;1 JKLMNOPQRSTe3e3 Op p q tu v ~~ 6 T (? DESCRI PTION RADI ATI ON CURABLE
AQUEQUS COATI NG COVPOSI TI ON, COATED METAL MATERI AL, AND MANUFACTURI NG
METHOD THEREFOR 5 TECHNI CAL FI ELD The: present invention rel
radi ation curabl e aqueous coating conposition having excellgmmmmmmmmmmm"
resi stance and excell ent adhesion to the surface of a netal 10 qghg;ial' a
coated nmetal material with a cured coating filmof the coating composition
whi ch has excel |l ent adhesion to the surface of a netal materj
excel | ent adhesion to the surface of DEBSCRIBTIGMterial after m@mummﬂmwmmm%g,
and excel | ent solvent resistance and a manufacturing method 15 tferefor
BACKGROUND ART To nodify the surface of netal materials, for exanple, a
pl ated steel sheet, a steel sheet is treated with various 20 coating
conposi t i oNKENA SN aCERARER AQGECHE nC QAT ENG TC@MPOF ERIONf COARTEPcMERRht is
to inprove the prevention of |eaving fingerprints, workability, chem cal
sol ution resistance,M@MCRTAL | OSNDNMARSFACRURENG aMETHORSEHPRBBFERt i es are
i mproved by mainly applying an organic resin on the surface of 25 a steel
sheet. gFor the case in which the netal material is worked after being
subjected to a surface treatnent, a soft organic resin 2 havi ng good
workability is often used to inpartEeppPIOPLI BIELDOr kability. Wen using
such a soft organic resin, it frequently becones difficult to inpart
properties suchrgs suebane havednessn sellweab tesi si ansdéjaandnwearable
resistance. 5 Also, treatnents for formng an inorganic coating film for
exanpl e, a;ghénBt 8okt eahMesnpard tabAc hahesghakicegleneatminientare comonly
conducted. These treatnments inpart good corrosion resistance and sol vent
resirstanceyepubc A8 WehkabikkeliYent Bhesion 86 ecaspauedawet boft hemeasé of
using an 10 organic resin. For the case in which the netal material is
coat ed owi t i, 88y P5 9anhCcpaabidngetialMnatbe ianganiks @oatired kicamiingy € lins of
often formed after form ng an undercoat |ayer by a chromate treatnent so as:
t o enhancetfbe-agbhesyoBohpbeeen ohhewngtcal hds ssrckatenanddhles iongawni ¢he
coating filmlayer. wever, it is reported that hexad chrone contained in
a chromati ggrageat cand aceeat mageliilbm asdt exicelllenar gahiesienand ithean
envi ronnment al burden, and thus a treating nmethod is required using a
treati ng ageptabavbhgal Awthaximgitky iand adterakkeveme womkemigal a2@ bur den,
whi ch replaces the chromate treatnent. However, it is difficult to devel op
a treati ngepgenienvhisehvbas lrewits@xintiet;y aand aamamalfla c&mvriimgnmertihald bur den
and which can ensure an adhesion equivalent to that for the case of the
chromatse tepat8ept. 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 treatnent, are now requi r BRCHGRAUND fARST d of the working of netal
materials, particularly netal sheets such as al um num copper, and iron 5
sheets, or plated sbdelfysheet suntfreenetfameshdenatieaia s .t Homt ¢X3E¥ Sworked
after applying a lubricating oil to the surface thereof, and are then
degr eased. pTheedt epsedf shppityi rg s&daldbshestti ig Girleagsidy WHED WHLANF
foll owed by working and further degreasing are conplicated, so 10 that it
i s strengl godeshgedomposiingilarfsy artte ssirép asf tag@tylingg chamitidldat i ng oi |l and
the step of degreasing. Therefore, devel opnment of a coating conposition for
form ng an orgabhe obdeictg dfi [thehdsedaendt nendloy igwsioved dH gy g on
surface lubricating function and a rust preventing function or a

