excelleqF adhesion to the netal
materi dl, FEXYRt FEAL ScoF FESPENIrELSEENCE SATE Ex c AU SroriatiiFrty. The
netal material nay be a netal material having, on the surface, an inorganic
coating fiToRPDt WRE bYiplEMEoatithi§t MY le st isisciE Shromate treatment, |ike
the prior art. As the material in the coated netal material of the present
10 i nvent ithwl Aer APl AEPBRI al TRF TR RO2FhoPHaRPEVEBAE AGNT PEMIEES HeNFsed.
In the case of a netal material containing zinc on the nmetal surface, it is
bel i eved t¥atia phBRpReEiLeNaci d conpound is likely to react with zinc. The
use of such a netal 15 material exerts the effect equal to or higher than
that in the caSeedf beifglsOByaéeréq £6CHPCHESHENE tEfe@RMTSaMe ef f ect
of the adhesion to the netal material and the solvent resistance of the
coati hg fiRFgPeHEreTsianrepfFeed vfthhéhepregeruncdnviéeit gy, inche making it
possi bl e to avoid problens 20 such as toxicity and environnental burden of
hexad chr Gy {Net BRHLY opnFaRuFaéedr PRy P Sabed Crettiusnieddingl )1t possible

to obtain a polyurethane prepolymer which has an ethylenically
unsaturated double bond and/or an isocyanate group at a
molecular chain ﬁerminal and also has a group capable of

15 forming a salt.

In the reaction of introducing a group having an
ethylenically unsaturated double bond, or in another reaction
after introducing the group having an ethylenically
unsaturated double bond, polymerization inhibitors such as

20 hydroquinone, tertiary butyl hydroquinone and methoquinone are
preferably used.

Then, the group capable of forming a salt in the
polyurethane prepolymer is neutralized and the prepolymer is
dispersed in water to prepare a water-organic solvent mixed

25 solution.
Examples of the basic compound capable of neutralizing

the carboxyl group listed as an example of the group capable



The nethod for manufacturing a coated netal material of the present

i nvention, conprising the steps of applying the 25 radiation curable aqueous
coating conposition on the surface of a nmetal material, vaporizing?&JéBaWﬁnt

conponent in the coating conposition to forma coating film and irradiating
1 1 JAN 2006 31 the coating filmwth radiation, wll now be described. The

nmet hod for manufacturing a coated netal erial wusually conprises: (1) the

step of renoving stain of the netal surface, thereby 5 inproving t he

wettability.and adhesion tin 0si for pubI cly
known steﬁ%fo %Wk%?iﬁesaggg §§§|ﬁ oS %P&lplck Fhﬁfﬂfan ﬁasglng, maéhlng,
hot water _rin |n and, O|IS 2 t he step of e- tr at ment for i nproving
the wettabift Pahy aaﬁé 8%*8% hEVEE5t Png™ ﬁB §ﬁ - tor €xXanpl e, the

step of a bI|cI nomn eat nent _s ch a mat e atnent treatnent
wth 21 ne e Lt Pat e %eaﬁrﬁl ﬁf&sgﬁﬁtém TH5S piat Hey 1et

doubl e oxi de coatlng treat pent or isp Iac nt dep05|t|on t r eat nent of N| or
Co, or the st of PAENEFRALABALS Ei‘é‘@d Fﬁe(’fg&&aﬁ%ﬂeonal(kéf) e s dgrgres
appl yi ng or adherln the coatin nposition _onto the surface of the netal
material, (4" the %IW?—‘HBY%IE‘@BC’@%h@&ﬁ&@F“iPﬁg FREtE IR I H ATHE ¢ ARG ng
conp05|t|on on the surface of the netal material,. 20 (5) the heatlng step
for accel &ihRNeHRORORERGYEBREPPON 2NR bﬁﬁé¢c€&@ﬂﬁg”§6ﬁ%ﬁ%ﬁ%|%ﬁF (&) the
step of irradiating with radiation for acceleratin the curin reactlon in
the coati rfjieinpositippctArd Perhersvieés endpAdidanilagieetietal materi al

previously to 25 accelerate aforenentioned step (4) and/or aforenentioned
step (5).Ma9thadeyhetfod for manufacturing a coated netal material 1 1 JAN
2006 32 of the present invention, a radiation curable coating filmcan be
formed on the sﬂrefl’aceao‘FWﬁélh’é#angnﬁﬂéﬂﬁialdllwoééfeﬁg itheatgepy (B), (4) and

(6) as_an indispensable step in conbination
10 organic solvent is added, if necessary.

Examples of the crosslinking agent include aliphatic
amine such as ethylenediamine, piperazine, N-
aminoethylpiperazine, hexamethylenediamine, hydrazine,
diethyltriamine, triethylteramine or tetraethylenepentamine;

15 alicyclic amine such as cyclchexylenediamine,
isophoronediamine or norbornanedianiinoethyl; aromatic amine
such as tolylenediamine, xylenediamine, phenylenediamine,
tris(2-amincethyl)amine or 2, 6-diaminopyridine; and
aminosilane such as vy-aminopropyltrimethoxysilane,vy-

20 diaminopropyltriethoxysilane, N-B-(amincethyl)-y-
aminopropyltrimethoxysilane or N-B-(aminoethyl)-y-
aminopropylmethyldimethoxysilane.

Examples of the ketimine compound include ketimine
compounds ﬁroduced by dehydration of primary amine such as

25 'diamine or triamine and isobutyl ketone.

According to another method for crosslinking or chain

extension of the aqueous polyurethane resin (II) using the



with other steps. 5 The sequence of these steps is not specifically [imted
and may be sel ected and decided according to the purposes and kinds of the
treating chemcal. Since the curing reaction of the radiation cuf &hlA¥ 2006
aqueous coating conposition of the present invention proceeds by radiation,
af orenenti oned step 10 (6) is required. The coating conposition can be
designed so that the «curing reaction pregeeds by irradiation with

ultraviolet [|ight, which requires conparatively cheap equi pnent cost and
running cost, AMPRY fthesg fadidld ons s b Tiheh$tepe£8) 1 8f papphyiBaycan be
conducted% %gf g&arrptgh by a publlcf§ kﬁ%mn met hod suchpas roll coatlng,

curtain 60akiAge ik Gont, %ésor o KON D150 £0abb Gt ion prepared

electrodep03|t|on coating e step (4) of vaporizing the sol vent

can be cog ugted 130 ?[/a% Rﬂté rﬁ é“&lﬂ @§%9h£cd5mgnth95 air

heat i ng, duction heé: iTTadi atl o T ar ed y and far infrared
ray, ultr sonlc V|br ti cgp gted, for
exanpl e, hgld tcmef hoﬁlnég ease hf ée}?% a a&lu%g gﬁeast ep (4).

25 Th steB g %tls .a 3% of |rrad|at|ng mnth radi ation, and regardi ng the
coatl 76t A ¢ it Ctir abl e aqueous coati ng conposition, the resin

inth t | d by 1 2006, 33 | inking due.
v Lhe ot oL s eirer by, 5 A1 o1 1T bFsr bl rght.

| ect b X- t at | |t | et
i Ght | or BRCEEr B S8 PigaAo T et hd Cists T th UHS B 0B RGoR| FREPSUEHT od by

irradiati w th el ectron bea rization initiators.a not reqU|red
The coatlﬁBuFl PkERT Be St BVyﬂﬁ?%ﬁﬁQu??1 q%@?%se?%cFﬁbﬁanan1of a
total dose of 5.0 200 kG amgrefe bly, 10 10 to 100 kGy, i ? EE ghere of
a gas cont&i ﬁFn8l§p§ﬁ§HO % rF%ﬁaQﬂﬁl?ﬁH? ﬁﬁspa ﬁﬁgﬁ 787 using
an el.ectron |rr%g ating apparatus of an accel eration voltage of 20 to 2000
KeV, P ef EF8HPY (180 't o 300 KeV.

By using dicyclohexylmethane-4,4’-diisocyanate
(hereinafter referred to as hydrogenated MDI) as a portion or
all of the di- or polyfunctiocnal polyisocyanate compound, an
aqueous polyurethane resin (II) using hydrogenated MDI 1is

15 obtained and the aqueous polyurethane resin (II) using
hydrogenated MDI is preferably used because of its excellent
solvent resistance. A ratio of the hydrogenated MDI to the
whole polyisocyante is preferably 25% by weight or more.
Furthermore, the concentration of an ethylenically unsaturated

20 group of the aqueous polyurethane resin (II) 1s preferably

within a range from 1 to 5 eq./kg.

