. 0123456789: ; e3e34r _ 31@@A tEE ™ 6_ Tr_ & 1 DESCRI PTI ON RADI ATI ON
.CURABLE AQUEQUS COATI NG COWPGCSI TI ON, COATED METAL MATERI AL

MANUFACTURI NG METHOD THEREFOR 5 TECHNI CAL FI ELD The pr esemw“‘mm@“\mm
relates to: a radiation curable aqueous coating conpositi

excel l ent sol vent resistance and excel |l ent adhesion to the surfa¥e of a
metal 10 material; a coated nmetal materidal with a cured coating filmof the
coating conposition, which has excell ent adhesion to the suj ta
mat eri al and excel |l ent adhesi on to DB8CBUPTECR of a netal nﬂmmmmMWMWHMHr
severe working, and excellent solvent resistance; and a nanufac;#&&pg

nmet hod 15 therefor. BACKGROUND ART To nodify the surface of neta

materials, for exanple, a plated steel sheet, a steel sheet is treated with
vari ous 20 pgg@td e aipRERLE OBQUBOUS SUOARTRGt COMPDAFTERYN CQRTEDTHETSb] ect
of the treatnent is to inprove the prevention of |eaving fingerprints,

wor kabi l'ity, cheni qadrSeInt| OANDEeBRRURACEURENG HMBTHOBI BHERESIOR ance, and

t hese properties are inproved by mainly applying an organic resin on the
surfage of 25 a steel sheet. For the case in which the netal material is
wor ked after being subjected to a surface treatnment, a soft organic resin

2 having good workability is oftemprpggrdcho FEpapt appropriate workability.
When using such a soft organic resin, it frequently becones difficult to

i mpart propert%§§ Speheas SuRkacaiandneses 3:veat ra@ibstianceurandevear
resistance. 5 Also, treatnents for formng an inorganic coating film for

exanpl e, gqgﬁgega&sart&%@t Rt 2N i@ hahesphaldelg dnteatatanint are commonl y

conduct ed. ese treatnments inpart good corrosion resistance and sol vent
resistancee but ahhe wokkabidditerts ddMedsiicl tas Wapanethoe tdf thenczsle of
using an 15 organic resin. For the case in which the netal material is

coat §¢ Wi Lh+20;9f9aRi ¢ogeald R tfdl Matldia r ganic caatiey) dodmb@ykiln of
often formed after form ng an undercoat |ayer by a chromate treatnent so as

to enhancenthe adhagi eompRIsAREHH, heHTRIA hakb et ldem arabidel on gani tthe
coating filmlayer. "However, it is reported that hexad chronme contained in

a chromat ijg ragent rand n tGatiate fid IMdri teded Temtorgitng simn anal tise an
environnentaF burden, and thus a treating nmethod is required using a

treating agertcBayicng kW 210X d i ANt fx el dvearw iwaarkend al ai2@ bur den,
whi ch replaces the chromate treatnent. However, it is difficult to devel op

a treatingyagenbntWRicQR 3aS deBi St¢idd 1 Yareth anaateid cenvingmmenied bur den
and which can ensure an adhesion equivalent to that for the case of the
chronef e theakrert.. A chemical for a coating treatnent 25 of the netal
surface which is capable of inparting sufficient adhesion could not be
obt ai ned. Therefore, a treating chem cal and a coating |ayer, which exhibit
good adhesi on, are 3 highly safe, and are highly sanitary with or w thout
chromate treatnment, are now requi r BACKGROUND ART
To modify the surface of metal materials, for example, a
plated steel sheet, a steel sheet is treated with various
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 organic 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



In the field of the working of netal materials, particularly netal sheets
such as alum num copper, and iron 5 sheets, or plated steel sheets, the
nmet al sheets have hitherto been worked after applying a lubricating oil to
the surface thereof, and are then degreased. The steps of applying a
{ubricating oil only for working, followed by working and further
degreasing are conplicated, so 10 that i2 is strongly desired to sinplify
the step of applying a lubricating oil and the step of degreasing.

Ther ef or &2 gigue! pps@ntooitalal toay i g chrposisednt é ormpar ki ABPARPERFERI C
coating filmhas been strongly desired which has a surface lubricating
function and 1 sty Pr ewesnt ingifginaidron arofa M darmict i o#s tapabt e of
wet - on-wet coating of another coating conposition, and al so has high
adhesi on gyven M hpubeboheg subfected to tmphronpreperedesestchTesobtain a
viscosity of "the coating conmposition which is suitable for coating, such as
coating PLEN DEan@s SO ¥8NveRD tyPestomténgananpesit resitaabeedi | ut ed
with a solvent has heretofore been widely used in conventional coating
conposgi tions, £pali ngragentstsandri pksmidfeansenokganier ganitdngolfuént, has
problens in aspects of safety and health as well as the working

environneat, 2p.f0i.the crsemdtearsohvrahtlispe type pbatphgtdenposition,
al though a drying step is not required, heating of the coating conposition

i's somet i{@éaﬁlﬁ%‘ﬁ“cr edrtocohhehNyac¥hatesedly ofhdde trdatmahtagimpaposition
which is suita for coating because the coating viscosity is too high at
normal te SéaﬁlfﬁésiEHrI»Bgig%ﬁcewaﬁa, tBev¥heCoskt % tianidegwered the adding a
nonomner, problemremains in that a diluting nonomer to be 5 added is
toxic to the,skip;apdibasnan,eder asWbbsBaksaskiithakheo dahte pifohisimepfart he
sol vent type coating conposition. Mreover, when using a high-nol ecul ar

wei ghty bind 5n{§s£ﬁsgg_inprove t he physical properties of the coating film
the viscosity of the coating conposition becones too high, thereby 10
making it inpogsiblget gadseisugRianhtgh- eketumar ewdiaghti sbicrdere d esithn
Therefore, it is difficult to obtain excellent physical properties of the
coating film Jonsel ¥sathagerpnab! ens, orphansi veasting &s land adeselicpent s
about an aqueols coating conposition, in which 15 the viscosity of the
coating c9ppesi FbPRe8anrbereasirhyngdpdstiadedsbag Watyerr Wy ch disrseftee and
nont oxi ¢, have recently been made. Di spersion or dissolution of a resin in
an aqueous,geghbAti soabtakBednhByndsi Becaadhspebnabletorecan tdrallnstfdaler, or a
resin 20 which has a polar group on a main or side chain and al so has

sol uhisl i ty pEasel Endi sRer sikbihiky coatwagerilmha alyatit.er Heekledi, sper sishl e or
wat er - sol ubl e resin has guaranteed conparatively excellent properties.
However, whgBrtsinghatr Bekadhavirogeacpalaingdoup ian c numlesciule agers bittder
25 resin of the coating conmposition, the resulting coating filmtends to be
inferior incwatengr €silst asceoxid sol ventniesissbance.s arb eAs i erEegst avhi ch
can conpl etely solve these problens, for exanple, problens about safety and
t he envi rienpeseh, whidl enhosi at airkiand ngheetegu ied reoysicad ywrioperai es of the
coating film aqueous radiation curable coating conpositions, coating 5
agents angréaksnhauecheenapriopgosed. tdapaneye avderearmmedd Ravantonptt@ht i on,
First Publication No. Hei 8-259888 proposes an aqueous di spersion

conpracsi nguwatar ahd chadieatliaae sc whablck nomerteg ¢lr ggdmtartd €s di spersed in
water. 10 The microgel particles are gel-like filmform ng pol yurethane
resin particl egohavieng atcriessliifrfiechlst e tdeve lop & netkdlyl g 03%¢1hki ng

pol yur et hane resins through a urethane bond or a urea bond, and the

pol yur et hgRechesial has & oxddiiati emd wr anlad letemyieminged i ya Linser deat @ad doubl e
bond and a 15 salt group. The above publication describes that the coating
filmformsagcpokyur enzane rsesiauhearitdn leeg) iom ecunttad rcHat of G0% ¢ @@®E her
radi ati on curable conpound and an initiator for the radiation curing

reacti on bHlerfien chafshattkat: ra AgUsOUS Acoatiniga20 foixl @ o trigh e xXced d egnt

wat er resi stance and excel |l ent sol vent resistance can be obtai ned by using
t hese 1 adbat k@B &erall eudferaegelhipar tisclepatdgarall esspaftihe agfiébosent
coating conposition. Japanese Unexam ned Patent Application, First

Publicati @Bhesion could not be obtained. Therefore, a treating

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



25 No. Hei 9-31150 discloses, as a conposition capable of formng a highly
crosslinked coating film a radiation curabl e agqueous pol yuret hane resin
conposition prepared by reacting a product, 6 which is obtained by the

M chael addition of a hydroxyl conpound having an active hydrogen to a
doubl e bond of a conpound having two or nore (neth)acryl oyl groups, a

pol yhydr oxy conpound having an acidic greup, and a 5 polyisocyanate as an

i ndi spensabl e conponent. Generally, a conposition having an acryl oyl group,
whi ch I's 54 ioéaEB,CHhab%EEt%igha? camientriyomalchy olreer tioedt ahramate

radi ati on curabl e conposi tion, and Japanese Unexam ned Patent Application,
First Publication, No, Hei,,10+23136Q@di scloses 10 that a radiation curable
aqueous pofyure ahe conposi tion having a nethacryl oyl group is superior in
adhesi on, chen}§a£ LeshShanee B A&k i dresetaanchateldionis)g resi stance,
and is used in oaPlng conmpositions, coating agents, and inks. Japanese
Unexam ned_Pat en | 150N, FLr, RubldLcatih @i nkin, Nesodpdr , 1 G 136h
describesp?ﬁgfcgiégﬁﬁehEQE h%gfg%F§%&%gflent sol vent regﬁfiance, excel | ent
wor kahi | i t nd excell_ent bid dot £an 1Re it ek dds Masid 1t itatd o on
cur ablFe n?%?%gﬁf 8§r %@ﬁ%g %&%%ﬁaf#% Iat'ion curabl e aqueous pol yuret hane
resin. 20 _These radiation. curahl e RUMUNELS hane ¢ E&SiHe canpRsdd | ons
are used ?ﬁeﬁoﬁ?ngdcgéggéi%f%ﬁ?gjgggkﬁﬁg)agentéﬁgand i nks because of their
excel | ent _adhesi.on _t o, an f rgﬁ?i rials (e. g., plastic filns, wood
constructFBﬁrﬁBFerFQFBa&%ﬁqﬁggbra ]ﬁgﬂ%%gers for construction materials)
and 25 inorganjc materials. (e.g.,. hetal er.al qg@_qh@g;)fégmh@ppgu§p of
their excellen#ggoﬁ$§ﬁﬁ Iy sfgggﬁeégF&thggh?%géé&%onpositions is a

radi ati on_cutabl gueous . C€Q | | N g, AN AL UEOMS] POl tal et hane
resin havffi EBHF% g’yr éi”d’.riili“&m agﬁo?;fbxfﬂetq{&rﬁﬁ% |caﬁ ygaunsatur at ed doubl e bond
and g salt oup. A coating fi t | S S ed dye radiaté ons i hdpea
solvgﬁ% rEEggtéﬁcési§%éﬁﬁgﬁ‘eék%?J¥%£q%;£%§“ ofﬁﬁgréip c&%oentr%ﬁ?ﬁn and
crosslinking_degree |ingcrease Ve, ed@ﬂ@f% angrdie asrekabi lity
tend to blﬁ:‘ug&lg g gcflagcﬁ'l%eﬁgr 0SS B n({jl]ng degr e}gn% ncreases. A salt group
and a pol ar ou st _be i e &P%§%% LD 20 aEUERUSq F &5 drganic
conpositi%ﬁyg#ﬁgggngréﬁpé§é%&%?gﬁie crossl i nking degré% of th%