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



15 function capable of wet-on-wet coating of another coating conposition,
and al so has hi gh adhesi on even w thout being subjected to a chromate
treatment. To obtain a viscosity of the coating conposition which is
suitable for coating, such as coating and printing, a solvent 20 type
coating conposition to be diluted with a solvent has heretofore been w dely
used in conventional coating conpositions2 coating agents, and inks. The
use of an organic solvent has problens in aspects of safety and health as
vel | as thgawenki B8oenvior®aMENt £ y25 sFoif tehe usasie taf iampeaitv expprfoped atepe
coating conposition, although a drying step is not required, heating of the
coating coypeskbi®AthS SWABhI TBEnGeguthed sofobbaganacviresaajtytof the 4
coating conposition which is suitable for coating because the coating

vi scosity E§eh9@nhﬁghb@koﬁ@%m@ifEQ%@Q&atbrQmpaﬁwwﬁﬁﬁpﬁﬂﬁiesMyﬂtHf&s
viscosity is I'owered by adding a nononer, a problemrenmains in that a

di luting npReRBEet Bakein?s3dded 1kvenitoXes ik ahke,Skind ardhaesAntede. Whi ch
is simlar to the problemof the solvent type coating conposition.

Moreovey, when WSkRY @ RiagieiRlLGWral WRiiGll abi NIy JaSid) doa dimy avieLr he
physi cal properties of the coating film the viscosity of the coating

conposi tiop he 00 highonlher ey 210 ermKiapg it idH ity Use such a
high-nolecg grg%gﬁgﬁk'bﬁn erc}égin. Tﬁergforg, iflis ifffgtltrg% obtain

excel | ent phystfgh cor QRS Uofidfl ! kBnE0RkLag [ rhebeTorsaknentBesapaLeb! e,
i ntensi ve studi es and devel opnent's about an aqueous coating conposition, in

whi ch 15 { Bgoni S6036Y off bR AN GNGOBBITEROR LA i At adieist ed
using watef which is safe and nontoxic, have recently been nade. Dispersion
or di ssol uf,1,0RARk 13 thegig iwfe%qo%%%mé%mgﬁ%awi%mtttr@ nad ¥ Ui an

di spersant or an emulsifier, or a resin 20 which has a polar group on a
mai n ory si ak.haRdal so has solubility or self-dispersibility in water.
The Ig#%ergggﬁg-gigpergible or water-soluble resin has guaranteed
conparatively exgel Leat BLAPEH LA3 chHRWRY Rt MMNGRtUSiRA & J ’Yt VIt @
polar group in a nolecule as a binder 25 resin of the coating conposition,

the resul t ;90,¢9ahi B9 cblakMnle#dsnt, 0 the bRbhiier doatwalers ingsiishance aand
sol vent resi stance. 5 As a nmeans which ¢an conpletely sol ve these

probl ems, fefcgX2BRhed RFeRIeNR ARAY apalek rard tt he yVigyormiMrondtd e
mai ntai ni ng the required physical properties of the coating film aqueous

radi ation gyeabhengoadbi G ¢QMROHh-RNEheCBahieRd on 2@aReeARthd Mex d1ave been
proposed. Japanese Unexam ned Patent Application, First Publication No. He

8- 259888 prQpeses andagueoLy o@inSReca®AngOFRLinS 1R Mt eHorBdetadiat ian
curable mcrogel particles dispersed in water. 10 The m crogel particles
are gel -1i kepbitBHf enaingeRkeldy Whebhrneonesifheparitn & ehfvmatige ayossldmked
structure obtained by crosslinking polyurethane resins through a urethane
bond or a ureaabend, fand tike tpaiyuret baganiesisn amas is radiemtviior ronaretd le

et hyl eni cal | y unsaturated double bond and a 15 salt group. The above

publ i cati opudesari bes thats tzhe reeatinggmkithwdf dsmregicledinatimne resin

particles can contain 1 to 50% of another radi ati on curabl e conpound and an
initiator teeathag 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