{3) Colloidal silica
Colloidal silica as a third essential component used in
25 the radiation curable aqueous coating composition of the
present invention is obtained by dispersing negatively charged

amorphous silica particles in water in the form of colloid.



In the case in which the coating filmis irradiated with 15 ultraviol et
light, it is cured in an air or an inert gas atnobsphere using a nercury |anp
or xenon lanmp as a light source. In this case, photopolymerizationq JaAN 006
initiators are added. The photopol ynerization initiator can be arbitrarily
selected 20 from publicly known substances. The anmpbunt can al so be
arbitrarily selected and is, for exanple25mﬁthin a range from about 0.2 to
20% by wei ght, and preferably fromO0.5 t0710% by weight, based on the

nonvol at i ont ent tin 0sSi n e n be
conductedhﬁ %Fhenhéi od o egilﬁga WP t%b%%t%??éggaeéchéZé 8? the steps
(4) and (5% |f|%_cond|t|ons of the respectlve processes nmay be 1 1 JAN
2006 34 af }&8 K& ected. In the case in which a coating filmis

formed on the surface of the nmetal pateri al .the radiation curable
aqueous coatln&nc&ﬁﬁoﬁﬁﬁ%ﬁ??ﬁlQW&PE&%%EH?“Yﬁﬁ%%?gﬁa ftﬁ% 5C308?Pnﬁeme|ght
may be deci ded according to the purposes._ For ur poses revention of
finger pri HE&€4 an&uluH?FEhfFﬁJegﬁﬁﬂﬂl%r&%ﬁl°%¢ﬁgc%bifﬁ@ c%ﬂbﬁglf?on is applied
so that the _cured coating filmhas a thickness within a range from about 1
to 3 pm IBrER&GFpILESatrRk Wﬁftééearﬂtur'i”rﬂ})é‘?m%cww Mow b Hé%’égi’%@d
specifically by way of the follow ng Exanples. First, Synthesis Exanples of
t he aqueoB&3B8iydrétiane r@§?ﬁpéﬁﬁ)oés&@%%?H9ﬁ§[ﬁ%%&ﬁﬁ w5 Gthveht i on and
aqueous pol yuret hane resin (11) using hydrogenated MJ are described and
speci f i cafPyfagprairsedesy vigintaagiiy 1E%amﬂ%%yqean§QPWQQ¥ﬂ%e fol | owi ng
Exanpl es, parts and percentages are by weight unless otherw se specified. In
the fol | oWRAGUEBCHEEEF Bi S SarhEhABicEs) t Jn Hetiot £35S al Gar tner vi scosity.
Synthesis Exanple 1 In a reaction vessel equipped with a reflux condenser, a
ni trogen introdléi BFotnle odndod ktictatoristlekca 219 paefergply within a

10 range from 3 to 60% by weight based on the nonvolatile content
of the radiation curable aqueocus coating composition in view
of an improvement in solvent resistance, while the amount is
more preferably within a range from 5 to 25% by weight in the
case in which the degreasing solution resistance is thought as

15 important.

(4d) Preparation of radiation curable aqueous coating
composition
The radiation curable agueous coating composition of the
20 present invention can be obtained by dissclving or dispersing
a phosphoric acid ester compound (I), an agqueous polyurethane
resin (I1) and colloidal silica in an agueous solvent.
The aqueocus solvent is basically composed of water, but
may contain an organic solvent as long as it can dissolve or
25 disperse the phosphoric acid ester compound (I), the agueous
polyurethane resin (II) and colloidal silica therein, in

addition to water, and the organic solvent can be arbitrarily



25 pol yoxyet hyl ene glycol (WMh = 600), 19.6 parts of 2, 2-

bi s(hydr oxynet hyl ) propi cnic acid, 34.4 parts of polyester diol (neopentyl

gl ycol adipate: M1 = 500), 4.4 parts of 1 1 JAN 2006 35 trinethyl ol piQgpRIIeds
9.7 parts of butylethyl propanediol, 83.8 parts of Takenate 600 (manufactured
by Takeda Chem cal |Industries, Ltd.: hydrogenated XDl ), 154.3 parts of

met hyl ethyl ketone and 0.008 parts of dibputyltin |aurate were 5 charged
with stirring and heated to 70C over 0.5 hours, and then the reaction was
conduct ed 7 L Qr hqur ;& et
tert-butylﬁ%ﬁ%gaéﬁn%?§?£§4F§ep§?F§ebFEE%%Hf&E%$€%%E§§ﬁ§5(Eﬁﬁhfﬁ%?ﬁ?ﬁh‘%&
KYCEI SHA CAL_CO , D. d : r f Nﬁg t Y, e)

wer e addeg?ﬁ@a%rg% l%f?8?$F8%|§§i%g%a§ﬁﬁﬁﬁégéﬁ in rggg%fﬂéhﬁf%é %@gg%ﬂgir
introducing_ tube, the reaction cenduct ed . in.at, 70.to 75C hour s
whi |l e addi%%mﬁgﬁhth%?tlepFS%FFQ%EFy$Hy§Vb§Eﬁ%%%eCﬁbéﬁfﬁ1#ﬁnﬁ%@?%géﬁggin a
sol ution of pol yuyret hape resin. .15 14.7 parts of triethyl am ne. and 516.1
parts of pﬂ?geﬁﬁtﬁgg 5EP§g§r§8u§Fﬂ9 &&diﬁsﬁoepﬁ LA %y ot U ?%%?'After
allowng to stapnd at 30C for 2 hour 0.5 parts of Surfinol AKO2
(nanufgctured bgnhf %hFH“%ﬁ@ﬁ?éaP%l%&ﬁsFﬁW§?W§lﬁoaﬁ%f3th%%% LRty sht met hyl
et hyl ketone maf distilleﬂ of f quer,ZO reduced pressure at 50C to obtain, as
a transpar@htYFLoueayimghnangedud "soiderayagpts radiPRS Gt tranteedqitous

pol yurethane resjn, (lI1) having a nonvol atile content of 29.3% .a soljd
content of “3fh BRt¥ vaf @n6F64%9§pR€PdndP§,bﬁcégﬁﬁn@rcqﬁ dHAY 9 {iiﬁ and
an unsaturated group concentration_of 25 1.9 eq./kg. Synthesis Exanple 2 1 1
JAN 2006 362VIRd aP7EREEHOAL Vs SSCCeqE HpER e afersgﬁW%r&Péhs‘%?, a
nitrogen introducing tube and a thernmoneter, 3.2 parts of pol yoxyethyl ene

gl ycol (MPREB05Y- 42.6 parts of lactone polyester diol OD X-2155 (Mh = 970,
nanufiﬁtured by DAINIPPON 5 I NK & CHEM CALS, INC.), .21.14 parts of 2, 2-

bi s(di-Hydr oxynethyt§butanbyec agfdtives paFt §ugfliaries such as radiation

polymerizable monomers, radiation polymerizable oligomers,

publicly known radiation curing polymerization initiators,
publicly known resin compositions, amino-plasts, silane
coupling agents, diluents, surfactants, plasticizers, waxes,
15 hydrolysis inhibitors, emulsifiers, leveling agents,
defoamers, antioxidants, and antibacperial agents can be
incorporated. Furthermore, inorganic powders such as silica
powders and alumina; colorants such as publicly known dyes and
pigments; rust-preventive pigments and rust preventives may be
20 incorporated, if necessary.