conposi tign_is_i NGr.eas [ c?ﬁgﬁl' fhSaH fed 0100811 Wa SUS T E 6+ £8de SOl vent
resistancgoFSlggpgpggl3%?33%?£$I t ég%éossliﬁiing degree of the binder

resin s drgsticaliy, ING&ased 10 bt Al thedasi 1d Sohvenin15:resi stance,

t he coati ng m becones ittle. Therefore, a net sheet havi ng such a

cur ed coat,ng.fi| ma;dﬁmgt Used. rposesnd hat segthée Bbghin
morkgﬁfli 3“%&%8# carn en u?gfdramnééfwgﬁdgfhat éequire adhesi on. J%panese
Lnexam ned ajente ARP! 160 |00 Fhs SUn bl 8aé s 060 20v 8. wkehod - 298243

di scl oses, as a conposition having excellent stability of an emul sion and
good adhe%h%ﬂge%é%l%gﬁ%rgﬂf%ﬁng @r&aghahton curabl e emul sion containing a
radi ati on curabl e enul sifier which has a pol ynerizabl e doubl e bond and al so
has an ani oni c thydnaphili s 9f 98Ps sti6ho ASt e CabHOXNY goopEPsi2Bophesphbrie
acid ester group, carboxylic acid salt group, phosphoric acid ester salt
group, or &g ke rdowWeySEing! éscHidéi eohtihgrahbeprenulihbngaenulsion
type 8 conposition to be honogeni zed during the formation of a coating
fi"“éd““5ﬂﬁﬁéﬂédéﬁﬁﬂ§‘é@@@o§DV§bﬁatopb@p@ilhESd sich assslrkatehsspot hness
and gloss of the coating film as well as poor solvent resistance and poor
chem cal rRsiciANGe HeshNtedbhe esulisiancenupasibhad exhithnys
non- Newt oni an flow, the resulting coating conposition is inferior in

coat abi I i tap (hyd NG 504 | €OatiAG ageneBparad inka.hornmgeneoust wabeorgahibl e
type coating conposition. Such a drawback that the enul sion conposition is

not 10 hO’E]‘}ﬂ%rF@%éiyfﬂaP&biQﬁsfQﬁﬁabb@at@f ofhgageati agdf hemlani seswell
particularly in a thin cured coating filmhaving a thickness of several

m crons, Eﬂygjﬁgag$%kpggiQnggggnﬁghyent resistance of the coating film
poor adhesion to a base material, and poor workability. 15 Japanese

Unexagit ned Pat i caLbops Ei 8t vBHbLirgaki @pplo coShtangl cB3Rea,itiapanese
Exan?%%d Paten?ﬂ%bgyﬁéaggon, Second gublicationgﬁo. Hei 2-41555 and

Japanese e%@gn d, R bcati kst rRuhl heatriiony NI diei 320668
di scl ose gyk erﬁ@ge?t?%ggégﬁgg%Ft?gnﬁaghgbgdhesign of mh?%h is inmproved 20
by addi ng.caonﬁp?aéznt‘{ﬁgnPﬁgdgggne(efim@@ SROXY rk@Skd R aRROIPRANISH ity 0 fortHan
epoxy resin, ﬁhosp oric acid ester, and carboxylic acid to an agueous
acrylic resin and an aqueous am no resin. Although these conpositions have
excel | ent adhesion, the thin coating filmhaving a thickness of several

m crons made 25 fromthese conpositions is inferior in solvent resistance,
adhesion, and workability. As described above, although various attenpts

o, . o o . o



present invention. The gist of the first invention in the present invention
lies in a radiation curabl e agqueous coating conposition conprising: (1) a
phosphoric acid ester compound having, an ethylenically unsaturated double
bond (hereinafter referred to as a phosphoric acid ester conpound (1)), (2)
an aqueous pol yurethane resin having both an ethylenically unsaturated
doubl e bond and a group capable of 10 fofém ng a salt (hereinafter referred
to as an aqueous pol yurethane resin (11)), and (3) colloidal silica. The

gi st of thg,se69NdohpPYeation ihithe ipr esénebilevénti 6RALIES NF R tat et
nmetal material Conprising a nmetal material 15 and a coating filmforned on
t he surfaggaggn&h@iggbght@aﬁgrk@b,hﬁ@a acaniomgafli [tempeinad frsrSed by curing
the radi atron curabl e aquéous coating conposition described above with

radi ati ong I?geghgyeofwhg% telnier & jiseeenttiyorn si A cweergpr dsermddimgen i on 20 |ies
in a method for manuf acturing a coated metal material, conprising the steps
of applyi {a%ngggrr agi grriogqe(ﬁprm{aqr@ﬂlieplt&ae:oat idid uwtdmpo sidnare teserPded
above on e surface of a netal material, vaporizing a solvent conpfnent in
the caatin Sit f GPatdd G dd lan i wraditatingsihel 25
coati%g fF?%?%??% ?Eé?%t%ghﬁggggﬁﬁding to the inventions described above,

[t 15 PossLblet 0 OIS bt Jadiad anirabie myuemocioatong 11
conposi tion havi ng excel ' ent sol vent resistance and excel l ent adhesion to

t he surface ofM%Q%Oq%&al ﬁﬂdgﬁng(gnhﬁbﬁxﬁgxgtgmgﬁuwg&gmmibunmkrhraséured
coating filmhaving exdellent solvent resistance, excellent corrosion
resistance and 5 excelle hesi theswi agse dodtiengef almpatbei al |
and (3) a%ﬁetlﬁlggof%ér etr?aen[ﬁhﬁ[}%singé%%% coated netal material. BEST MODE FOR
CARRYI NG QUT THE.I Radi at i abi &n asgesss coad | njgbpnpbsicebyn)
10 The ra&ﬁﬁff@&téﬁ¥§§ﬁggggﬁeou§%%Sg?wﬁggconposition of the present

| nvent on coniaj s aphaspliord c, acidk esier sompguntblddulan agugbus

pol y thane resin ( and colloidal silica. A solvent or a dispersion
medi um of \thi s, afoetg%g#.s GORLIJI% GONRAsiild o 1S dAsi aal lgbteoiposede bl et er
but may contain an 1 organic solvent as long as it can dissolve or

di sperse %ﬂgﬁﬁngﬁﬁﬂ%$%%T§€%€se§§e{hgoa@@uﬂﬂg(filmthe aqueous pol yur et hane

resin (I1) ica therein, in addition to water. The content

of the organicé§§h¥§p@ei the paghathop cntabkevaqseodsesoabing conposition
is preferably 5% by weight 20 or less in aspects of safety and hegylgeas
well as le ' %FW@ pokh Ut hasuAscasetnfeteinposiheonadiiat won chef er s
to energy %yé?gﬁﬁﬂ asq%?%$aviole? light, visible light, electron beam
X-ray, gr tgﬁé'Jf@éoé@%%1%fF@HéDB@éEQn@CEGmpsbetionnpeunﬂe(bpstﬂ@ phosphori c
acid ester conpound (1) used in the 12 radi ati on curabl e agueous coat.i ng
conposi ti ogyAfsthe PELsENatBYERhion is satenpodndohtekng ohever HeseNtlY
et hyl eni cal I’y unsaturated doubl e bonds in a nol ecul e, and exanpl es t hereof

i ncl ude phosphorigeaci d al kyl ester, phosphoric acid allyl 5 ester and
phosphoric acid aral kyl ester, each having an ethylenically unsaturated
doubl e bond in phepsageoAvbeculesolMteospedi bi cesianphesnaBa e T um
product of phosphoric acid (neth)acrylate represented by the follow ng
General Forgulatfiheai b9. uBhagphoriiepacisd nopgeshne engd sgid$Fhord it aci U
diester, and al kyl nonoglycidyl ethers, alkyl glycidyl ester or a pol yepoxy
conmpoynpd, &gg@ﬁiQQSpgogugbrobrau@omnoanmahavbmgsb@@hC@ﬁlépGNyjgﬁbﬂb R an
et hyl eni cal | y. unsat urat ed doubl e bond (e. g., glycidyl nmethacrylate) and
phosphori csg¢ihdi 1 pPR9SpROE fadiidprsdestie yodmphedsirori ¢ aci d di ester, and
15 phosphoric acid polyether (meth)acrylate represented by the foll ow ng
General For mul arf2) 1aPlesphenife dcipe rEnktle) aor Wadtess Sadpiele it e hy & he
General Formula (1) are particularly preferred. 20 General Fornula (1) 0 R~
O O CH2=C GRokaHRked CORPET dttimely @xRel(IERR) tproHe@ie whécaiqy e, when
represents”a hydrogen atomor a nmethyl group, Rz represents al kyl group
having 1 tQ.8,62LD0R310Mvikhg alPpdlens epentys iam d melgeruls 2ste RPNART
represents an integer of 0 to 3, a+ b +c = 3, a represents an integer of
1 toaé and b i Lepires Rt St iy agaipafi tidro, Dhé GenerainForeatiag2fiRm 0 O
P- ( 53 C -I%-C CO (Ckl-12k )n 2 b a COH) ~ (wherein Rl represents a
hydrogen atQm.@r (& MRt Ay s P, 1 1R R ese ssedkyd andupolaennhg 1 to 8
carbon atons, K represents an integer of 2 to 9, n represents an integer of
110 to 10Te%i§9%ﬁEé? = 3, arepresents an integer of 1 to 3, and b
represents an integer of 0 to 2) Exanples of the phosphoric acid esters
havi ng a (nmeth)acryl oyl oxy group represented by the General Fornmula (1) 15
i ncl ude conpound obtai ned by dehydrati on condensati on of phosphoric acid,