radi ation curing reaction therein, and that an aqueous coating 20 film
havi ng excel l ent water resistance and excel |l ent sol vent resistance can be
obt ai ned by using these radiation curable mcrogel particles regardl ess of
t he agqueous coati ng conposition. Japanese Unexam ned Patent Application,
First Publication 25 No. Hei 9-31150 discl oses, as a conposition capable of
formng a highly crosslinked coating filnmg a radi ati on curabl e agueous

pol yur et hane resin conposition prepared by reacting a product, 6 which is
obt ai ned bMigﬂg ’VEE%?' 228diaticom 10h 18 hydrieady campowrd Wiaviong ahrasdaivee
hydrogen to dubfe bond of a cormpound having two or nore (neth)acryl oyl

or oups, a_poLybydrexy JGamReNNd dxaylag an acidic group, and a 5

pol yi socyanate as ‘an i ndi spensabl &€ conponent. Generally, a conposition

having an acryl oyl +80dle H1IGE dh SKARIKY dJe rieltiaaDinllcelt dnas

conventional |y beenused as a radiation curable conposition, and Japanese

Ur]exam ned P%i: egt lé@:&lg ?n%tt'aq.n ’sh'é'er 3 s%l&thl 'a%atall%fﬂ]imm,wop%%'rzﬁ%%@ iron

di scl oses BB that -8 r diration curabl e aqueous pol yurethane conposition

havi ng g rreéhagr yl §>p PR Ist RUPEHR d N 3ENGRIAN, SHRYHSCHa vl HitHRTS
hardrie E; d¥y

surfac n €l Towing resistande, and is used in coating

conposi tions, coating agents, il . .am.ned .2

Aop! i cat | ORSER; PRE KBGhP Rt SEEIY Y Y SIS o AT Re e e face

excel | ent hesi gn, _excelle sol vent resjstance, excellent workability,
and excelIgﬁ?r88§faﬁppiPfec%heﬁeqﬁﬁﬁﬁaﬁbgtby m xi ng radi ati on curabl e

m crogel particles wi.th a radiatiqn curable. | yyhet hane i 20
These radiation&gﬁriﬁﬁgsaﬁ eéﬁgﬂﬁBfVMFbtL%ﬁ€§g§§$ﬁ§é§ﬁbﬁgp'ions é&ﬁﬁﬁggﬁ in
coating co itians, coati.ng agents, .and. i f s I
adhetsi ont_tgggi?:Sg_ g):ygéﬁ'ﬁ’lrg‘l&%[ é |Ciajt!f§ur(tgl.erg.G!ze Iela;’%tcilqllcésﬁr%rrscfo 1015%%%.‘%; %;bt
const rycti ri.al s.an ecorat.i v ; r r rJ;

and 2§%%no?§5g?&%nﬁgeﬁ3ﬂqgg éﬁ5&%1ﬁ§%5ﬁﬂﬁ§%§lﬂgﬁgpgﬂ‘ 5#%%g$ﬂgn bé@é&i@ of
their excellent sol.vent .resis e. EQEE 0Sint | S a

radi ati on iﬁgﬁt%f:g%é& ec?t}sl Sancf:%%%ossltgpcl)r?%{:é}nt ai %‘lsﬁg{agn gghggzg%él yur et hane
resin havi both a_radiat]i r apl t hyl.enj.c nyqﬁg e l.e bond
and a saltggyggﬁpmﬁngoggﬁﬁb Fﬁ#{?ﬁé&@§¥n¥§ggﬁ}g%hby ra Fgg?%h?ngﬁﬁgfﬁe

sol vent resi nce .s. e n as.,t ' ; nt i and
crosslinkiﬁagégaﬁeglﬁﬁh?ggﬁgga ﬁﬁvgffﬁﬁﬁgﬁﬁﬁﬁﬁﬁi3ﬁ8§ﬁhqﬁﬁ§%w§ﬁﬁﬁﬁqﬁty
tend to bedaterionated A% e ehossl LING JawRe JNEAIADN A5 T OroUP
and a pol ar “group st "be introduced to obtain an adueous resin