These additives can be added in the case of preparing the
coating composition. As disclosed in Japanese Unexamined
Patent Application, First Publication No. Hei 8-259888, when
the additive is introduced before phase inversion into water

25 in the preparation of the agueous polyurethane resin (II) used
in the present invention, the additive can be easily mixed

even if it is a water-insoluble compound.



but yl et.hyl propanediol, 22.9 parts of castor oil LMR (manufactured by HOKOKU
CORPORATI ON), 47.4 parts of hydrogenated MDI, 170.9 parts of nmethyl eth
ketone and 0.02 10 parts of stannous octoate were charged wth stiﬂrih@“éﬂ@
heated to 70C over 0.5 hours, and then the reaction was conducted at 70 to
75C for 3 hours. Then, 28.8 parts of hydrogenated XDl (Takenate 600) was
added and the reaction was conducted agaipyat 70 to 75C for 15 one hour.
Then, 0.2 parts of nethoquinone, 40.3 parts of LIGHT- ESTER G 201P

(manufactured b hgxqgé?%gcg{gq Qup Ry ) 2 5886 Qsltﬁér5§d9ﬁi§hénﬂgeﬁan

I
octoate were adde n ter replacing a hitrogen introducing tube

air int rOdB%iirl]gnqu’%’det earr?@i%rcﬁﬁtgé)a%lly\?a;iﬁé)@? i nl"'!'%j m{'i@rrl Otfj}QefgoFSC,can The

reacti on was conducte 0 ours addi ng 0.04 part

Lort;but vl Rydhogui aane and 0, 4. pari & of . £ DoUS,  ORLOBLELBIEE o8 hour s (o

obtain a sO ron of a’po ane er c 14. 4

t f trieth ' d 53 t f d
Posul ting sol ut {68 = ARLEr SiTHY 0. S Pa (e SF B Yo S aR02 0 FiaGrAct ur ed by
1 1 JAN 2006 37 , N sshi enmi cal | ndustri Co. td, hyl hyl. t
vas i St 1 PEAUH PATARG: LR pEoSin e B 500 tb OBl APRECHSE ASEPhAEhar ont
| i qui d, an_aqueous _sol uti.on of a radiation curable agueous pol yureth pe
resin (Il)aﬁgvﬁﬁga&iﬁ&¥ﬁﬁ W?(gﬁ?Qﬁnﬂiﬁﬁn%faéé?%@§ya §0F?8cgbﬂggﬁtw6$ an

acid value of ,39.3 KOH /g,. a Gardner viscosity of U and an unsaturated
gr oup con%8n9P8F98H15fﬁgﬁéiﬁﬁil&f ULAHF HY L ogenat ed MDI. Synthesis Exanpl e

3 10 In a reaction vessel equipped with ref] ux condenser, a nitrogen

it roduci ng.t ubBEBR] A% A TSP hatel Bhe TBory bRy ctRGl SHEPgRScol (M
= 600), 42.4 rts of ol yt et ranmet hyl ene, gl ycol PTM3GL000 (M =_1000,

Tanuf net ur BATBYE M FSORTSIT. M CAL 514806 par tong t9os (s

bi s(di hydr oxynet hyl ) but angi.c acid, 2Q.6 parts of castor oil _ LMR

Cranuf Aot (PBHD B HERBRY, CRRPEFAT| 1L 75 5 1o X 675 1 RY8r BYERalBAYIDI , 153.9

r f hyl hyl n n
parts o n?%eXhaE%yXoyﬁ%&%ﬁ%é%y f%é%%ethoxysilane or y-

(methacryloyloxypropyl)methyldimethoxysilane; epoxysilane such
as pB-(3,4~epoxycyclcochexyl)ethyltrimethoxysilane, vy-
glycidoxypropyltrimethoxysilane, or y-

15 glycidoxypropyltriethoxysilane; aminosilane such as y-
anilinopropyltrimethoxysilane or y-aminopropyltriethoxysilane;
y—mercaptopropyltrimethoxysilahe; and alkylsilane such as
isobutyltrimethoxysilane, n-decyltrimethoxysilane, or n-
octadecyltrimethoxysilane.

20 As the silane coupling agent to be added to the present
inventicn, y-{(methacryloyloxypropyl)trimethoxysilane can be
used particularly preferably because of its excellent boiling
resistance.

One or more kinds of silane coupling agents can be mixed

25 previously or added separately. For example, aminosilane and
epoxysilane can be added after previously mixing. The amount

can be selected arbitrarily, but is preferably within a range



parts of stannous octoate were charged with stirring and heated to 70C over
0.5 hours, and then the reacti on was 20 conducted at 70 to 75C for 3 hours.
Then, 0.2 parts of nethoquinone, 29.3 parts of LIGHT- ESTER G 201P

(manuf act ured by KYOEI SHA CHEM CAL CO., LTD.) and 0.1 parts of sthabess
octoate were added, and after replacing a nitrogen introducing tube by an
air introducing tube, the 25 reaction was continued again at 70 to 75C. The
reaction was conducted for 10 hours whil e2&dding 0.04 part of
tert-butyl-hydroquincne and 0.04 parts of stannous I 1 JAN 2006 38 ' octoate
every 4 hofirsmt abehttaion la tsolaftd dry ofeiahiolherest hameche esdmvo Mt eiecool ing to
30C, 12.7 parts of triethylamne and 477.0 parts of pure water were added to
the resul ttagtbnsobut itor asAfieeiusaddiang r T oqardssi oforSuifi | aodle AKO2 improve
(rmanuf actured by N sshin Chem cal Industries Co., Ltd.), nethyl ethyl ketone

was distiltrd pbfiundere=aducedepresswne sdorafe totapihiny. as a transparent
| i quid, an aqueous solution of a radiation curabl e pol yurethane aqueous 10

pol yur et hane rescBatlkl) mRawinthaa axanrmgl atil e content of 30.0% a solid
content of an acid value of 44.2 KOH ng/g, a Gardner viscosity of V-W and

an unsat urated greupceeReeRdtali aatefrial. 2eGHKGrasdig Povytiet sanet hyl ene
glycol and hydrogenated MDI. 15 Next, the evaluation results of coated metal

materials cémyamphas) awﬂre%_rarretetitleune@]doré Rl et at b Bfle §UEADE Be
aqueous coating conpositions of the present invention, prepared by using

aqueous polyurgtbape el hellh) nalaiingd ivhe UG SflEmnpées lréPmddto a
nmetal material and curing, will 20 be explarned together with Cbnparatrve

Exanpl es. Eyapplefglihe 4adfammanaicdue e &ouls thak 1y aceRpdaneeomi th
Tabl e, 1, radiation curabl e aqueous coating conposition containing a

phosphor i ¢, agh drg8t 8k 135 , CQTRAUAG( b, Gakcaqueeus pol yurethane resin (11) and
colloidal silica were prepared (Exanples 1 to 4) . As Conparative Exanples,
radi atipon curabtg;80¥80US -¢RHLAG ¢PRPRSIONSatlin IANKAS the coated
metal material of the present invention, the phosphoric acid
ester group bonded chemically to the aqueous resin has the
affinity or chemical bonding to the surface of the metal
material and also crosslinked by the polymerization of an
15 ethylenically unsaturated double bond due to irradiation with
radiation. To sum up, the formed coating film is not only
cured by the polymerization of the ethylenically unsaturated
double bond due to irradiation with radiation, but alsc firmly
adhered due to the affinity or chemical bonding of the
20 phosphoric acid ester group to the surface of the metal
material.
The coated metal material of the present invention is
used in wvarious purposes, and the cured coating film is formed
on the surface for the purpose of surface protection in view
25 of uses in prevention for adhesion of fingerprint, lubricating

steel plate, primer, and coating film requiring no top coat.

The thickness of the cured coating film is not



39 which do not contain a phosphoric acid ester conpound (1) or coll oidal
silica, were prepared (Conparative Exanples 2 and 3). As Conparative Exanple
of an aqueous pol yurethane resin 5 which has not an ethylenically
unsaturated group and a salt group in a nolecule and al so has gooEI:I'H)'—“\l'lUDB
wor kabi lity, an aqueous wurethane resin "SPENSOL: L-512", manufactured by
DAI NI PPON | NK & CHEM CALS, INC.) used in ggcoating conposition for
prevention of |eaving fingerprints was use@.” This resin has a 10 nonvol atile
as r et hane”

content of 30% .In T a}e 1, this is, describe n_"agueous pol
(Cbnparativépﬁféﬁﬁﬁgi)Y HW%?W%@&EE%FW%YC%%D %%h?%go?ﬁﬁgfgﬁaﬁ Eﬁe*gaueous
resin are as described in Table 1. Units of, alulnu rical values other than
per cent ages PRFEOSESrs BY WBPgRESe18 Tkaymert PR 109 PR T AL B RsT P Ce
manuf actured by NI PPON KAYAKU CO., LTD. lrgacure 184: 1-hydrox czﬁLihexyl
phenyl ketoﬁ@da§hepH6FﬁﬁdP§ﬁbH§ﬂﬁi?ﬂﬂ?¥ﬁ??%l%#,th%nﬁ?EE?uFﬁatbég rha™ 13
Specialty Chemcals 20 NUC-Silicon A-174:

y- et hacr yl BEXSBESPYILLYT it HoX isidade alstomi fpiet chbubPi AghBgent? HaRUFAE ur ed
by N ppon Unicar Co., Ltd. Snowex-C: colloidal silica treated with

al um num  RANGFEELEEEY PP NSSSEe A Py pSt vY e3UER d2S AgtaE8A1897: wat er
di spersion ol efin wax, manufactured by Big 25 Chem e, Japan FZ-3153:

si | i cone englgilégrmamdicdoEsced ang INIpporPlUngleait b tetd. 11 isJBRNCI006°40

O Q@ ONONOCC ;00 'HH

Examples of the metal material include non-ferrous metal
materials such as titanium, copper, aluminum, and zinc, in
addition to steel materials. These metal materials may be

10 material whose surface is coated with a coating agent of
metal, a metal compound, non-metal cr a mixture therect.