2- hydroxyet hyl acrylate and 2-hydroxyet hyl nethacryl ate, and dehydrated
condensate of a conpound obtained by ring-opening addition of

o ey v B I B — . 1 =



(2) Aqueous pol yurethane resin (l11) 20 The aqueous pol yurethane resin (I1)
used in the radiation curabl e aqueous coating conposition of the present
invention is a polyurethane resin having both an ethylenically unsaturated
doubl e bond and a group capable of formng a salt. Such an aqueous

pol yur et hane resin can be obtained in the 25 foll owi ng manner. For exanple,
a reaction product of a conpound (a) havbng a group capable of formng a
salt using a solvent, which does not react with an isocyanate group, as a
15 reaction solyegtmeandi whokehpalayf woapilenall ypsiofiveo dyesst @%%ﬁﬁé‘tﬁnd 7t
and a pol yol conmpound (c) is reacted with a conpound (d) having an

ethylem(@ﬁgﬁﬁy@§aﬁybgqg%sd@%@bQ erfd ttyo aolt aihe @mpdlnanmetritane/vidsi n. Then
a group capable of°5 formng a salt in his polyurethane resin is

neutralize -@@Qi%\@;lgr the %@dﬁqm@@}@l@mmkimg&tﬁmidﬂ & e aisttaing an
aqueous polyuretha resin. 1f necessary, the reaction solvent nmay be
removed by, f st ééhé%hgn Aandert e usad Hire satendl G dribdy i tGompountb { adng
havi ng a group capable of formng a salt As used herein, the term" group
capab%e(g éﬁ%g1ggdai% & haef Yeerd prapgEedi.c group capable of forming a
salt with @ base, or a basic group capable of formng a salt with an 15

aci d. The forngr includes,Sanboed M mpifonic aci & groupbaktication
phosphoric acid BSt'er group, while the latter includes am no group,
N-substi tf ed,am 8o Glogyy aich N Medliars Uksild ul e g roi g atgpmpiheinerm " a
conpound (&) %aving a group capable of 20 formng a salt” used in the
present iJ}X@E{ri an r%fa%ri%héicbr@ SPAROUN Gy Wi sde Nap atyi @I OsIpd Capabbed of n

form ng a sa ang al'so has two or mre functional groups having reactivity
with the &§9g¥anate group. Exanpl es thereof include diols and diam nes. 25
Specific exa pies thereof include trimethyl ol propan nonophosphoric acid

ester;, trinmethylal pr.onan, W frds Acd dyest Bike pol yastermilhol 16 5 10
mheréfh at Ieag %aH%brt|5%P f a dibasic ag?d conmponent is sodium

sul f osucci,gj glecqr, S0di g syl §0) soptibalas eig N et byb i skbanst aut teye
di ani nocaf bo yl'i'c acids such as lisine and cystine; di hydroxyal kyl al canoi c

aci ds suc - [ ' b D@k 13z Be di By inexybearghcaaci d, 2, 2
bis(hydro§$§%%ﬁ???égﬁgﬁgﬁ%gﬁgi?%fg?%%gﬁis(hydroxyethyl)propionic aci d,

2, 2bi S( hYLOXKBEAPYI RS 0P ORI 6881 Wona Pi skaydnexyorybykynasel coatndnands

2, 2-bi s(hydroxymnet hyl ) but anoi ¢ acid); bis(4 hydroxyphenyl)acetic acid;

2, 2-bi s(. %é@X%EQWWABP@”&@H i 6n g€k Tlyt ansatbeaneiddotbNedbhydr exyethy|
glycine; N, Nbis(2 hydroxyethyI?-S-carboxy-propionanide; and car boxyl

grou nt aL, RN caprol actonedi ol wherein a | actone conpound such as
e-caggglagféﬁe%fgggﬁded to di hydroxyal kyl al kanoi ¢ 15 acid. The requisite
amount of the giRURKHPEbLEL D] chetBhngeac2Obsal theantbe apptopgi dtamy

deci ded according to the kind and conposition ratio of the conponents.
Anong t he rexaRlL S SBgEF & bREn8bOYEinCpapoiindsshaunngoatypiond 6P BR6 §foups
selected from a carboxyl group and a sulfonic acid salt group, or a mxture
thereof . Lhdrherartd@uhaiby puehbleedompoiintr eddcena ivaitbakplr desupMecause
good bal ance can be easily attained in various aspects. The acid val ue of
the aqueous dRelvib et banengeseacti®)h the2Bipr ehedalihy twiahia@ug ovgn GO Fr G 20
to 100 KOH ng/g, and nore preferably from25 to 90 KOH ny/ g. 17 (2-2)
PoIyi§@cyqnqherggnpa?ngxébl1Emanpbesroteshetp0bﬁiQmmyamﬁQQihﬁﬂﬁxﬁﬂkf%ﬂﬂ
include aliphatic polyisocyanates, for exanple, aliphatic diisocyanates
such as 1,6-hexamtdytenenbdi bpoeyaerat by 252ng 5 hersiemaaeilaidcanertnakelfe

di.i socyanate, and lysine diisocyanate, trimer of the aliphatic isocyanate,
and adductyiofrfyd pDWoBkeeulas tiigalrdaedst bd ahieplatiesuis smpdridte~ al i cyclic
pol yi socyanates, for exanple, alicyclic diisocyanates such as isophorone

di i socyanadgnpdshk Liycbahexyl net hane-4, 9" 10 diisocyanate, hydrogenated
tol yl ene diisocyanate, nethylcyclohexyl ene diisocyanate, isopropylidene
cycl ohexyl 4, 9' - g b 06 ¥an@hex adrich e Patemen pgiliiseoyianat &1 194 i lgfcahieen
alicyclic diisocyanate, and adduct of a | ow nolecular triol and the ,

al i cygkic i | Spcyapate) sar eneidlesdld, phat iac chnpee i isotyearaleks dbrf @xaipl e,
aromatic-al i phatic diisocyanates such as xylylene diisocyanate, triner of

xylyl ene d% iﬁﬁf};{ggaggosgqqna@wq;toaqfi@ | foMinyD | ;e il dira tt T ool c b Y heagqueous
aromatic-aliphatiC diisocyanate; tri- or polyfunctional polyisocyanates,

for exanﬁgg lﬁ&pggkggedyégyﬁuygﬁﬁagﬁﬂgﬂhepxéﬁbred by reacting a product,
di phenyl t%a e-4,9" -diisocyanate and tolyl ene diisocyanate,; aromatic

pol yi socyanates such as triphenyl methane triisocyanate, trinmer of the
aromatic diisocyanate, and adduct of a |low nolecular triol and the aromatic
di i socyanate, and pol ynet hyl enepol yphenyl isocyanate; and pol yi socyanates
25 conpounds having a carbodiimde group, such as COSMONATE LL (m xture of

I o oy



15 bi sphenol A, bisphenol F, hydrogenated bi sphenol A, hydrogenated

bi sphenol F, and castor oil-nodified diol. The glycols further include
glycerin, triol such as trinethylol propane, tetraol such as
pentaerythritol, and castor oil-nodified polyol. 20 Exanples of the

pol yneri c polyol include polyester polyol, polycarbonate polyol and

pol yet her polyol. The nol ecul ar weight of the polyol is preferably within a
range from500 to 5,000 in ternms of a nunber-average nol ecul ar ?Fight. 25
Exanpl es qf. the, pol rPaLyel i pekude1paldpestien pdl yohydgbtailned by the
addi ti on Vet b aﬁgggﬁephgbcghgeggg?ion reacti on of one or nore nonoepoxy

conmpounds 19 sel ected fr AN ROGwe dy aetdasibs esbomdas fetahyl
gl yci dyl %Qmﬁﬁ?nﬁeﬁﬁyﬁnalfci ékgethg?, b&%ﬁ% gl yci dyl ether, 2ethyl hexyl

glycidyl ether, lauryl, glycidyl r, la AWy lg refufper, and st earyl
gl yci dyl ePRePUpF Eﬁ&ﬁp%gﬁygiﬁflﬁgqgséggﬁ?ﬁéhu aceﬁ}éh by Shell, Japan

inder {he L0 ars L SLA S50, an0 dneir ari polibasic acids of
sael ac ol dssevcle a0l o AT AClas Srcarpmie, polybasic acids. or
Lrimel 1ic anhydeide. o SLLGUSLLG B0l WhRSLs, gl don s des ahereo
acid 1 gl on L9, Wie Bolyols descrl bedshoes i Fyrids e pel yoster

~-met hyl - bvar el ol act one.. Exanpl es af. t he ygal bonat eyok el nédachbadent
hexanethyFéﬁéaﬁéFyb&H&ﬁﬁﬁ%a{gﬁgﬁﬁf%ﬁﬁé;réﬁﬁff%%1l,6 20 hexanediol as a raw

mat eri al, pol ycarbonate_di ol e of 1 yl byl 3600k ysarbsaat e di ol
made of né@ﬁéﬁFﬁtJ@W’coW%r%%lé}gglrlbcoanta% i%l I?rggegof

3-net hyl -1, 5- pent anedi o], and pol ycar bo e di ol of 4 ponasadi ol .
Speci¥@c é*@ﬂplaesr%ﬁléi%orbo?%‘%ﬁie% ?)%Lll?((g)lll%i %gllgléregggg?)ol (flalln ?/I ene glycols

such as pol yethyl ene gl ycol., polypropylen d. @Rt ¥t 8hl agrEhyane
gl ycol . Arlﬁ?ﬁ’gmt%&é?e‘%b%/%%jt?%ﬁe%ﬁ%ﬁnjégg%ﬁg%#?g ggr?i cularly useful to

20 inprove the solvent resistance.a th e LNggSekyt keantesi ahande
whi | e mai iteER TR The WOF %‘B‘Fﬁ‘ﬂ/d%?g?hegréga?%%géfi|?n 5 (2-9)n Conpound (d)

having an ethylenically unsatura ublLe.b9Rd Lseptrspnpadndnwii.ch has a
functionaﬂ”ﬁ%ﬁdﬁ‘H%%?B§n9e88TP9?%§P%ﬁ$h %ggcyagat%e(e. g., hydroxyl group,
am no group, etc.) and ap_ethylenic ungatuk atedodoulph @ shopadb 1Spediifonc
exanpl es of sucf? a%%ﬁ%oﬁﬂax?ﬁé %geﬁégﬁghyd?%xy 10 nono( et h) acryl ates such
as 2-hydroxyethyl (ne yl . Ry ERaxyRKkeRYh entmatihkadbyl, alea carld ent
hydro% but '(%%%h%@gégﬁggé;d%%%éﬁ%ﬁ?oxy di (nmeth)acryl ates such as glycerin
di (meth)acryl ate and_L| - EST 204P (ernubactiuredabyl KYCEILSHATCHEM CAL
Co., LTIl)?g#%ﬁﬁﬁyﬁ?ﬁiﬁg?gfgérg?gggs such as 15 pentaerythrito

triacryl ate; no [0 pent agcLyhakesysuahkiagy diapanttdeny tduriajale
pentaacryl%?%?gﬁfg¥gyoéénn§%o?net%)acryﬁites such as glycerin

mono( ne, th) acryl at e; QuRes jobtaiired By duremddisgueoyol yrreri zat i on
of these c hﬁﬁ%ﬁﬁs Rf?ﬁqggﬁgFege o?ide,lpropylene oxi de, 20 tetrahydrofuran
or ~-caprol acton und further includes products obtained by the
M chael ad@??ygﬁgFggggi%%gg pol yfunctional acrylates such as

tri methyl ol prop riacrylate, ReA) Widd gathyasarhdret eremidh
dipen?gerythritgﬂgﬁéxgggﬁéfgké and dialké%élanines such as 25

di et hanol ami ne, di.i; SQRr QRANQI Y NG, Y GRANEEEIE ster iores di dxed tEkTod ad et dr
nnnoalkylaFEQﬁoFanlnes such as net hyl et hanol am ne, et hyl et hanol am ne and
met hyl propanal aginey - Ak Th Gamaunkddrtder adrdsides thal dnyref haneanic
obt ai ned b? eacting éilsocyanates contai ning two i socyanate groups Taving
different reacti.vitie uc 4 sophorene whbe ocyesiar ectanon tohyeehels
diisocyanapg%ﬁfﬁﬁlﬁoﬁ%ﬁfﬁﬂogygﬁ%ﬁb(neth)acrylate and 5 nonohydr oxy

di (meth)acryl ate; and .pr.o &l nesh Yyr i eacéh nga t@t hacsyl andocyanat e
with dial k& 8Igﬁﬁ%ﬁ?ﬁﬁvﬁékééiﬂipannoalkanolanines. (2-5) Synthesis of

aqueous_ pol yur et hane resin. ) A0, Typi gL hedi 8f s paegagilagsanaaqueous
poIyuﬁ%?haﬁ@oﬁ&53+?IW%t%ﬁ%éi%e(éé%b¥pgggé%elOML %irit, a conpound (a)

havi ng a group capabl e of. form 1v@ndi re9f sPehyéuncti onal
polyisocyaﬁﬁﬁ?%ﬁ%%ﬁ#uﬁp?%ﬁ %%%Qg;%% 3% goﬁpound (c) are m xed so that

excess isocyanate groups, exi st i LN adaBtkisacyanabde agueous
group-terninated“ﬁgl?ﬂr%?%%ﬁeC%Tég%?gﬁgés %Eegriaction bet ween t he hydroxyl
group and the isocyanate group can be conducted at a tenperature within a
range from20 to 120C with or w thout using a solvent which does not react
with the isocyanate group. 20 At this tinme, a proper amount of publicly
known pol ynmerization inhibitors and urethani zation catal ysts can be added,