conposid i 0p,, Thepaf ane, éﬁ\ée%f 18 L Qy edr lﬂir?'}fg' R de@eR Ofcddi@ng

conposition I's increase It becones difficult to obtain sufficient” sol vent

resi stancechoasRehan SAelysd hddiigoSelidikicio Hasf 6 todihadimler

resin is drastically increased to obtai'n the desired sol vent 15 resistance,

the coating,bibprReceres RiHddlae HRh@r,. a netal sheet having such a
cured coating filmcannot be used for purposes that require high

wor kKabi l'ity whieB egR-8Rdu & i @MiRG ANGHNalodtaGHY mdhesionh Whpanese
Unexam ned Patent Application, First Publication 20 No. Hei 10-298213

di scl oses, s3$+3pERMERY IRt MRy RGEX R |t istakidd ok iaft iay erall so1orerand
good adhesion to a base material, a radiation curable enulsion containing a

radi atigon eypabls @ WeSiddno Mt iGh Ras e RolRId Zakire dadihverdontsand al so
has an ani onic hydrophilic group such as a carboxyl group, 25 phosphoric

aci d esterngrelprotar BRey s ROy uxld 161 Al vaHOSRRr idvaadirty est er sal't
group, or the like. However, it is difficult for the resulting emulsion
type compositions, coating 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 step is not required, heating of the coating

composition is sometimes required to obtain a viscosity of the



8 conposition to be honogeni zed during the formation of a coating filmthus
resulting in poor physical properties, such as surface snoothness and gl oss
of the coating film as well as poor solvent resistance and poor chem cal
resistance. 5 Since the enul sion conmposition exhibits non-Newtonian flow,
the resulting coating conposition is inferior in coatability during rol
coating as conpared to a honpbgeneous wat ef-sol ubl e type coating
conposi tion. Such a drawback that the enulsion conposition is not 10
homogeni zedogti hggcbhpobotiehi ahich tise suadebig fiokmcaptday paaduad My in
a thin cured coating filmhaving a thickness of several mcrons, thus
resul ting £Bap9RE $9k¥eBE thedisstancaigh the nowakilngefplematpaers .adhesion to
a base material, and poor workability. 15 Japanese Unexam ned Patent
Appl i cat i opyrFhEshoRab! Weahi @meNe.isShe 161~ 83262wetepaibys @ddiarg red Pat ent
Application, Second Publication No. Hei 2-41555 and Japanese Unexam ned
Pat ent  ApplibRahEeN. aFbksb1RuDliefatingn iNo thidei 259320368 gdimeeicaser o be
t hernosetting conposition, the adhesion of which is inproved 20 by adding a
reactian pEBGEgt 19f +2R1EPRYY thesiskiandnehesehen ©dad,dwhdlchan syl rasi n,
phosphoric acid ester, and carboxylic acid to an aqueous acrylic resin and
an aq!JeoustﬁmcH%. E?c%b@enﬁ'otfh%@h &R tC eRRRS iddadis ghavmpeetal i ent
adhesion, the thih coating filmhaving a thickness of several m crons nade
25 fromthese Cﬂg%%kﬂeiﬂ“we% iy @ HiyHS@loleu 1es Wetianae biadheasi vrsiand
wor kabi lity. As described above, although various attenpts have been 9
made, a cogti goLLLE EALTRE A e prRr tsieeloMahdobaaerny ki, Wiheh has
excel | ent adhesion to the surface of the netal sheet and maintains coating
filmadhesioucpils BRALHNGRRUSE WRDHIIE IBIChaomidech ol auiqio, st oy ch
has excel | ent corrosion resistance and exhibits very high durability to a
pol ar 11 VeRk: A8d 120 s Al HARCTHL als S Uddl @1 lgnSESRIT LF JMENTI ON An
obj ect” of the present invention is to provide an 10 excellent radiation
curabl e aguequs CealiRg CORBPEEbFAN. ivhighdigrhiahtytsabprand wixicell lean
make the adhesion to a netal surface and the corrosion resistance
conpati bl e mgggaﬁ%@;o%eﬁi(‘e%%fde;w dox taonf IfiGtm Wi t h each ot her,
particularPy adhesi on after severe working and sol vent resistance, and 15
particularly durgbislhit)e e e Y didyi g deirgi weolstudiyes At her obj ect  of
the present invention is to provide a coated netal material with a cured
coating fi hEyRaviREnCAHRY an adiRsudn doadiiey sionfored tafort heimmettal ch
mat eri al and excell ent solvent resistance, which is obtained by formng a
coat i ng, 20+hiel Piekdshe Ccoat ithe cUHAsid inpws it s wammde ofasl et al
material and curing the coating filmwth radiation, and to provide a
manuf act ur iaﬂ? ulRhod stihey efadfer ThE QT dsendafienend orathasies i s vetgntly
studi ed and found that a radi ati on curabl e agueous coati ng conposition 25
cont ai ni ngpaeppa@idiei.c phosphoric acid ester conpound, a specific agueous
pol yur et hane resin, and colloidal silica can achieve the object described
above, thus conpligpeisitdie or M) gyelsanitor rferd imgsinThe girstagieohe Meédsem
invention in the present invention lies in a radiation curable aqueous
coating coRpositkia@meeomy ivsing D dildper gEros phorare e los igter, conpdungsin
havi ng. an ethylenically unsaturated double bond (hereinafter referred to
as a plwsphaiict aeisd aegicdra © angraymobr( 19 )ma iR )omars iatpiedust paydir et ankasesi n
havi ng both an ethyl enically unsaturated double bond and a group capabl e of
10 form ngsaladitl iteroa naflferdrsfersidel ik wsirarwatpieous pol yur et hane resin
(1)), and (3) colloidal silica.