As the coating agent, a metal coating agent can be used
such as zinc, nickel, copper, chromium, tin, lead, aluminum,
iron, or an alloy thereof; a metal-based coating agent

15 prepared by dispersing silica, alumina, polyethylene glycol or
amine in the metal coating agent; a metal compound coating
agent such as zinc phosphate, magnesium phosphate, or alumina;
and a non-metal coating agent such as ceramics, graphite,
resin or a mixture thereof. A coating layer can be formed on

20 the surface of the metal material by a thermal spraying or
plating method using these coating agents.

In the case of a metal material coated with a coating
agent containing zinc, namely, a metal material coated with
zinc, an alloy of zinc and another metal, or a zinc compound

25 such as zinc phosphate among metal materials coated with these

Coating agents, when a coating film is formed by applying the

radiation curable aqueous coating composition of the present
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invention to this metal material and then cured, it 1is
possible to cobtain a coated metal material which has high
surface hardness of the coating film, excellent solvent
resistance, excellent adhesion to the metal material,
5 excellent corrosion resistance and excellent workability.

The metal material may be a metal material having, on the
surface, an inorganic cocating film formed by pre-coating
treatment such a chromate treatment, like the prior art. As
the material in the coated metal material of the present

10 invention, a metal material with no inorganic coating film can
be used.

In the case of a metal material containing zinc on the
metal surface, it is believed that a phosphoric acid compound
is likely to react with zinc. The use of such a metal

15 material exerts the effect equal to or higher than that in the
case of being subjected to a chromate treatment in the effect
of the adhesion to the metal material and the solvent
resistance of the coating film, that is an object of the
present invention, thus making it possible to avoid problems

20 such as toxicity and environmental burden of hexad chrome.

(Methed for manufacturing coated metal material)
The method for manufacturing a coated metal material of
the present invention, comprising the steps of applying the
25 radiation curable agueous coating composition on the surface
of a metal material, vaporizing a solvent component in the

coating composition to form a coating film, and irradiating
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the coating film with radiation, will now be described.
The method for manufacturing a coated metal material
usually comprises: |
(1) the step of removing stain of the metal surface, thereby
5 improving the wettability and adhesion of the coating
composition, for example, publicly known steps of alkaline
degreasing, acid pickling, sand blasting, washing, hot water
rinsing and pelishing,
(2) the step of pre-treatment for improving the wettability
10 and adhesion of the coating composition, for example, the step
of a publicly known treatment such as chromate treatment,
treatment with zinc phosphate, treatment with iron phosphate,
phosphating treatment, double oxide coating treatment or
displacement deposition treatment of Ni or Co, or the step of
15 treatments used in combination,
(3) the step of applying or adhering the coating composition
onto the surface of the metal material,
(4) the drying step of vaporizing the solvent in the coating
composition on the surface of the metal material, .
20 (5) the heating step for accelerating the curing reaction in
the coating composition,
{(6) the step of irradiating with radiation for accelerating
the curing reaction in the coating composition, and
(7) the step of preheating the metal material previously to
25 accelerate aforementioned step (4) and/or aforementioned step
(5).

In the method for manufacturing a coated metal material
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of the present invention, a radiation curable coating film can
be formed on the surface of the metal material by using the
steps (3), (4) and (6) as an indispensable step in combination
with other steps.

5 The sequence of these steps is not specifically limited
and may be selected and decided according to the purposes and
kinds of the treating chemical. Since the curing reaction of
the radiation curable aqueous coating composition of the
present invention proceeds by radiation, aforementioned step

10 (6) is required.

The coating composition can be designed so that the
curing reaction proceeds by irradiation with ultraviolet
light, which requires comparatively cheap equipment cost and
running cost, among these radiations.

15 The step (3) of applying can be conducted, for example,
by a publicly known method such as roll coating, curtain
coating, dip coating, spray coating, brush coating,
electrodeposition coating or the like.

The step (4) of vaporizing the solvent can be conducted

20 by a publicly known method such as air drying, hot-air
heating, induction heating, irradiation with infrared ray and
far infrared ray, ultrasonic vibration or the like.

The step (5) can be conducted, for examplé, by the method
of heating the metal material used in the step (4).

25 The stepl(6) is a step of irradiating with radiation, and
regarding the coating film of the radiation curable aqueous

coating composition, the resin in the coating film is cured by
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crosslinking due to irradiation with radiation such as
ultraviolet light, visible light, electron beam, X-ray or the
like.

The radiation is preferably ultravioclet light or electron
beam.

In the case in which the coating film is cured by
irradiation with electron beam, polymerization initiators are
not required. The coating.film can be obtained by irradiating
with electron beam of a total dose of 5 to 200 kGy, preferably
10 to 100 kGy, in an atmosphere of a gas containing a small
amount of oxygen or an inert gas atmosphere, using an electron
irradiating apparatus of an acceleration voltage of 20 to 2000
KéV, preferably 150 to 300 KeV.

In the case in which the coating film is irradiated with
ultraviolet light, it is cured in an air or an inert gas
atmosphere using a mercury lamp or xenon lamp as a light
source.

In this case, photopolymerization initiators are added.
The photopolymerization initiator can be arbitrarily selected
from publicly known substances. The amount can also be
arbitrarily selected and is, for example, within a range from
about 0.2 to 20% by weight, and preferably from 0.5 to 10% by
weight, based on the nonveolatile content of the coating
composition.

The step (7) can be conducted by the method of heating
the metal material described in the steps (4) and (5).

Specific conditions of the respective processes may be
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apprepriately. selected.

In the case in which a coating film is formed on the
surface of the metal material using the radiation curable
agqueous coating composition of the present invention, the

5 céating weight may be decided according to thé purposes. For
the purposes of prevention of fingerprints and lubricating
steel sheet, the coating composition is applied so that the
cured coating film has a thickness within a range from about 1
to 3 um.

10
Examples

The present invention will now be descfibed specifically
by way of the féllowing Examples. First, Synthesis Examples
of the aqueous polyurethane resin (II) used in the present

15 invention and aqueous polyurethane resin (II) using
hydrogenated MDI are described and specifically explained by
Synthesis Examples 1 and 2.

In the following Examples, parts and percentages are by

weight unless otherwise specified. In the following

20 descriptions, the viscosity denotes a Gardner viscosity.

Synthesis Example 1
In a reaction vessel equipped with a reflux condenser, a
nitrogen introducing tube and a thermometer, 2.4 parts of
25 polyoxyethylene glycel (Mn = 600), 19.6 parts of 2,2-
bis{(hydroxymethyl)propionic acid, 34.4 parts of polyester

diol (neopentyl glycol adipate: Mn = 500), 4.4 parts of
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Manuf acture of coated netal material Using the coating conposition and