S T Y T L,



met hacryl ate. Then, a crosslinking agent dissolved in water or an 10
-organi ¢ solvent is added, if necessary. Exanples of the crosslinking agent
i ncl ude aliphatic am ne such as ethyl enedi am ne, piperazine, N
am noet hyl pi perazi ne, hexanet hyl enedi am ne, hydrazi ne, diethyltriam ne,
triethylteram ne or tetraethyl enepentam ne; 15~ alicyclic amne such as
cycl ohexyl enedi am ne, isophoronedi am ne @r nor bornanedi am noet hyl; aromatic
am ne such as tolyl enedi anm ne, xyl enedi am ne, phenyl enedi an ne,
tris(2-am noet hyl)am : 21 BgdbanhRoRYisdbaey uaed halrienasi d iamérasuicty as
Y- am noprco <?Sf%/trr]?\e ho§§2}9 %mé, 9 20 d?jam' nopropyl tri et hoxysi | ane,
- N-p- (ami noethyl ) - Y, am ngpr apyL s et Rgksiilane yorn¥aruandawetdyt Je Yoond

am noprog?‘?%t%y]f%?fn%]fgggyg?%gne. Exacr%pl es of the ketim ne conpound include
ketim ne conpounds_produced by YALaki on fhePEbFBRY amired ych as 25
di am ne "¢ rd a?ﬁ"ﬁ% %ﬁauﬁéob}gt f/?gget%ne. Accordi ng to anot her nethod for

crosslinking. or, chain_extensi f .t pal WHieiheee destime (11)
usi ng theragﬁt%?BSSﬁpﬁk}Cﬁge asgbgﬁt%ntt %%&%%gﬁ%nki ng agent is previously

di ssolved in an aqueous phase _an Organi & sl Ut 0 §r Fed Dy¥crease.

di ssoPvi n@CJé}ﬁf%YEtﬂﬁﬁBPpF&S‘&eﬁrﬁé‘%tﬁn%nan or gcgrni ¢ sol ven(%) ﬁ@di spersed in the
aqueous phase to prepare,a water-.or i Ve M xed sohdt+enbe Then,
the organic so’l*i?@gf’e?s g‘ih& i eedsn_&:?%;}'!rcg%ﬂeﬁ%?% elr-oi‘fa%jani ¢ sol vent ni xed
sol ution under  reduced pressure, thus Jwki i ossiblest o, ol aldqn@n
aqueous sBEEEFOATHEeS \ﬁé”tg edics]i)oesrsg“i%n OH ar&}da%?egti on curabi e aqueous

pol yuret hane 10 resin (I.1). By using dicycl hapes9¢ 4indhhsocyanat e
(her ei naf 9E8PUPePBFY @dpg’(}%fs grgpd‘}‘podnel%satt ebdélwaa%sﬂéﬁ)orti%n ojrmall of the
di - or polyfunctional polyisocyanate e A Agueous: ol yur et hane-
resin (11$JUEPHF ﬁ?&ﬁ@g&%ﬁp@ds RS %%%#%?ﬁéd%and the aqueous

pol yuret hane resin (l11), using hydroge i S: pr abk¥qused because
of itd eXEéPlséllllln§&I¥\9erﬂegrreeseigs %%cheg %%Fg%%@b?ﬁt % ﬁ{l/g%ogenat ed MD to the

whol e pol yi socyante i ref erabl,y, 25~ i 0L {PLEr FHELBerRBEEOt BE
concentraéieSf'?meS gﬁféts’ﬁs‘lle%ietcoal?%t%ln%a u?fa\fée%%% g?oup of the aqueous

pol yur et hane resi r1 %II is preferably within a range from1l to 5 eq./kg.
(3) Col | oP&aP*si; 11 oidal silica as a third essential conponent used

in 25 the radiatiqn cur.abl eous & ngs COppOsi hher ekstheipresent
invention is ogtijai%ﬁ‘eed (bryosdslels%g]?ls’? gd% g%ti vel y charged anorphous silica

particles in water .in the fo of ¢ 19 thelqehBES sBaYehe added to
obtain a SFASIYY SFsperdst es?&[é%r% 0 g%%?o?dalesi?i ca. In the present

invention, any . .colloidal_ sili an. EOmebBUbr e ecpr efgeredoks, a

col | ot Yal Z&SH°¢&" FHi 3%1? sééégﬁ?gagé-?frggt 4 W th al uminum because of its

i nproved di spersi.biljt I f cGeLhokdat ishl Fgam Waneht ®e used

surface-t F“é%taed Sy}\}etef# a)%l%\fn n‘%rr:]pulgﬁc uae " Snowt e_>l< EZ (manuf actured by Ni ssan

Chemi cal | ‘%’_—U}H{f ecfséré d% atTngéirPH”B_iQE gekkabdak t§i Whdah v efrenatd y
7% nge'o

within a rom3 to 60% by wei ght based on the nonvol atil e content

of the rac@{raaui% CLgIzlarg)I@hg\guggagiggagaagsggﬁposi tion in view of an

i nprovenment 1 n solvent resistance, while the anount is nore preferably
within a range oAR R5%RYnwei ghtehn hbplease iiom,WHiatst eideigrataisimg
sol ution resi stjaar ce %sé?%ought gs 15 i rrportgnt. (9) Preparation of

radi ag ,on \gur af-P&%f f‘(ﬂyf9§%1§08§.§@go@>%§90§%t aoR ofp® sriadicat iheny iour s @e Bpreous
coating conposition of the 20 present invention can be obtained by

di ssol vi ng_or dj sp rﬁ Ngna-RN9SRBAr 6 dagicd deslogle st@painc (Hgse ame epusdus
pol yurethane resin (I'T) and colloidal silica in an aqueous solvent. The
aqueous sof VANL; i S; BASLEALLY CQmRAsaGrOkorrbani it MRy Cont @i noarelot gani ¢
solvent as l'ong as it can dissolve or 25 disperse the phosphoric acid ester
conpound (7,1 4 Pe; aHUGAYS HPRLKUELIRARS AT 1d IJoudite cndridiatad s186chas
therein, in addition to water, and the organic solvent can be arbitrarily
26 sel ect eq, vl 1 LG 80AYKE 13RI R il s Eheopt egtoap, the
organic sofvent in the“radiation curable agueous coating conposition is
preferably 50 by weight.ar i &%O,e%tasfwx af etac edds dieal ghoas, wel | as
| ess 2§vir%?%%%¥3 60?%&?igﬁi%§li¥t e syntheéfg of the aqueous

pol yuret hane resin.(ll), di &ﬂgekgy%héﬁi§p@yanate i's
preferablypﬁgﬁaﬁggl hg%ﬁglf%ﬁ%%?g%§¥gqﬁénpound (b) because a cured coating
filmhaving parpicularly excel | enie sQlMentof esist anser €angbemabsabnedypéo

| f necessary, a 8I'EI"Vés” dnd "auxi1iari es such as radiation pol ymeri zabl e
nononers, radiation polynerizable oligoners, publicly known radiation
curing polynmerization initiators, publicly known resin conpositions,

am no-pl asts, silane coupling agents, diluents, surfactants, plasticizers,
waxes,



15 hydrolysis inhibitors, enulsifiers, |leveling agents, defoaners,
antioxidants, and anti bacterial agents can be incorporated. Furthernore,

i norgani ¢ powders such as silica powders and al um na; colorants such as
publicly known dyes and pignments; rust-preventive pignments and rust
preventives may be 20 incorporated, if necessary. These additives can be
added in the case of preparing the coatipgg conposition. As disclosed in
Japanese Unexam ned Patent Application, First Publication No. Hei 8-259888,
when the agrgi%is"ﬁilaﬁ L0t Lduchd Jesfioe Rhased RKer Sicamattom wat er 25 in the
preparati%n BY=the aqueous polydrethane resin (lI1) used in the present

i nvention, the additijvVv n iy i %@ difcdlt propre rwateay,- isnsol ubl e
conpound.toag%ng\hg%tlh‘si%r%%aI%%Iugﬁzin OL:ILp| ing a\égqu]t as the additive, high 5
boiling resistance can b tai def tirn dharierf fGam, gy eng it he

st or age sf‘ﬁb?\“???c& SWQ%@%la%tslasng%%gio%%gsﬁi on. The sil gﬁje coupl i ng agent
preferably has a functiqgnal grqup havj | Nl i¥a 1 6adiMidnean th an
organi ¢ nafePPaF, Sé?ﬁréfe ﬁ%gf%sﬁchngnj@ﬁé%?ﬁ ng At tini ty or reactivity
wi th an inorganic material in.a _nmolecule.. . |.f 16, exam resvdvhedreefn i ncl ude
vinyl §11ane such™&€ f e1§"§J015\fior{§/ICic>rm::er£r3est tol%{saﬁjaﬂnlg?l vinyl'triethoxysil ane,

or vinyltris(p nmethoxyethaoxy)silane: ( Gryl oV Oxystd Aner such as Y
(met hacryfféw’oxﬁ]r?teoﬁﬁs)utﬂﬁ@ i?ocia{}s]ir}gancg%r AYLPUS