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.



The gi st of the second invention in the present invention lies in a coated
nmetal material conprising a netal material 15 and a coating filmformed on
the surface of the netal material, the coating fil mbeing fornmed by curing
the radi ation curabl e aqueous coating conposition described above a with
radi ation. The gist of the third invention in the present invention 20 lies
in a nethod for manufacturing a coated nebal material, conprising the steps
of applying the radi ati on curabl e agueous coating conposition described
above on the suptagemebng metiah rRtrerdoalpleteyr isoilvg & heslev gntobdemsondidr i n
t he coating conposition to forma coating film and irradiating the 25
coating filmmptih,r adiohicas ARRA HaTetho alnlde tihey emiviiarsindescr iWbed eabove,

it is possible to provide (1) a radiation curable aqueous coating 11
conposi ti o, havhRg i 8%CeheeHe falnRNpHeSIcsllapt® paird ieceld atfe adzedinen to
the surface of the netal material, (2) a coated netal material with a cured
coating fli kmg?vgage%)&%elﬂa@ltati@ryeﬂira&ﬁﬁ Horangeg euegldLinti e, eiaing
resi stance and 5 excell ent adhesion to the surface of the netal naterial,

and (3)¢ a d fok MRy aGku it ha-gRrted netal material. BEST MODE FOR
CARRYI NG C%?EQEE ' NVENTI ON (Radiatiogﬁéurable aqueous coating conposition)

10 The radiatiOﬁagg%%gkeU%E#%M%%éﬂxﬁéﬂHhﬂNNﬁﬁxﬂddﬁﬂbﬂﬁ fihestprresdnication
invention containS a phosphoric acid ester compound (1), an aqueous

pol yur et hagg_ 1 g8iun o(lolol il LA A dlarSlddeudh Salpas O orfizsparsg on

medi um of I's agqueous coating conposition is basically conposed of water,
but ey contabp 8R4l 0r9ANIg Soluastle 31 dioRE Py dissglasdr in