aqueous urethane resin thus prepared, a coating filmwas fornmed %n Nﬁ@
[N Y

surface of a netal material by the nethod described below 5 As
material to be coated, a 0.8 mmthick electrogalvanized steel sheet wth no
pre-coating treating |ayer (hereinafter referred to as a non-treated
el ectrogal vani zed steel sheet), a 0.8 nm i ck gal vani zed steel sheet with
no undercoat |ayer (hereinafter referred to 10 as a non-treated %glvanized
steel sheettyrimedhy Il rmwane ck?- éhparhs edf (bvaYilAGhNRPFRP2NEEGEE 16 v n2
reduced to netal chrom um basis) electrogal vani zed steel sheet were used.
Wth respeetrtico athdatrnateated (arvahpzedrstdebly Fh&eda &hemscalpreventive
oil filmof the sheet was renoved with nethyl ethyl 15 ketone before use. In
Exanpl es 1 InZusid i sand-tChnparadiveckExbepl 8812, ahd433 partsardd mestall
mat eri al was manufactured in the follow ng manner. Using a drawdown rod #3,
a radi ati oetdtwylaldes capueousd 0 cd@8 | pgreonpdsdibohyhainndaaradeveleats | e cont ent
of 20% was 20 applied on each of the netal materials so that a cured coating
filmhds achhirgkress tdf sthiout irdg pand floéddaddtby7df ¢i nyeat 086Chofuars, 2 amidnut es
by an air dryer. Using a 120 Whi gh-pressure nercury lanp, a coating film
was cured hyienr ntaei atd=ott Wit hwas conducted at 70 to 75°C for 3 hours.
Then, 0.05 parts of tert-butylhydroguincne, 44.3 parts of
LIGHT-ESTER G-201P (manufactured by KYOEISHA CHEMICAL CO.,
LTD.) and 88.5 parts of MEK (methyl ethyl ketone) were added,
10 and after replacing a nitrogen introducing tube by an air
introducing tube, the reaction was conducted again at 70 to
75°C for 10 hours while adding 0.04 part of tert-
butylhydroguinone every 4 hours to obtain a solution of a
polyurethane resin.
15 14.7 parts of triethylamine and 516.1 parts of pure water
were gradually added to the resulting solution. After
allowing to stand at 30°C for 2 hours, 0.5 parts of Surfinol
BKO02 (manufactured by Nisshin Chemical Industries Co., Ltd.)
was added and methyl ethyl ketone was distilled off under
20 reduced pressure at 50°C to obtain, as a transparent liguid,
an agqueous solution of a radiation curable aqueous
polyurethane resin (II) having a nonvolatile content of 29.3%,
a solid content of an acid value of 40.5 KOH mg/g, a Gardner

viscosity of U-V, and an unsaturated group concentration of

25 1.9 eq./kg.

Synthesis Example 2



ultraviolet light of a dose of 130 mJ/cnR2 (conveyor speed: 10 25 m. In
Conparative Exanple 1, using a drawdown rod #3, an aqueous coati ng

conposi tion having a nonvol atile content of 1 1 JAN 2006 42 20@%wp§ﬁp@m§ied
so that a cured coating filmhas a thickness of about 1 pm followed by
drying at 200C for 2 mnutes by an air dryer. In Exanple 3, after applying
and drying in the sane 5 nanner as in Exd&fles 1 and 2 and Conparative
Exanples 2 and 3, a coating filmwas cured by irradiation with el ectron beam
of a dose of 30Kk@y (greyloatvamsatceheraprdnwitht ageedflukbsondénsimg an

el ectric curtain manufactured by Iwasaki Electric. "Non-treated

el ect r ogaindaniesh sieetogbheetg” tubaoandOat teatredmgalevanizzed rstreed stheet s" and
"chromat ed el ectrogal vani zed steel sheets" described in Table 2 and Table 3

denot e 0. ommd:hieknh Dené reayedielgat sogabyaniized pheels oghdetctor: 8 mm t hi ck
non-treated gal vani zed steel sheets and 0.8 mm chromated el ectrogal vani zed

steel shegls,ydaspecdiyel yp-452105t hensel vent mnesuThancecdesty DFoatEboret al
materials nade of the non-treated el ectrogai vani zed steel sheet and the

chroned ed 1gixect raagal vami gedrgt egl sheet p@&esuggdg,bn.the adhesi on test and
the workability test, coated netal materials made of the non-treated

gal vani zegist @elh whestymd ey DpPuLnb i eakedaqel ectir paakwanisrzed steel sheet and
the chromated el'ectrogal vani zed steel sheet were used. Ethanol as an extra

pure reagent Was pBs-dpaddiei 81 hapol o pestst arceakest, owhi hgrxet hyl et hyl
ketone as an extra pure reagent was used in the MEK resistance test. 25 The

sol vent rqgi=shanca daSd KIeehrokeatoR BBRARIOREST 1y | 4t Beradhesion test (grid
peel ing test using celloﬁ%ane adhesive tape), the workability test |I (grid

Erichsen workaRidrdded MpPAN 2006 ﬁért&eélk?m?gﬂ?lv\@ft@ﬁi hiel Yol Sind lao.(d‘zOI di ng

test using vice), the workability test | eep drawing test), th
degreﬂﬁlnaaﬁ%HlHﬂ(Hkéﬁﬁ6@§a&&@oé@étwefédckﬁﬁgeer&Q%hoﬁt&%§ﬁ%ba%%% test of

the cured coating filmwere conducted in the foll ow ng
heated to 70°C over 0.5 hours, and then the reaction was
conducted at 70 to 75°C for 3 hours.

Then, 28.8 parts of hydrogenated XDI (Takenate 600) was
added and the reaction was conducted again at 70 to 75°C for

15 one hour.

Then, 0.2 parts of methoguinone, 40.3 parts of LIGHT-
ESTER G-201P (manufactured by KYOEISHA CHEMICAL CO., LTD.) and
0.1 parts of stannous octoate were added, and after replacing
a nitrogen introducing tube by an air introducing tube, the

20 reaction was continued again at 70 to 75°C.

The reaction was conducted for 10 hours while adding 0.04
part of tert-butyl-hydroguinone and 0.04 parts of stannous
octoate every 4 hours to obtain a solution of a polyurethane
resin.

25 After cooling to 30°C, 14.4 parts of triethylamine and

530 pérts of pure water were added to the resulting solution.

After adding 0.5 parts of Surfinol AK02 (manufactured by



5 procedures. The results are shown in Table 2 and Table 3. Sol vent

resi stance test (mechanical rubbing test) Test pieces of a coated netal
material in size of 5 x 13 cmwas nade and 0.8 g of an absorbent cotton was
nounted to a 10 head of a rubbing tester, Type | (manufactured by 4T 'Nﬂaﬁ

Rl KA KOGYO Co., Ltd.) while being surrounded with a gauze in size of 4.5 X
3.5 cm and after inpregnating the absorbgr)t cotton wth a solvent, each
test piece was rubbed predeternmined times~'(10, 20, 50 and 60 tinmes) under a
| oad of 300Q,g.. Then, it was 15 judged whether or not the subﬁt riaﬁ(e i s exposed
in accor daié&Shhnt hhema cfdl I%\ﬂ“{ﬁ’glr‘ﬁ &9 a. Wh@' bxgBERAY hoFEI¥A FETRBE
observed, and | ess rubbing mark is observed 0: Any exposed portion_ s not
observed, Baf dofblidBEi /G IndiEes rUYBER VI PSUIGNRF| 2P r ackCoPPEabstr 4fe i s
exposed. X: The coati ng iis exposed as a result_of peeling off. Adhesion test
(grid peel #ngréespagsnig léauishhaie sty es2bEape) oA grradt266°8quar es per
cn?) of 11 by 11 lines, each at a 1 1 JAN 2006 44 distance of 1 mMm was
scrat ched tnreéhéecagiienyg st Hohwir edduine testinpi eEk) oranievat eBOREPAR LAREeri al
at the center portion, wusing a cutter knife. Then, a cell ophane adhesive
tape was apptéetd ofi BReO§ri ¢ avd ipbetwtwit gfapinll ycidheatneacsdf 3Phé BOH
coating filmremaining on the grid was determ ned and i ndicated by

per cent agemg Xor kabBkirtipetresti scqdidiy iafg U, g@nd & iwvhsehunetdbokpty test) In
the sane manner as in the nethod of formng a grid, a 10 grid was formed on
the centercpncenbnathat iof 3 .dmeawadkd,r o ingheredcbofneteth ¥edt piece of a
coated netal material in size of 5 x 13 cmboiled previously for 3 hours,
and then the center portion of the grid was extruded by 5 cm using an
Erichsen testing machine. In the sane manner as descri bed 15 above, the grid
portion waSypeketetlsobkampileg 3a cel | ophane adhesive tape and then the area of
the coating filmremaining on the grid was determ ned and i ndi cated by

per ceitage. In a reaction vessel equipped with a reflux condenser, a

nitrogen introducing tube and a thermometer, 1.5 parts of
polyoxyethylene glycol (Mn = 600), 42.4 parts of
polytetramethylene glycol PTMG1000 (Mn = 1000, manufactured by
MITSUBISHI CHEMICAL CORPORATION)}, 18.6 parts of 2,2-

15 bis(dihydroxymethyl)butanoic acid, 20.6 parts of castor oil
LM-R (manufactured by HOKOKU CORPORATION), 70.9 parts of
hydrogenated MDI, 153.9 parts of methyl ethyl ketone and 0.03
parts of stanncus octoate were charged with stirring and
heated to 70°C over 0.5 hours, and then the reaction was

20 conducted at 70 to 75°C for 3 hours.