Y( et hacryl oyl oxypr opy| ) net hyl di_.net haxysi | ane; GROXY, idane siedy@seous
p-(3,4-ep6?§‘¥9?llﬁﬁ vi “L‘ﬂﬂﬂ 9 tcnoo%y]}s/rl’ a%g,c%/ d

gl yci doxypropyl tri_net hoxysil ane,, aor Y cldoxypropyl tri et hoxysil ane;

ani nosi | aHét§66ﬁ°&g’%}§ni ¥Rfo ST Hy Y i%ﬁ%%%(lggfl%ghe or

y-am nopropyl tri et hoxysil ane;. Y-ner capt onr i  b@ngs e

al kyl si | ane” suéhds 3§ §§‘lﬂﬁa‘§f‘1({}? i%?%o@g%i%‘%i;%q% dec t%(?/%étnﬂoxysi | ane, or n
oct adecyl tri nmet hoxysj | ane. As .the_sil ane coupl| o} agddegd-§0 the
pr esekft ||‘ﬁ‘\?§‘t‘?f3|e(5’r‘r7'ye§J %%r%%ﬁ%&@%r%%@l#fr#ﬁn%t o%is?(% aﬁgﬁgan be used

particul arly preferably, because of it ng.: oIy i esi ESesne or
nore ki nd®3gfti&4 YXoupld n J&'Qe%‘f%e?:aﬁé%giﬁxfeﬁg)%\?%%oﬁsﬁl/?gr added

separately. For exanple, am nosilange XySi addedsaftee
previ ousl y fmSﬁVﬁgFa%TH‘él%%’Eﬁn @Eﬁs be® %gfte%?(gdygr ???a%?ﬁ?ﬁ%uggigss

preferably within a range..., 28 from . On 1 £ 05 20%6 bymaet ght 1 bagsed on the
nonvol ati I°§ & ec}ﬁatolfn?h%l%ndu o({;fgr c%%?%lgnb Conposition in order to inprove
the boili ng resi sta c.ejra‘fnd the storage stability. (Coated netal material)
The coat ed et ACOMRET TR of t he present invention, conprising a netal

materjal and a goating film f bnt he;i petabuprieat abn
t he cJo ting fi I‘fﬁ%aer?%%ef%’?%’é%’ﬁ)%@gguglgﬁégt@hé%ggiei%?0?1 curabl e 1:jtqueous
coating c osd,tion w adi at | j : be.dener npedicifidhat sespnd
regar di ng?\{%e%chuor eéo\:L \(I:\éo%??éng ?‘?}F%ﬁ%ﬁemgg%g%\gd ?ret al ngtﬁeﬁ:al lof t he

present inyention.. hogphosi Ed. 85t 8EpaheYR Dpadedisbaermpeakhy to the
aqueous req)su?%"‘hca%%%gelqa(?fi%‘?tbyﬁoglgﬁgmacal bgndi ng to the surface of the

net al natg%#ﬁhéﬂ%%é%§0F9£9§Sg%gfggagioﬁhﬁopohﬁﬂEBLBQDEGB af sanosb a

et hyl eni c y ‘unsat urat ed dou ond due to irradiation with radiation. To

sumup, the f i BGmbLL M i SpNothankynedied BY tihecpoligmempzatiedn of
t he et hyl gcﬁllecrg{ﬁ%tfclsa ur(gltnéd doublne bond due to irradiation with

radiaéb°”ﬁ%$§d§§§§ £i£Q%¥t§Qﬁe§§QdGH€ b@ hheepbkiynirkyiar acbephoabhbandi ng
ospnort c acl

of the 20 ester group to the surface of the netal material.

The coat ed, It al o pBler Labx 0l -LBgDI 8AE3bNLRYENELAR ke resedand vanbouylic
pur poses, the cured coating filmis formed on the surface for the

bur pose of, s fage. pr QLEEHI,AN LR, Vi W2 18f shsesn Boeeventhund esadhesi on
of fingerprint, ubri cat| ng steey plate, primer, and coating filmrequiring
no top coat. Although these compositions have excellent adhesion, the
thin coating film having a thickness of several microns made
25 from these compositions is inferior in solvent resistance,

adhesion, and workability.

As described above, although various attempts have been



The thickness of the cured coating filmis not 29 specifically limted
and may be decided according to the purposes. In the case of inparting the
fingerprint resistance and the lubricity; the thickness of the cured
coating filmis preferably within a range fromabout 1 to 3 um In the case
5 of requiring to secure the conductivity such as grounding, smaller

t hi ckness ranging fromabout 0.5 to 1 unPis preferred. Exanples of the
metal material include non-ferrous netal materials such as titanium
copper, ahAud num caadiAgneilinn faddieti on tehes medla Imhag tal i s s PHeEr al
materials may be 10 nmaterial whose surface is coated wth a coating agent
of metal,y2.0Rt#hi6ANRAENExcRANmet aldhers immite the thetiegte a6 the BoaR 1 ng
agent, a netal coating agent can be used such as zinc, nickel, copper,
chrom um i8¢ h88%madheEkAEMcoatdmg drilan aiHemyi arhetledfe Nt HNY based
coating agent 15 prepared by dispersing silica, alum na, polyethylene

gl ycol Orsé{ﬂai‘ﬁ WBrkhagmeteh eeatderg agenting rmetdlwionpound evati hg hgent
such as zinc phosphate,” magnesi um phosphate, or alumna; and a non-netal
coating aggpl SYGh 28 eRAMES ar@l aHilALt g asiry drigh niwtapel thereefa A
coating |ayer can be tormed on 20 the surface of the netal material by a

t her mal Sﬁcr)%x%ngo%zepxltatain'&g EtNad USi digerihese sontthgnagents. In the case
of a netaf “material coated with a coating agent containing zinc, nanely, a
netal material coated with zinc, an alloy of zinc and another netal, or a
zi nc conmpound 25 such as zinc phosphate anong netal materials coated with
these coating agents, when a g¢aidirgUrHE roF sINVENEIODY appl ying the

radi ati on curabl e agueous coating conposition of the present 30 invention
to this netal t efj-dle@ang then sreesht i invénpossi bsetbopobvads ancoat ed
metal materi al ich has hi gh surface hardness of the coating film

exce'#(?”t SUMERL, ¢ §SiBtANGE Qxesbl endgaebesi onat bnyheompbak thaner Walichs
excelTent "Corrosion resistance and excellent workability. The netal

material may he.d Jelfte MHENM chavhgnaRe the sahéaten an Bnoegadi c
coating fg%mﬁﬁanﬁg%%ye%re-coating treatment such a chromate treatnent,

like the prign altynPAschde-dmtssich t8sibeanoat edmpetableatddicdl hafvet he
present 10 Tnvention, a netal material with no inorganic coating filmcan
be used. hpdhe Gasidfed #@tEbnRLetial tnosRahNbRYezi npao ichie avdtval
surface, it 1s believed that a phosphoric acid conmpound is likely to react
with zinc.,Jthe use Oft SHichede Bt abr tBngakedi ablerert seshies tehicgst a@glal to
or higher than that in the case of being subjected to a chromate treatnent
in thesef figgt: ofuthe pdhesion 1oyt be setahomat saivahgahd gibhe od@nicht-
resistance of the coating film that is an object of the present invention,
thus maki nghdnPOsshhé et t of avnedppesbhemin@nsioh ds toxiFsiotyt nd coated
envi ronnment al burden of hexad chrone. (Method for manufacturing coated
metal mat gfd@l) dinee PEL DodifBr anenubdctoritigoa fddat &é viivxchlenfgler§™ of the
present invention, conprising the steps of applying the 25 radi atjon
curabl e aguepus: 69atbNgheosposiationfonhehmesanf aed esfiad rAatchieHRR YL ,
vapori zing a solvent conponent in the coating conposition to forma coating
film and igreshat tagistadtcthewboahi ng bbtmiwiech byadictMidiy i $92 Move be
descri bed. The nethod for manufacturing a coated netal material usually
conpr pges: £{ 1 &hetstepoatingnoompgssttdion on the miwfiacturdace, "¢Het eby 5
improving the wettability and adhesion of the coating conposition, for
exanpl e, pubtéely1kanuncatreps thealdcaltiimeg dedgmeasitiy, radiat Wiekl #1g, T8and
bl asti ng, washing, hot water rinsing and polishing, (2) the step of
pre-treat ngabviae bNpeAviEagtire ngetteatiidd thher® ot adhesion of the coating
conposi tion, for exanple, the step of a publicly known treat nent su%h ag
chromate treat ngRt, preeahrennwintoz e yEhospret sl vekeat hedt edi #hdi fBH"
phosphat e, phosphating treatnment, double oxide coating treatmnment or

di spl acenept, ;deposkiiam ibheaturentl eofadliemrs Gatokng heompepl biOR5 treat ment s
used in conbination, (3) the step of applying or adhering the coating
conposid i 0R;ARLANLRG %ugb@agﬂﬁctﬁnbgﬁnami¢ma@¢da¢$t¢9)C©ME0éﬁ9in@ step of
vaporizing the solvent in the coating conposition on the surface_of the
metal mategiales fic 20,eDud e heatétitgarss epeé on, agnel epdl phgathéiddFpngan
reaction in the coating conposition, (6) the step of irradiating with

radi ation fof ;accel8lAtdig dtheidati Nged esistven thus heoopaekhgdcdhgosi ti on,
and (7) the step of preheating the netal material previously to 25

accel erate aforenentioned step (9) and/or aforenentioned step (5) . In the
met hod for manufacturing a coated netal nmaterial 32 of the present
invention, a radiation curable coating filmcan be fornmed on the surface of
the netal material by using the steps (3), (4) and (6) as an indispensable

. Y T b1 T - ey S S M . g,



|ike. The radiation is preferably ultraviolet light or electron 5 beam 1In
the case in which the coating filmis cured by irradiation with el ectron
beam polynerization initiators are not required. The coating filmcan be
obtained by irradiating with el ectron beamof a total dose of 5 to 200 kGy,
preferably 10 10 to 100 kGy, in an atnosphere of a gas containing a snal
anmount of oxygen or an inert gas atnosphére, using an electron irradiating
apparatus of an acceleration voltage of 20 to 2000 KeV, preferably 150 to
300 KeV. In th Case LPiwhich the coating filmis irradiated. with 15
uItravimHﬁeﬁ?% t; '§'rs°cured in an air or an inert gas atnosphere using a
mercury | anp ar,_xenon. | Li.ght nseukeen KR thiespecasent invention
photopolynerii%??o%lFEi??EF§§S§§#§gaégeg. The phot opol yneri zation initiator
can be arbjtrarily sel 20t r p kol kbawnngubksimpocas.icfhe anount
can al so %%e%rb?tg F?ngég Qc%g aggg ??bbfor exanplg, within a range from
about 0.2 to 20~.b¥_meight, and preferably fromO0.5 to | oo by weight, based
on the nofvBPatPt89%¢ontent of the coating conposition. 25 The step (7) can
be conduct ed bm he JBLhRd of, heating dihe wRiglouit eiainglascribed in the

[

steps Y(9) and . 2spBEPFI'C conditions of the respective processes may be

39 appropriately. selected. .In GRS i PMH L N R G0atd e f idafidsrdarured
on the su??%EéQBFCFﬁ&yn@?ﬁaq%ﬁ%§$%1 usﬂﬁg t he gadiation cur abl e agueous
coating conposition of the present Jjnyv | t 5 coating weight may be
deci ded ag8oRdPRESPEAHE 6556%§E§*”L3¥)t(%Hgbrggges of prevention of
fingerprints and | ubricating stee P_qg{ the gratdehgospasidnon is
applied so t hat'4t h@c GRFL atﬁ’oﬁl Lﬁs mhas a tlhi cknessé:withi n a range from

about 1 to 3 um 10 Exanples Th € | Y& 1 800 W | droew bepsteserobed
specificaFF?yﬂﬁnW5fﬂi§t %%Hﬁ%ﬂ#%d§ éﬁ%les. First, %Wnthesis Exanpl es of

t he aqueous pal yur et hane r.esin. S i r£sent édyenti on and
aqueoﬂ?s pépﬁﬂ‘rl@@hé‘nesara]g%i ‘”ﬁ‘?“)’(#s%%g ﬁ%%%%éeé.'ngﬁcgd VDI a%gudescri bed and

specifically explained b n S nples 1 and 2. In the follow ng
Exanples,Pﬁéﬁt e&%ﬁ”ﬁ%r%%%ﬁggégfgié %%émeight unl ess ot herwi se specifi ed.
In the foll ow ng 20 cripgi he viscosity denotes a Gardner

it Bt TRy

vi scosity. Synt a reaction vessel equipped with a refl ux

condenser, a nitrogen_introdugi e; APgnai bhel AopBRE epredeft panvenvfioRS
polyoxyethylenéﬁﬁig%%ﬁt(ﬁé gH%oggfgﬁg.% pa?té of 2,2

bi s( hydr oxy.net hyl ) pr opi onj, c Lo, 13Pe9: partsmptipohyest petdiomgneopedt yl

gl ycol adﬁﬂé?%FWWé19§kﬁ%§ ﬂ?géga?tseo% 35m$rinet%ylolpropane, 9.7 parts
of butyl et hyl propanedj ol .. 83. LhSoRf tfakenargc6081( paeuUfactlred by
Taked;gChéH¥%é1(gﬁﬁ%ﬁégigé?gL?agﬁ hyarogenated XDl), 159.3 parts of nethyl
et hyl ketone and 0.0 oF: ; di; bt yht hg kaumatiebyereringhahged with
stirring fﬁf?ﬁ%ﬁgﬁ §e7§éég§gé 0.5 hours? and then the reaction was

conducted at 70 10 78C 81 .3,R04bSs ThERing. BBmpaktisioh described above
tert-butyl%?%%%%ﬂ?%ogé% g%éSagarts of LI GHT- ESTER G 201P (nmanufactured by

KYCEI SHA Cﬂﬁ . LTD.) and 88.5 parts of MEK (nethyl ethyl ketone)
wer e added’ M%qéﬁggg}%gb'replacing-a nitrogen introducing tube by an air

i ntroduci ng tUb’ﬁhetg?s"tea?t kPR WaS reonfdehed cagainn tale TO es@rts @ rivsn tHEn
hours while adding 0.09 part of tertbutyl hydroqui none every 4 hours to
obtai% a 59lg%igﬁ Qfm@tﬂghqugtm@m@f@@ﬂu&ianal&oéﬂaﬂ%mﬁﬁﬂltmﬁﬁﬁnﬂﬁ%wﬁne
and 5 8.1 parts of pure water were gradually added to the res%éfing

sol uti on. .aklow ArE af > foreh2 haurisat ithrb paraksl ©fa ol
AKO2 (nanuéé%?%%g%kgyk%%s%ﬁfﬁlChenigg?gﬁzéﬁstries Co., Ltd.) was added and
methyl et hy| ket ane was, dirstdy |foffodindasow0 sredueed prissurel a2 1BYT 1 0
obtain, as"a transparent |iquid, an aqueous solution of a radiation curable
agueous po%ggggﬁggqeggggglgﬂﬂd davd Neerie Neivradrid elrcorttencoating. 3% a
solid content of an acid value of 90.5 KOH ng/g, a Gardner viscosity of

U-V, and aeogkg%éwi%edcogr% CONCONt 11 | TLwf 5d 1i Brzdi dking Syhe hesi s
Exanpl e 2 I'n 'a reaction vessel equi-pped with a reflux condenser, a

nitro intr i and aqtderspreter, 3.2 parts of pol yoxyet hyl ene
gl ycol thgagg&%{q%QEquérts of | actone polyester diol OD X-2155 (M =

970, manufactured b | S | NKe e GHEM §M S i hOE. dboRd, lit past s of
2,2bis(dihydrox?ﬁ%cﬁ¥ﬁﬁgﬁﬂggg?% acid, 7.1 parts of ' butyl et hyl propanedi ol ,

22.9 parts of castor_oil ( uf a L by KK CORRPERAS| Eblpr147. 4
parts of hydo éﬁDN%ﬁ%&%g%.g?ga%tgégggﬁ%thyl ethyl ketone and 0.02 10
parts of stannous octoate were charged with stirring and 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 XDI (Takenate 600) was added and the
reacti on was conducted again at 70 to 75C for 15 one hour. Then, 0.2 parts

Y L, A . e L 1l N PTCITONTTE - ™~ NN A N Y I ZN 771 o~1 I A



37 Nisshin Chemical Industries Co., Ltd.), nethyl ethyl ketone was
distilled off under reduced pressure at 50C to obtain, as a transparent
l'i quid, an aqueous solution.o,f a radiation curable aqueous pol yurethane
resin (I1) having a nonvolatile 5 content of 30.0k a solid content of an
acid value of 39.3 KOH ng/g, a Gardner viscosity of U, and an unsaturated
group concentration of 1.6 eq./kg, usingihydrogenated MD . Synthesis
Exanple 3 10 In a reaction vessel equipped with a reflux condenser, a

nitrogen introducin u n 1.2 spanasmcdf gl ywrosilsHtene
gl ycol (W@%b‘i%o’ng‘@pg‘égt gxg?&ggﬁgfgg?gﬁ&thw ene gl ycol PTMGL000 (Mh =

1000, manufactured_by, M TSUBL SHI E CORPCRAEIL N1, 1816 patdascdf 2, 2
15 bi s(di%%&%YﬂyFyﬁufgﬁgﬁgeaggd%%“g parts of castor oil LMR

(manuf act ur ed b%%{:—l%gl_&]ékle% Eogﬁghgé'égcg,’gt%@ar 1S P AWdipasnadee DI, 153. 9

parts of WeEHYI arts “of "stannous octoate were

charged with stirring and heated C i ; t t he
reaction %\%%V?@tcﬁﬁﬁgéﬁéacﬁt’ ?5Ctetoﬁ7ég %\r{:%r\’?s%gglr ts]%gl'l%etna,}r% ZA}%HS of

met hoqui none, (. 29. 3 parts . of LI GATESTER 01R ( uredk by; AYORL A
CHEM CGAL €¢r£elignt) aéﬁase% b&r Fgleofsugtfgr?ﬁeoésf oct og{égégmlére added,  and after

replacing a nitrogen introduci ube by .an air_Jnyroduci ng. ¢abes1the 25
reacti on Was éo’ﬁ?gﬁﬁéd f&ﬁa?‘ﬁnff&%?%utr&n 56%%%eoareeéagctlfon was conduct ed f or
10 hours while adding 0.09 part of tert-butyl-hydroquinone and 0.04 parts
of stannous 38 octoate every 9 hours to obtain a solution of a

pol yuret hane resin. After cooling t 2 p. S rekhyl am ne and
977.0 parts of pure BETr Ntk %‘%ﬁe@@gﬁ%% ?éguﬁl%néﬁgE@gFuti on. After
adding 0.5 parts of Surfinol AKO2 (manufactur.ed by Ni WP m cal

I ndustries Co. ,(RE%.a)t,l%%abﬁtehﬁ %&%snec%tspnﬁs?%ﬁégig &]ﬁnder reduced

pressure at 50C to obtain, as a transparent_|j qui olutige of
a radi%tion cuf@sl &3s1afiaat Wtbéﬁeagﬂjse%bs p(%)(fqa%fré? ﬁg%@ﬂggg?%oﬁl !IJ) havi ng
a nonvol atil e content of 30.0%. a solid,contens. of agi a 9fing9. 2
KOH ng/ g, P&SE&PEn R RATEER (SPTHR N W? & th%%lsﬁt%‘?g?eﬁgg?%u%%p .

concentration of 1.5 eq./Kkg,. usi olytetr I L g@dsilica.
hydr ogenat(éd - VB, 28 ,pqltVéJre‘?r}%l ?i%%s%rgx%?g %Qgcgg%lgghﬁet al materials

(Exanpl es) which are obtained by applyin Latien a agueeystgaat i ng
conposi ti ons of* 7 Y5iEsétt 3 n%%srﬁ‘iialgsn,o%?’%%cgﬂé %5 Eggﬁggggﬁeous °

p0|yUfethgg&dg%ﬂﬂ%éAbgﬁfg%ég%é?igg%o 5%5@ iéfEﬁggpk?fbéttﬂa§ tena@afmt ah

mat eri al plained together wth Conparative

Exanpl es. Exanpl es to 9, aratjv 3l nideeekdange With
Tabl €1, Par(ﬂaé’tlicorf"%lu‘f%{bq fAqued 23%0161 F%%qg%ﬁ%%éll%igonrco%t gi ning a
phosphoric _acid ester 25 conpoun n ue Lysnet Bangureshanel 1)
and col | oip(ljléﬂsf’g]ql?cca et Pt epar e#é@%ﬁpl( gg' 19!;}% g)a As anpgﬁgti ven

Cramples, 3oL U881 ROUBGYSC 0BLLTnETDAS | L 0B 39, ol ot
prepared (Comatl 95, EXRTRLES, 22200 452 Comparal bve Beamhacel an
group 20 32811, SOUBLA 2ol RS engnds ek hascaead il iy vy
CHEM GRS 14 Nads U501 2,509t asegmagti hamiter o suant con aled vl g

Table 1, this. i ) bed; a6 29, " aqueous pol yur et hane" (Conparative
Exampl e l)e.rl regr}lg%gg%:%iéglcorrpoﬁents ot her than the aqueous resin are as

described in Taple Ltasqf puABLEGah valfues aldieindhan Narcentages
are parts by ma;?égh?%e?gﬂ%ééﬁéreé%ﬁl: phosphoric acid ester, manufactured
by NI PPON KAYAKU, €O, 1 ETD) 5 LT 98¢ UG 811895 ohehy dneetaid] oy sphenylor

ket one as Bhotbpbf YHBFFYa %8}r}lcfni@§|gatgor, enuf act ured by G ba Specialty
Chem cal s 20 -Silicon A-179: y-nethacryl oxypropyltrimethoxysilane as

si | ane coup!f ny* aent, manuf act ured by. Ni ppon Unicar Co., Ltd. Snow ex-C
colloidal silica treated with alum num manufactured by N ssan Chemi cal

| ndus€ri es Ltd. Aquacer 537: water dispersion olefin wax, manufactured by
Big 25 Chem e, an, FZ- 3153: sil.ic i J@nufyact ured by N ppon
Unicar Co., Lt d.%?? SBOSRIPS e 59'lfl~%%letre.%, Hﬁi'l 10 |oyf O, ord .-1 -1 ~MO

NM~C The phosphoric.acid ester compound (I) used in the
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radiation curable aqueous coating composition of the present
invention is a compound having one oOr more ethylenically
unsaturated double bonds in a molecule, and examples thereof
include phosphoric acid alkyl ester, phosphoric acid allyl
ester and phosphoric acid aralkyl ester, each having an
ethylenically unsaturated double bond in the same molecule.
More specific examples are reaction product of phosphoric
acid (meth)acrylate represented by the following General
Formula (1), i.e. phosphoric acid monoester or phosphoric acid
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 (é.g., glycidyl methacrylate) and phosphoric acid,
phosphoric acid monoester or phosphoric acid diester, and
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.

General Formula (1)

Ry O O 0

I | i i
CH2=C-‘COCkH2k'—(OC—CsHlo)n’_o IP— (OR2>b
a
(OH),

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

represents alkyl group having 1 to 8 carbon atoms, k

000
ONM
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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)

General Forumula 2

$1
CH,=C-—

O
I
0- (CkHQkO)ﬂ r_ (OR2>b

a

T (OH),

O
|
C

(wherein R; represents a hydrogen atom or a methyl group, Ro
represents alkyl group having 1 to 8 carbon atoms, k
represents an integer of 2 to 4, n represents an integer of 1
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)
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 g-caprolactone to 2-hydroxyethyl
acrylate or 2-hydroxyethyl methacrylate and phosphoric acid.