Then, 0.2 parts of methoquinone, 29.3 parts of LIGHT-
ESTER G-201P (manufactured by KYOEISHA CHEMICAL CO., LTD.) and
0.1 parts of stannous octoate were added, and after replacing
a nitrogen introducing tube by an air introducing tube, the

25 reaction was continued again at 70 to 75°C.

The reaction was conducted for 10 hours while adding 0.04

part of tert—butyl—hydroduinone and 0.04 parts of stannous



Wrkability test Il (folding test using vice) 20 Using a test piece of a
coated netal material in size of 5 x 15 cm it was bent by 180 while facing
the coated surface outward. A T setting sheet having the sane thhq#&mq@%of
the test piece was prepared and bent while gripping with a vice. he case
where the nunber of sheets to be inserted is 0, 1, 2 25 or 3', the synbol
or', "1iT", "2T" or "3T" is described in %%e tabl e, respectively. The bent
portion was subjected to the cell ophane hesi ve tape peeling test and the
maxi mum nunber 1 1 JAN 2006 45 of T setting sheets where no peeli occurs
was taken HEeHTE | AUBXYof TRETFOFRaBPLALY qNﬂ%Lﬂﬁquyp{e%tp?fYUf%Q%%n%ramjng
test) 5 After cupping was carried out at a drawratio of 2.0 w thout
appl yi ng |1fb¥ieating oil, a grid (25 squares per cn2) of 6 by 6 lines, each
at a distance of 2 nmm was scratched in_the coating fi]lmof each test piece
at the trunk pdtfion, coasing hocaft €r Rei-fle PaTien ofa el ¢ dphatiel 2RI ve t ape
was 10 applied on the grid and peeled off rapidly. The area of the coating
filmremaifihd arerhe gfi BuRasvaéeeer memed aagsed itrditdd etk B prgent age.
Degreasing solution resistance test 15 After heating a degreasing sol ution
prepar d Belulissol vigas gdéina Gelyreastagoigént fECo448F Omanuf act ured by
Ni hon Parkerizing Co., Ltd.) in 1 L of deionized water to 45C, each test
pi ece in simwfastwrdd bm Yfisahdvatbdmierdl Indatsriias vas- 4 nedised in the
degreasing solution for 3 20 mnutes. After each test piece was washed with
wat er and medrhiyed, ethel skatenef weheddeatiildgdf idirh waslas steddgedbser vadre 0: 0O:
No change is observed in the state of the coating film before and after
test. Peelatof5@te toatbhgihil asi s thsespedenX :1iCpsdtd,ngrdidanésupartial ly
di ssolved. 1 1 JAN 2006 46 Corrosion resistance test

solution of a radiation curable polyurethane agueous

10 polyurethane resin (II) having a nonvolatile content of 30.0%,
a solid content of an acid value of 44.2 KOH mg/g, a Gardner
viscosity of V-W, and an unsaturated group concentration of
1.5 eq./kg, using polytetramethylene glycol and hydrogenated
MDT.

15 Next, the evaluation results of coated metal materials
(Examples) which are obtained by applying radiation curable
agueous coating compositions of the present invention,
prepared by using aqueous polyurethane resin (II) obtained in
Synthesis Examples 1 to 3 to a metal material and curing, will

20 be explained together with Comparative Examples. '

Examples 1 to 4, Comparative Examples 1 to 3
In accordance with Table 1, radiation curable aqueous
coating composition containing a phosphoric acid ester
25 compound (I), an aqueous polyurethane resin (II) and colloidal
silica were prepared (Examples 1 to 4). As Comparative

Examples, radiation curable agqueous coating compositions,



In accordance with the procedure of a salt spray test defined in JIS Z 2371,
an aqueous 5% NaCl solution was sprayed 5 over each test piece in size of 5
X 15 cmof a coated metal material at an atnospheric tenperature of 134kt 2806
the evaluation was perforned using a percentage of the areas in which white
rust occurred after 72 hours in accordance with the following criteria. 10
(c): Percentage of the areas in which whi® rust occurred is | ess than 10%
Percentage of the areas in which white rust occurred is wthin a range from

10 to 20% QniRer centrage @finden ad edscé Phyhi ehavbiit estust conpuuned (i1$ ow thin
a range from20 to 30% X: Percentage of the areas in which white rust

occurred '%ol@%ﬁﬁ%ﬁ'Hﬂfiéa]-wgwé%QP@péfeM (CAdmPOArE i ROXKXXAXXXs 2E4new U N
-H N (aCD0 O000000OXO0000XO0 roti N

3).
As Comparative Example of an aqueous polyurethane resin
5 which has not an ethylenically unsaturated group and a salt
group in a molecule and also has good workability, an agueous
urethane resin “SPENSOL: L-5127, manufactured by DAINIPPON INK
.& CHEMICALS, INC.) used in a coating composition for
prevention of leaving fingerprints was used. This resin has a
10 nonvolatile content of 30%. In Table 1, this is described as
an “agueous polyurethane” (Comparative Example 1).

The respective components other than the aqueous resin
are as described in Table 1. Units of all numerical values
other than percentages are parts by weight.

15 Kayamer PM21: phosphoric acid ester, manufactured by NIPPCN
KAYAKU CO., LTD.
Irgacure 184: l-hydroxycyclchexyl phenyl ketone as
photopolymerization initiator, manufactured by Ciba Specialty
Chemicals

20 NUC-Silicon A-174: y-methacryloxypropyltrimethoxysilane as
silane coupling agent, manufactured by Nippon Unicar Co., Ltd.
Snowtex-C: colloidal silica treated with aluminum,
manufactured by Nissan Chemical Industries Ltd.
Aguacer 537: water dispersion olefin wax, manufactured by Big

25 Chemie, Japan

FZ-3153: silicone emulsion manufactured by Nippon Unicar Co.,

Ltd.
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Tsovocca) a) a- o NNNNNNNNC) r IN NNNNNNNNNQ N R-H H H- H H-r 1- H HN- H CCCCCCCCCl-' C
roomronrtrtroldUyro - lai7 -W 1~ T3 1, 5 1)5 1)'C7r > 1)d > J' OI7 E&J\@e
-CLJ> Nrl Qri al U Cl 4D) U/Nrl NN NO)-1 w1 Nl NN Nrl NNw A q N
Ud M a, mW~ro a)4 Jou ma,rooa) N+ i ro (1) +) rorotT.r.(t OL-C~ro
t~.Ccc b"rotD) tT-Nt7)rCN b).i.a) b),L"ro b)Cro Nro LT, r' a) o nNo UN O
V)(1) o NNOU(DOOa) OUa) O000(L) QAIUN .-INOU) )-1 4%-1 NH S1 NN
NS-1 34fa N)-1 NSi 1-13-1 Ca 1-1 43 '"Haril-) 1.1 rl4_1 +) rl11l) 4-1
"i-111 ro MIdufdctraglol to@ &kdNbetaW mbtaytiall a)l U U a)l UUW U U
0)1 0O NCa) a)C (D NCa) a)CN a)CNNCU)U)C NNC N NCNNrl a)C N a) O 1-)
cO,-1 NOf 1-)Bfad 2O daa)iy tekPositdpl Endo agOO ok st)ur@ it dd)eN N rl)
UNUN V)a) NUN UDb U() U a) U NNNNNOOCOO

thus prepared, a coating film was formed on the surface of a

1
t
a >
r

3-
Ht)
W a) l
Or-1
a) N
metal material by the method described below.
5 As the metal material to be coated, a 0.8 mm thick
electrogalvanized steel sheet with no pre-coating treating
layer (hereinafter referred to as a non-treated
electrogalvanized steel sheet), a 0.8 mm thick galvanized
steel sheet with no underccat layer (hereinafter referred to
10 as a non-treated galvanized steelrsheet) and a 0.8 mm thick
chromated (coating weight: about 10 mg/m® reduced to metal
chromium basis) electrogalvanized steel sheet were used. With
respect to the non-treated galvanized steel sheet, a rust
preventive oil film of the sheet was removed with methyl ethyl
15 ketone béfore.use.
In Examples 1, 2 and 4 and Comparative Examples 2 and 3,
a coated metal material was manufactured in the following
manner. Using a drawdown rod #3, a radiation curable agueous
coating composition having a nonvolatile content of 20% was
20 applied on each of the metal materials so that a cured coating
film has a thickness of about 1 um, followed by drying at 80°C
for 2 minutes by an air dryer. Using a 120 W high-pressure
mercury lamp, a coating film was cured by irradiation with
ultraviolet light of a dose of 130 mJ/cm® (conveyor speed: 10
25 m).