Examples of the phosphoric 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-

O
O o\

O
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1. 91 Manufacture of coated netal materd al Using the coating conposition

and aqueous urethane resin thus prepared, a coating filmwas forned on the
surface of, & -8gyatniat grci:glllaltyé lre 2rilybad xgesinilb e thaicanl 3 a£the net al
material to be Toated, a 0.8 mmthick el ectrogal vani zed steel sheet with no
pre-coatipng.Lrgathprgal-awer (hereinafter referred to as a non-treated

el ectrogal vani zed steel sheet), a 0.8 nmthick gal vani zed steel sheet with
no undercoat | %égf p%%%bﬂdﬁfé &fcilefermread dompbiras @ Inarpt riegat &b Al ¥RMhi zed
steel sheet) and a 0.8 mmthick chromated (coating weight: about 10 ng/n®
reduced t o, gt gl GUCOMHNAANS) i8] Selvcagay artek Steialg stiedh awdhes ised.
Wth resp%ct 0 the non-treated gal vani zed steel sheet, a rust preventive
oi | fidm of tg% %peet was renoved with nethyl ethyl 15 ketone before use.
I'n Exanpl §§™7°"2%nd 9 and Conparative Exanples 2 and 3, a coated netal
material was map fgﬁ;to 19 the 4 ddiaw nepripowed . (1si g ehelrageiewns rod #3,
a radiation curab aqueous coating conposition having a nonvol atile

content of 20%was aapl 4 of @achdsdhe eiaht et etmptsves that a
cured canPﬁglpﬁlﬁ S a t%ﬁgkness o?)about 1 Vim followed by drying at

80C for 2 gj}\%%ti hye &y, @i £o S Y8y - £ 5k Ngo atH@OmdY &1l gba pfassurehirkecury

| anp, a c8 ing filmwas cured by irradiation with ultraviolet light of a
dose of 130 ml/crpy{ VO e SO6E e tldr 25rfMes tRe CovpaidityeoExahple 1,
using a dFATIown Tod , an aqueous coating conposition having a

nonval atile { L 692, 2090 YBS2 aPphé edosBob hah aesiiseanceatihdgthel m
has gi(?hi (%ﬁeﬁglgg;g% oﬁoﬁ %m ?ol I%vved by drying at 200C for 2 m nutes by

an air dryer,._-l.n %ng& t appling andmdryraiging ddeowaiect manner
as in Exa%%ﬂ%gjilgﬁ g%gecgﬁpg§2tive Exgnples 2 and 3, a coating filmwas
cured by irradiation ywith.electron beaohefia dosminfa3@ak@y fgoey]l &P an
accel eration voltage o '1%5 KV using an electric curtain manufactured by

| wasaki Elgaf nic. o Nope t gabedoebechyogalyani zedustdekosheehosphonai10
treated gal vanized steel sheets"” and ~~chromated el ectrogal vani zed st eel
sheets" degcri hedsi D Tahkeqa20anendahbavdldenate conBemn bifi ckenon-treat ed
electrogalvanlzedFsteeI sheets, 0.8 nmthick non-treated gal vani zed st eel
sheet gsand. Q. .8, o1 £8; onBhadnehechregakyani zedustedls shebdls, ar agpect ifrany
15 In the solvent resistance test, coated netal naterials nmade of the
non-treatqg1§ge§5%ogglwgmbhed(ateel2sBeebyaweigh¢_@ﬁﬁ@ﬁ@@e&o a

el ectrogal vani zed steel sheet were used. In the adhesion test and the

wor kabi | i tyh 4 &SkorG9abedmmekalismat eri al s made of the non-treated gal vani zed
steel sheet, the non

(2) Aqueous polyurethane resin (II)
20 : The aqueous polyurethane resin (II) used in the radiation
cﬁrable agueous coating composition of the present invention
is a polyurethane resin having both an ethylenically

unsaturated double bond and a group capable of forming 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 4



20 treated el ectrogal vani zed steel sheet and the chronmated

el ectrogal vani zed steel sheet were used. Ethanol as an extra pure reagent
was used in the ethanol resistance test, while nethyl ethyl ketone as an
extra pure reagent was used in the MEK resistance test. 25 ~ The sol vent

T esistance test (nmechanical rubbing test), the adhesion test (grid peeling
test using cell ophane adhesive tape), the workability test I (grid Erichsen
wor kabi ity 43 5 test), the workability test Il (folding test using
vice), the workabilj est o1 hk -( deepodi@Ewneg ifoestl) pdtilye stegregssi eng

sol ution lf‘%%‘fts %ﬁcéb%g%, ’aﬁd t he corBr ogi on resistance test of the cured
coating fil mwer duct.ed | he fehl-ewnag @Rnoceduestethavirtgsw ts are
shown in W%u%gaﬁgyTgﬁﬁegsbeégl vent lrpesi stance test (mechanical rubbing
test) Test pieces of, a coated t8ldaall v MnsdaAe et 2 Wb 1D Hn@0 cm
was made %ﬁgp@pgag?g}ﬁ Qﬁvgggoraggtﬁt%%ggt%tonawag mounted to a head of a

rubbi ng test eégalépghgggén]gn%%%%%r .Pr%stpﬁ TA‘rE‘Eh,?EK@r QgY@(?gg].p,leLtdt) whi | e

bei ng surFBuf iy nsizé of 9.5 x 3.5°cm and after

i npregnating the absorbent ¢ot.to i \Yj i fPach dastr 1 ££€d Wasd

r ubbe prgag’f‘épﬁi Aed2titned %C},S E)@wyg%egcr%qgoeﬁsnlerg) under a 1oad of 300 g.
Then, it was judged et her [or .not _t : assehim agcordance

with the Y8FfFow! gag\réﬁnetder%z?, rﬁr%y @ﬁ%@%qgﬁﬁﬁsﬁlé%?ﬁ observed, and |ess

rubbing mark is observed Any exposed port i IS N0t qhsenvedt i sone
rubbi ng nBRAKEPESoRSEEF IS IF ST ace gtf qu%%&s%aat i s "exposed. The coating

is exposed as a result of peeli of f.. .00 testaf ordg,Peg! hpgstase.
usi ng cel FEPHERE ﬁ@‘h’eiievg Veﬁop%ygr({ldﬂélqglgﬁslq%har‘%i Der cn) ofbll by 11
| ines, each at a 49 distapce of 1 mm was scratched in the coating film
of each test piece of a coafed netal material at the center portion, using

a cutter knife. Then, a cell pphane adhesive /Pl bedrgpmt hg grid
and pkl ed of f (?éﬁi)dl%mpﬂ@%rgag g}a\f t-he('§5a C%%.tl g(\'[\%?allm renai ni nIS o% t he

grid was determ ned and indicated by percentage. Workability test |
(boiling 53&Fid Eri chsen wonkability test) In the same manner as in the

nmet hod of form_ng a id,_ all0 i for ol b1 septerqpRihigoa t hat
Sl ik S oathe (00 o1 gRtye coed Rt

is 3 cmaway f ASm D1 ea pi ec a coated netal material in

size of 5 x 13 cmboiled previou henihheacealher with
portion Ofsatlljfg d}q %St%x% ua eldéJb% %P%tﬁ? gﬁyéﬁlea&?g_k i Q a wi

using an Erichsen testing machine.
In the same manner_as descri

Bg%%&gngé’é’%ﬁlet £ Sékﬂiﬁgr Li gp1vasipeeked of f

using a cé& FGifane adhed ve en the area of the coating film
remai pi ng on the _grid was de ) and, d.ndi bYs PEf €1 ageid group
Wor kab? | | ﬁfltcL'st T?lle C%fotflm |rntr\%relrsngﬁsgi ng vc%){}g) c(g% ing a test piece of a
coated et al teri ' 78 0L+ &r XgdBupM whi 1Washbenbtbyr186ciludes faci ng
t he coat e(fnsduﬁaha%se‘hﬁéﬁ J\L/\gr%é (i%p' sejtr'iﬁgngugheet havi ng the sane thickness of
the test piece epgr eghande beot ¥hihe grbppi AEAWNG N-divistes tihetcase
where the ar{nulﬁjooe\r,@%?&éhg@ts 0 be inserted ig 0, 1, 2 25 or 3, the synbol
“ort, " 1T"ami" T 9§u§3T" is|described in the table, respectively. The bent
portion was su j%c ed to the¢ cell ophane adhesive tape peeling test and the
maxi mum numnber 45 TesettihpduiheeLs waenagne peehbngapebires afas taken
as an index of ??Fe \t/vfe?)%rlr(\ablél|tyi.9 ‘\J/‘br kab?lity tgst 1l (deep drawing test)' 5
Af ter ,eguppj agLied Qutqatnardeapreathe ahvendivint redterapplyiag

| ubri %gti n%&g}“\fl\‘?&agg%%?ig(% squapes peirty cn2) of 6 by 6 lines, each at a

di stance Oéor%gé'ﬁ@ud"‘@ﬁiéﬁrﬁg hedyi Brbhg eaakibng it Moginieach twsitt piete at
the trunk portion, using a ¢utter "knife. Then, a cellophane adhesive tape
was 10 applied pOsthE,gbidmpnd peaked ookl kapiudsy hallieganmes afititey cogthng
filmremaining on the grid was determ ned and indi cated by percentage.
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such as e-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. Among 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 thereof. 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) 1is

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

preferably from 25 to 40 KOH mg/g.
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test pieces, of Conpayrati Leswepebat el eXulian tire odt Rarplthe

r esi stance&t”ei?qg;(ga%?heég?%g?%g) and the NEK resistance test (60 times
rubbing) that are n € 439l¥weRbnkesi; stance o tpedtyst venmonigertdlese tests,
while the ?E%Ta%%ce:gg?%ﬁgggnp?eg 1? 3 and 9 were rated "O' and the test

pi ece of Exanple 2 g@%tggt eq o10'ex atrpe G OQlricR@ thiid REL iLsi ayprtate DU S
coating c FtPon“of thé present invention are superior in solvent

resi stance. .10 As,li Lgnty - LrQMxsRlnaert anat itgsy ienamd ofoeyen&edat i ng
film éghes?bﬂg?8¥tlf“§itﬂ§9\%oqugbi ity test |, the workability test Il, the
wor kabi lity test .lLIl CULARSIRREH ey stanpientiametéspect i ve Exanpl es
are not on¥§°§‘ﬁ%éfi BP%S’%SEO%S\%N resi stance, but al so superior in adhesion,
15 coatl ngtf i-'i%"o%%ﬁ%it%” qf 116l 1S QYE I AN Hdnt: i € hebid saty Si0d U | oand eafdv@hce
and corrosidAtresYStance. I's apparent fromthe results of the resistance

test, the adhesi.aon test A her o1 kahi lidy destiatidediesatyensdei aknfavi ng
no chromat & éo&ﬂwn%n%ﬁﬁcﬁuﬁlcegxertslthe effect equal to or 20 higher than that

in the case 3&@%%{‘@163%%%%@%6}9’1 a; £ paved € § r@ad npolyinothenetfect of the

adhesi on t §°
25 compounds having a carbodiimide group, such as COSMONATE LL

(mixture of carbodiimidated 4,4’ -diphenylmethane diisocyanate

and 4,4’ -diphenylmethane diisocyanate manufactured by Mitsul



and the solvent resistance of the coating film |NDUSTRI AL APPLI CABI LI TY 25
-The radi ati on curabl e aqueous coati ng conposition of the present invention
i S an aqueous coating conposition which is 52 highly safe and is capabl e
of 1 nproving working environment, and whi ch has excel | ent et hanol
Tesistance and excel |l ent MEK resistance, which could not be attained by the
prior art, and excellent adhesion to vangous articles to be coated, and
also 5 which is suitable for use in coating conpositions, coating agents,
inks, prinmer coatings | By agent sermheatodt etlipeebicmaterial of
the preséien g4 o?‘umflg&gair%lgg g% nmetal material conprising a netal

material and a coating filmf gnnthg syi{asenetiithedaegabupat eri al

t he coaﬂHﬁ}W%$?ﬁﬁfﬁ%€?nﬁo?B?ﬁégEgﬁ cﬁéingéthg radi ati on curabl e aqueous
coating, and has_hi sol vent. tesi stapger andsexgael hentTwdhesioore
particulaﬁqwu%ﬂﬁEgFga BYtﬁ?sﬁB%ﬁﬁhg&ﬁg fhe surface of the metal, and is
suitable for use in various workin Ug.RosEes gSYah cambsaweiendeep draw ng.
53 CLAI MPalyispadpReFBnceUPIBI sagago%g coating conposition conprising: 5
(1) a phosphoric acid ester conpound having an ethyl enically unsaturated
doubl & bond, (2) an aqueous pol yurethane resin having both an ethylenically
unsat ur at ed doubl e bond and aggrou% ca able of formng a salt, and 10 (3)
col | oi dal silié8-32. PPRYOLaGCEPSN cdr bl e aqueous coating conposition
according to claiml, wherein the phosphori hqd esiEpamatngd grewalgs an
ethyl enical | y Bﬁsé@&rﬁpédogoﬁﬁngﬁgﬁﬁ %ﬁ’c nﬁ?%ées phogbhoric acid esters
havi ng a (nmeth)acryl oyl oxy group represented by the General Fornula (1):
General Foenubg UEPIR1 ClI-12=C-COCk |-12k - (OC-C5 H-0)n -O P- (OR2)b a (0

Hyc 20 (wherein R~ represents a hydr.ogen 1 TEidvd1 gEeup, RZ
represents an @leéwpl@rsot?& VA r?bl%c%JDQBInccar Q{)gnc%trgyrrs, K c'?e%dr: esents an

integer of 2 to 12, n represent n_int of dPorRexdnd-Db, 4~Cc = 3, a
r epr ddent prapyileneysrl sy ?ﬁkigﬁpﬁ)é¥¥§3%bﬁgésents an integer of 0 to

2). 3. The radiation curahle ueous [ qoposiéh&ngBEESI i ng to claim
1, mhereiﬁl@e@ﬁqq9%7cﬁ'%£§9?§§%F%i%&gégibggﬁﬁate conpoggﬁf of the aqueous

pol yuret hane resin is dicyclohexyl 9,4 rdihsocyanapent Snedhel, 2-
radi at i onNE@PEHI la ‘coat ﬁ%e%%ﬁé§2§¥ionlgcco$ding to claim1, wherein

Sof’§[ o ?2%%@—&23—3{%@8@59%}%9%}(1bf_@gwpu§i PObyUpehbanely esin is

e radiation curable aqueous coating

conposition according to claim1, erel £o€0! Eokdahesiyli aameshsaueflace
15 tr eat edrfitht =t "%%Fﬁn%slgltoé\tl\gdﬁ%?% gn%teri gl conprising a netal

Fﬁ;er{gl %ﬁ%é%éﬁ%ﬁiﬁg giégﬁggéfeg,OHyBPQgéH5£@@ebQEphEﬁomEBa| mat eri al
hydrogenated bisphenol F, and castor oil-modified diol.
The glycols further include glycerin, triol such as

trimethylolpropane, tetraol such as pentaerythritol, and

castor oil-modified polyol.
20 Examples of the polymeric polyol include polyester
polyol, 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



coating filmbeing formed by curing the radiation curable 20 agueous
.coating conposition of any one of clains 1 to 5 with radiation. 7. The
coated netal material according to claim6, wherein the netal naterial is a
nmetal material with a coating agent on 25 the surface thereof. 8. The
coated netal material according to claim7, wherein 55 the coating agent
is zinc, an alloy of zinc and another n&bal, or a zinc conmpound. 9. The
coat ed netal mat erial according to claim@8, wherein 5 the netal nater&gl is

a non-chr ogg ec?étﬁ% Sé‘f}‘? 1 mOnodl yet el &oneranahabt 88| aghylcaayeddnet al

mat eri al , i Si ng The s eps of "applying the radiation curabl e aqueous

coating 0Si t| o 0R61 0kt gkal nguﬁyLOgByomdyheethﬁtacé 10 of a
nmet al rrateetrq:reaﬁ <?I%Ca gol vent component in the coating conposition

to forma il i at [ng hegtoationd eithewrw decadi ati on.
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compounds with ethylene oxide, propylene oxide,

20 tetrahydrofuran or g-caprolactone.

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, diisopropanolamine, dipropanolamine and
dibutanolamine or monoalkylalkanolamines such as

methylethanolamine, ethylethanolamine and methylpropanolamine.
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yanate group can be conducted at a temperature within a

isoc

range from 20 to 120°C with or without using & 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, 1f necessary.

Examples of the polymerization inhibitor include

hydroquinone, tertiary butyl hydroguinone, and methoguinone.

25 As the urethanization catalyst, for example, dibutyltin

dilaurate, stannous octoate, triethylamine, N,N-

dimethylbenzylamine, sodium hydroxide, and diethylzinctetra(n-
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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 hydrogquinone, tertiary butyl hydroguinone and methoguinone 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
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aminosilane such as y—aminopropyltrimethoxysilane,y—

20 diaminopropyltriethoxysilane, N-f- (aminoethyl)-v-

aminopropyltrimethoxysilane or N-B-(aminoethyl)-y
aminopropylmethyldimethoxysilane.
Examples of the ketimine compound include ketimine
compounds broduced 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 agueous polyurethane resin (IT) using the
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material whose surface is coated with a coating agent of
metal, a metal compound, non-metal or a mixture thereof.

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
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
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
such as zinc phosphate among metal materials coated with these
coating agents, when a coating film is formed by applying the

radiation curable agqueous coating composition of the present
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In the method for manufacturing a coated metal material
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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
(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.

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
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 example, by the method
of heating the metal material used in the step (4).

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

coating composition, the resin in the coating film 1is cured by
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The radiation is preferably ultraviolet light or electron
5 beam.

TIn the case in which the coating film is cured by
irradiation with electron beam, polymerization initiators are
not required. The coating £ilm can be obtained by irradiating
with electron beam of a total dose of 5 to 200 kGy, preferably

10 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
KeV, preferably 150 to 300 KeV.

In the case in which the coating film is irradiated with

15 ultraviolet light, it is cured in an air or an inert gas
atmosphere using a mercury lamp or xenon lamp as 2 light
source.

In this case, photopolymerization initiators are added.
The photopolymerization initiator can be arbitrarily selected

20 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 nonvolatile content of the coating
composition.

25 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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SAXlO@ﬁ %gce o%oq%e&m%%aﬁ material using the radiation curable
aqueous coating composition of the present invention, the
5 coating weight may be decided according to the 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 pm.
10
Examples
The present invention will now be descfibed specifically
by way of the following Examples. First, Synthesis Examples
of the agueous polyurethane resin (II) used in the present
15 invention and agqueous 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. 1In the following

20 descriptions, the viscosity denotes a Gardner viscosity.

Synthesis Example 1
In a reaction vessel eguipped with a reflux condenser, a
nitrogen introducing tube and a thermometer, 2.4 parts of
25 polyoxyethylene glycol (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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silica were prepared (Examples 1 to 4). As Comparative

Examples, radiation curable agueous coating compositions,
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Using the coating composition and aqgueous urethane resin
thus prepared, a coating film was formed on the surface of a
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 undercoat layer (hereinafter referred to

10 as a non-treated galvanized steel sheet) 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 before 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 aqueous
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 pm, 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

agueous coating composition having a nonvolatile content of
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air dryer.

In Example 3, after applying and drying in the same

5 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-

10 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.

15 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-

20 treated electrogalvanized steel sheet and the chromated
electrogalvanized steel sheet were used.

Fthanol 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.

25 " The solvent resistance test (mechanical rubbing test),

the adhesion test (grid peeling test using cellophane adhesive

tape), the workability test I (grid Erichsen workability
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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

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
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 load of 300 g. Then, it was
judged whether or not the substrate is exposed in accordance

with the following criteria.

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

@F 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
tape)

A grid (100 squares per cm?) of 11 by 11 lines, each at a
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109%6& ()-débKahce of 1 mm, was scratched in the oating film‘of—each

10
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20

25

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
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
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 boiled previously for 3 hours, and then the
center portion of the grid was extruded by 5 cm using an
Erichsen testing machine. In the same manner as described
above, the grid portion was peeled off using a cellophane
adhesive 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)

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
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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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 squares per cm?)
of 6 by 6 lines, 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-4480 (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.

N Peel of the coating film is observed.

X - Coating film is partially dissolved.
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Corrosion resistance test

In accordance with the procedure of a salt spray test

defined in JIS 2 2371, an aqueous 5% NaCl solution was sprayed

5 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.

10

©: 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%

. Percentage of the areas in which white

30% or more

of the areas in

accordance with

rust occurred is

rust occurred is

rust occurred 1is

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

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.

As 1s apparent from excellent ratings in any of the
coating film adhesion test, the workability test I, the
workability test II, the workability test III and thé

corrosion resistance, the respective Examples are not only

superior in solvent resistance, but also superior in adhesion,

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

As is apparent from the results of the resistance test,

X<) /

the adhesion test and the workability test, the metal material

having no chromated coating film 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.

INDUSTRIAL APPLICABILITY

The radiation curable aqueous coating composition of the

present invention is an agueous coating composition which is
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1096& () - _fesistance, which could not be attained by the prior art, and

excellent adhesion to various articles to be coated, and also
which is suitable for use in coating compositions, coating
agents, inks, primer coatings, and anchoring agents. The
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 coating film
being formed by curing the radiation curable agqueous coating,
and has high solvent resistance and excellent adhesion,
particularly adhesion after working té the surfacé of the
metal, and is suitable for use in various working purposes

such as severe deep drawing.
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C compound having an ethylenically unsaturated double bond

15 comprises phosphoric acid esters having a (meth)acryloyloxy

group represented by the General Formula (1):

General Formula (1)

AR 9 ’
CH2=C""COCkH2k— (OC"CsH-m)n_O |P'_ (OR2>b
a
(OH>C
20 (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 O

to 3, a + b + ¢c =3, a represents an integer of 1 to 3, and b
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according to claim 1, wherein a portion or all of a

5 polyisocyanate component of the aqueous polyurethane resin is

dicyclohexylmethane-4, 4’ -diisocyanate.

4. The radiation curable aqueous coating composition
according to claim 1, wherein a portion of a polyol component
10 of the aqueous polyurethane resin is polytetramethylene

glycol.

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

15 treated with aluminum.

6. 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

20 agueous coating composition of any one of claims 1 to 5 with

radiation.
7. The coated metal material according to claim 6, wherein
the metal material is a metal material with a coating agent on

25 the surface thereof.

8. The coated metal material according to claim 7, wherein
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9. The coated metal material according to claim 8, wherein

5 the metal material is a non-chromated steel sheet.

10. 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 5 on the surface
10 of a metal material, vaporizing a solvent component in the
coating composition to form a coating film, and irradiating

the coating film with radiation.