In Comparative Example 1, using a drawdown rod #3, an

aqueous coating composition having a nonvolatile content of
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20

25

20% was applied so that a cured coating film has a thickness
of about 1 um, followed by drying at 200°C for 2 minutes by an
air dryer.

In Example 3, after applying and drying in the same
manner as in Examples 1 and 2 and Comparative Examples 2 and
3, a coating film was cured by irradiation with electron beam
of a dose of 30 kGy (grey) at an acceleration voltage of 165
kV using an electric curtain manufactured by Iwasaki Electric.

“Non-treated electrogalvanized steel sheets”, “non-
treated galvanized steel sheets” and “chromated
electrogalvanized steel sheets” described in Table 2 and Table
3 denote 0.8 mm thick non-treated electrogalvanized steel
sheets, 0.8 mm thick non-treated galvanized steel sheets and
0.8 mm chromated electrogalvanized steel sheets, respectively.

In the solvent resistance test, coated metal materials
made of the non-treated electrogalvanized steel sheet and the
chromated electrogalvanized steel sheet were used. In the
adhesion test and the workability test, coated metal materials
made of the non-treated galvanized steel sheet, the non-
treated electrogalvanized steel sheet and the chromated
electrogalvanized steel sheet were used.

Ethanol as an extra pure reagent was used in the ethanol
resistance test, while methyl ethyl ketone as an extra pure
reagent was used in the MEK resistance test.

The solvent resistance test (mechaﬁical rubbing test),
the adhesion test (grid peeling test using cellophane adhesive

tape), the workability test I (grid Erichsen workability
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test), the workability test II (folding test using vice), the
workability test III (deep drawing test), the degreasing
solution resistance test, and the corrosion resistance test of

the cured coating film were conducted in the following

5 procedures. The results are shown in Table 2 and Table 3.

Solvent resistance test (mechanical rubbing test)
Test pieces of a coated metal material in size of 5 x 13
cm was made and 0.8 g of an absorbent cotton was mounted to a
10 head of a rubbing tester, Type I (manufactured by TAIHEI RIKA
KOGYO Co., Ltd.) while being surrounded with a gauze in size
of 4.5 x 3.5 cm, and after impregnating the absorbent cotton
witﬁ a solvent, each test piece was rubbed predetermined times
(10, 20, 50 and 60 times) under a lcad of 300 g. Then, it was
15 judged whether or not the substrate is exposed in accordance

with the following criteria.

©: Any exposed portion is not observed, and less rubbing mark 1is
observed

oF Any exposed portion is not observed, but some rubbing mark is
observed.

A Small trace of substrate is exposed.

X The coating is exposed as a result of peeling off.

Adhesion test (grid peeling test using cellophane adhesive

20 tape)

A grid (100 squares per cm’) of 11 by 11 lines, each at a



rnoOf ff Q00O it HHOONN XNN W W Hu) N nooHHdQOO i t HHOOLAN XNN W W HL ~NOCOON
\QaOO \ roHHN XNN Wa) HNLO 00O f f d400 ooNN (NN W HU) H' OHa) HU) Ha)1 1 JAN 2008
a) N\INa) Na) NN rua) O(Da) C43C4 JCx3C4JC NroUyroUyrotofaUy N -0 a aJ'O b a
-i-)'60a 1-+bt ? aJ' OV 1-) O OVWHOof O 4 QGa) 270H WO' OM\H OW OCCH W
A30Jj NO~-O+) 010) 4- )W fU. NO+~ro WA-O+)rota mNra MCro Nro t\.Crp Nra U.Crp Nra
b).Cb Nbo b).CWHO Ou)U HWO Na)O O Vv]34.-IWOV)W-HO O r/) HCl-i s-aH
CH HH CH Hl-i Cd-1 HH CH 44 J-) O1PPPHP rONN~j N roJ-)J-)+)Ho It 11{JH]-) ra
1, 43+~H a diprnee cpfolOmma WesOSAragched) ig tdhegcriey film of each
test piece of a coated metal material at the center portion,
using a cutter knife. Then, a cellophane adhesive tape was
applied on the grid and peeled off rapidly. The area of the

5 coating film remaining on the grid was determined and

indicated by percentage.

Workability test I (boiling - grid Erichsen workability test)
In the same manner as in the method of forming a grid, a
10 grid was formed on the center portion that is 3 cm away from
the end of each test piece of a coated metal material in size
of 5 x 13 cm beociled previously for 3 hours, and then the
center portion of the grid was extruded by 5 cm using an
Erichsen testing machine. 1In the same manner as described
15 above, the grid portion was peeled off using a cellophane
acdhesive tape and then the area of the coating film remaining

on the grid was determined and indicated by percentage.

Workability test II (folding test using vice}

20 Using a test piece of a coated metal material in size of
5 x 15 cm, it was bent by 180° while facing the coated surface
outward. A T setting sheet having the same thickness of the
test piece was prepared and bent while gripping with a vice.
The case where the number of sheets to be inserted is 0, 1, 2

25 or 3, the symbol “0T”, “1T”, “2T” or “3T” is described in the
table, respectively. The bent portion was subjected to the

cellophane adhesive tape peeling test and the maximum number
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of T setting sheets where no peeling occurs was taken as an

index of the workability.

Workability test III (deep drawing test)

5 After cupping was carried out at a draw ratio of 2.0
without applying lubricating oil, a grid (25 sguares per cm?)
of 6 by 6. 1lines, each at a distance of 2 mm, was scratched in
the coating film of each test piece at the trunk portion,
using a cutter knife. Then, a cellophane adhesive tape was

10 applied on the grid and peeled off rapidly. The area of the
coating film remaining on the grid was determined and

indicated by percentage.

Degreasing solution resistance test

15 After heating a degreasing solution prepared by
dissolving 18 g of a degreasing agent FC—448O (manufactured by
Nihon Parkerizing Co., Ltd.) in 1 L of deionized water to
45°C, each test piece in size of 5 x 13 cm of a coated metal
material was immersed in the degreasing solution for 3

20 minutes. After each test piece was washed with water and

dried, the state of the coating film was visually observed.

O - No change is observed in the state of the coating film
before and after test.

A Peel of the coating film is observed.

X Coating film is partially dissclved.
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Corrosion resistance test

> JIN ~4000XX0HAX ~

11 JAN 2006

In accordance with the procedure of a salt spray test

defined in JIS Z 2371, an aqueous 5% NaCl solution was sprayed

over each test piece in size of 5 x 15 cm of a coated metal

material at an atmospheric temperature of 35°C and the

evaluation was performed using a percentage
which white rust occurred after 72 hours in

the following criteria.

©: Percentage of the areas in which white
less than 10%

O: Percentage of the areas in which white
within a range from 10 to 20%

A Percentage of the areas in which white
within a range from 20 to 30%

X s Percentage of the areas in which white

30% or more

of the areas in

accordance with

rust occurred is

rust occurred is

rust occurred is

rust occurred is
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As is apparent from Table 2 and Table 3, since all test
pieces of Comparative Examples were rated “X” in the ethanol

resistance test (60 times rubbing) and the MEK resistance test
(60 times rubbing) that are most severe solvent resistance

5 tests among these tests, while the test pieces of Examples 1,

3 and 4 were rated “O” and the test piece of Example 2 was

rated A", the coating films using the aqueous coating

composition of the present invention are superior in solvent
resistance.

10 As is apparent from excellent ratings in any of the
coating film adhesion test, the workability test I, the
workability test II, the workability test IIT and thé
corrosion resistance, the respective Examples are not only
superior in solvent resistance, but alsc superior in adhesion,

15 coating film adhesion after severe working, chemical solution
resistance and corrosion resistance.

As is apparent from the results of the resistance test,
the adhesion test and the workability test, the metal material

4

having no chromated ccating film exerts the effect egqual to or
20 higher than that in the case of being subjected to a chromate
treatment in the effect of the adhesion to the metal material

and the solvent resistance of the coating film.

INDUSTRIAL APPLICABILITY
25 The radiation curable aqueous cocating composition of the

present invention is an agueous coating composition which is
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and Table 3, since all test pieces of Conparative Exanpl es ver ey RAfARGDIEX" i n
the ethanol resistance test (60 tinmes rubbing) and the MEK resistance test
(60 tinmes rubbing) that are nost severe solvent resistance 5 tests anong
these tests, while the test pieces of Exaagples 1, 3 and 4 were rated "O' and
the test piece of Exanple 2 was rated "A", the coating filns using the
agueous caatdHlgyy £oNPoshili 08 ehphbeepbESenb rioRmiemt iwalt karey sipert @imdrt sol vent
resistance. 10 As is apparent fromexcellent ratings in any of the coating
filmadhesiran diesdh hhe pekabehtt ¥thesbll rehiet anekabid idycdEsdnd IMER he
workability test Il and the corrosion resistance, the respective Exanpl es
are not ondekiSeFd OrwhiDcHOLYEDNE hESi BhaReeaibely dSahsURerigyr dd#t adhasi on,
15 coating filmadhesion after severe working, chem cal solution. resistance
and corrosd;Q:resiStaMeesiAs t8 ARPALERL akromikhe thepd (e Lfed haadesd sdance
test, the adhesion test and the workability test, the nmetal material having
no chrgmat,ed gpatd ng,{iLm exestsutbe; gf £egk;aguabrlR <k 12 i ghalcithan that
in the case of being subjected to a chromate “treatnent in the effect of the
adnesi on t.0,d:N% et als ML LI4EL o306:HB8, Sahueah hBS!SANGRAfs theneoat T ng
coated metal material of the present invention is a coated

metal material comprising a metal material and a coating film
formed on the surface of the metal material, the cecating film
10 Dbeing formed by curing the radiation curable aqueocus coating,
and has high solvent resistance and excellent adhesicn,
particularly adhesion after working té the surfacé of the
metal, and is suitable for use in various working purposes

such as severe deep drawing.



| NDUSTRI AL APPLI CABI LI TY 25 The radi ati on curabl e aqueous coating conposition
of the present invention is an aqueous coating conposition MhicﬂéhﬁN%m$ JAN
2006 52 highly safe and is capabl e of inproving working environ , and
whi ch has excell ent ethanol resistance and excellent MEK resistance, which
could not be attained by the prior art, and excellent adhesion to various
articles to be coated, and also 5 whidRA is suitable for use in coating
conpositions, coating agents, inks, primer coatings, and anchoring agents.
The coated netal material of the present invention is a coated netal
material conprising a netal materiatpangiq coating film forned on the
surface of the netal material, the coating film 10 being formed by curing the
radi ati on curabl e agueous coating, and has high sol vent resistance and

excel | ent adngsion; .. PaktLeulard Yo AANEN ORANLEr MpLKLAg; Lo the surface of
the netal, and s suifable for use in various working purposes such as
severe deeppdiawigny. 1 1 JAN 7006 53 CLAIMS 1. A radiation curabl e aqueous
coating conposi.tion_,conprising:. (1) a phosphorig¢.aci.d ester conpound havi ng
an et hyl eni cal'l'y *uRS8rRIFaf &4 %%h%l%ﬁ?ﬁ#qu ‘%H“gﬁﬁﬂﬁfmbﬁnl to 30 nass %to
t he nonvetayléei €ontenirs ofurtdie Ccapesket beAd (R) aBnaagueduss ppl yairst hane
resin having both an ethylenically unsaturated double bond and a group
capabl e B#55forR ng*% MO ladnd § $PPEEPESi 84l F8RI FEEPPRI BRCRNoUNt of 3 to 60

mass % to theanonyohatibbescent entstRind hee LoMmEsiitiPhot? afkhe radiation
cur abl e aqueous coating conposition according to claim 1, wherein the
phosphor PENBESRIL @3tley UnripBiai@ chalpiukg cahcethgnénf car PyP upsdlkat@d doubl e

bond cogpLise orj.ciyacid esters having a (neth)acryl oyl oxy group
represen?gdh yétﬁggégﬂéfg Formula (1): General Fornmula (1) RL OO0

(3) colloidal silica in an amount of 3 to 60 mass % to

the nonvolatile contents of the composition.

2. The radiation curable aqueous coating composition
according to claim 1, wherein the phosphoric acid ester
compound having an ethylenically unsaturated double bond
comprises phosphoric acid esters having a (meth)acryloyloxy

group represented by the General Formula (1):

General Formula (1)

g 7 9
CH2=(‘:‘—COCkH2k'— (OC"CsHu})n — O P — (ORg)b
a
(OH),

(wherein R; represents a hydrogen atom or a methyl group, R:
represents an alkyl group having 1 to 8 carbon atoms, k

represents an integer of 2 to 12, n represents an integer of

|



| CHp=C- COCkH2k- (OC-CSHto)n -O O P- (OR2)b (wherein Rl represents a

hydr ogen atomor a nethyl group, R2 represents an alkyl group having 1 to 8
carbon atons, k represents an integer of 2 to 12, n represents hhJANI®Ger of
1 1 JAN 2006 54 0to 3, a+ b +c =3, arepresents an integer of 1 to 3, and
b represents an integer of 0 to 2). 3. The radiation curable aqueous coating
conposition according to claim1l, whéeéidein a portion or all of a

pol yi socyanat e conponent of the aqueous pol yurethane resin is

di cycl ohexyl net hane-4, 4' -di i socyanate. 4. The radiation curabl e aqueous
coating Qomposithon baecordi g 4 oredwddBnks wheri@itkgarpoltt ilonoof, aapel yol
conponent of the aqueous pol yurethane resin is polytetranethylene glycol.

5. The r &JFGPFBASEHT abl et AEEDUS L datihd 'conposition according to claim 1,
wherein the colloidal silicais surfacetreated with alum num 6. The

radi ati on curabl e aqueous coating conposition according to claim1, further
conpri si Bg (4¥ha spfanklORoEpT4 aYBCUS7 CORé NFadicarirea te@fabl e aqueous
coating coupeskhi0f, aecondi NGO & Ridncl, WRgr @irn Jtihe gt byl eni cal Iy

unsat urate doubl e bond 1 n the agueous pol yurethane resin is derived from
monohydr oy vdsprgehiber gdapencdt Af cdat edivretival pvdtverrieghacenpesshngsa net al
material and ,a,coat]i filmfprmed on the surface of the netal material,

t he coatFﬁgyF%PH$%¥§%§9?%¢%g%’%yq%h%%?ﬁfﬁﬁ%ge?adiation curable 1 1 JAN 2005 55
aqueous coating conposition of any one of clainms 1 to 7 with radiation. 9.

The coated netg% mat eri al accord#gg to claim8, wherein the metal materi al
[

8,.
is a nmetdl mat8Fi AFINAEHOR CoRR Hy HEERYS GPAHE % GAPREE HEREPeof .

according to claim 1, wherein a portion of a polyol component
of the aqueous polyurethane resin is polytetramethylene

glycol.

5. The radiation curable aqueous coating composition
according to claim 1, wherein the collcidal silica is

surfacetreated with aluminum.

6. The radiation curable aqueous coating composition
according to claim 1, further comprising (4) a silane

coupling agent.

7. The radiation curable aqueous coating composition
according to claim 1, wherein the ethylenically unsaturated
double bond in the agqueous polyurethane resin is derived from

monohydroxy di(meth)acrylate.

8. A coated metal material comprising a metal material and
a coating film formed on the surface of the metal material,

the coating film being formed by curing the radiation curable



10. The coated netal material according to claim9, wherein the coating
agent is zinc, an alloy of zinc and another netal, or a zinc COWEQH@S@%ll'
The coated netal material according to claim 10, wherein the netal erial
is a non-chromated steel sheet. 12. A nethod for nmanufacturing a coated netal
material, conprising the steps of applying the radiation curable aqueous
coating conposition of any one of clainf® 1 to 7 on the surface of a netal
mat erial, vaporizing a solvent conponent in the coating conposition to form
a coating film and irradiating the coating filmw th radiation.

aqueous coating composition of any one of claims 1 to 7 with

radiation.

9. The coated metal material according to claim 8, wherein
the metal material is a metal material with a coating agent

on the surface thereof.

10. The coated metal material according to claim 9, wherein
the coating agent is zinc, an alloy of zinc and another

metal, or a zinc compound.

11. The coated metal material according to claim 10, wherein

the metal material is a non-chromated steel sheet.

12. A method for manufacturing a coated metal material,
comprising the steps of applying the radiation curable
agueous coating composition of any one of claims 1 to 7 on
the surface of a metal material, vaporizing a solvent
component in the coating composition to form a coating film,

and irradiating the coating film with radiation.