di sperse the phosphoric acid ester conmpound (1), the aqueous pol yurethane
resin (1) apd.colloidal silica therein, in addition to water. The content
of the organic éolvent_in the radiation curable aqueous coating conposition
is prefgrably 5% by wei gt 2Q, 05 { &S5 idyaspacts f safetsoaichdieal th as
wel |l as less environnentdal pollution. As used herein, the radiation refers
to energy L R3S WddiaVigdmtididhthawiry b &:dd Gt inied € 1t thesdm
X-ray or thgmgﬁggi 55 (1 5ho§%tofic acid egﬁir_conpound (1) The phosphoric
aci d ester .goapaURd i) odiaed il ide porldiradiaald onoinablieraggeaus coating

conposition of the present invention is a conmpound having one or nore

et hyl eni cal,ly-yasat wated dovhl e douls | rm{aecpa%mm@@nmm trieey @of

i ncl ude phosphoric acid alkyl ester, phosphoric acid allyl 5 ester and
phosphori ¢ -agii d 3l K AStEret 1IB0ACH A NG Bl LIUWA e Cadiyl einsatdirated
doubl e bond in the sane nol ecul e. Mire specific exanples are reaction
products of sphespherie acid (meth)acrylate represented by the follow ng
General Formula™ (1), i.e. phosphoric acid nonoester or phosphoric acid 10

diester, and al kyle EyAG Wiyl c £t hdi de sd ke gl pirdtdythesteat org af pohyepoxy
conmpound, reaction product of a conpound having both an epoxy group and an
et hyl eni calbymingsatgyiahac word erdond gertgleylyai dydnethakriyd i€ ehd
phosphoric acid, phosphoric acid nonoester or phosphoric acid diester, and
15 phosphokihetaeid meliathar dueit)accohmbend epidsent ool biatde fof |Ow ng
General Formula (2). Phosphoric acid (neth)acryl ates represented by the
General Forgdhat(ibn aieipey ticadardy piefern edn@OtiGeneanl adorous acqdying 0
0 CH2=C- COCkH2k - (OC-C5 H-p)~ -OP- (OR2)Db
20 film having excellent water resistance and excellent solvent

resistance can be obtained by using these radiation curable
microgel particles regardless of the aqueous coating
composition.
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 agqueous

polyurethane resin composition prepared by reacting a product,



al (OH)~ (wherein RL represents a hydrogen atomor a nethyl group, R2
represents al kyl group having 1 to 8 carbon atons, k 13 represents an
integer of 2 to 12, n represents an integer of 0 to 3, a+ b +c¢c =3, a
represents an integer of 1 to 3, and b represents an integer of 0 to 2) 5
CGeneral Forumula 2 CH=C1 00- CHOP- (OR) 2 ( k2k ~n2ba (OH~I
(wherein Rl represents a hydrogen atomoréa nethyl group, R represents

al kyl group having 1 to 8 carbon atons, k represents an integer of 2 to 9,
n repr esem}iié}{' { 9t 59651 REa1p$0che MOchaet hdditien3ofaarbpdesslils an

i nt eger of to 3, and b represents an integer of 0 to 2) Exanples of the
phosphori ¢ aGi t . BavLARY t hyaebykayLtoxy goonperbpndsefited by the
GbneralIﬁﬁéﬁﬁépfq)ﬁ%glﬁﬁcFﬂdgéggggou%d obt ai ned by dehydrati on

condensati on of cragi §r Roby¥drRxyst Bykyaesyyl gkeupsd 2- hydroxyet hyl
nethacry1eﬁ%@p%%@ggggggégtEgscoﬁdeﬁsaté of a co%pound obt ai ned by

1 ng- openi no aQdhLLoD Bhnse6AR AkAShanen! AcZabudugyug) Muhaderyl ate or

2-hydroxyé? _ yrate and phosphoric acid. 20 anpl es of the

Goner ab oY 573y STRLPURE EBmsBRaPoh arhed oy b danyarat i on condensalion_
acrylic acid, neTRAEPILIL ScrgREpete B e B e o a oy T o 1O
oo BB Yok Sp3egy 2005l etiefc pmamponabarugoacid st
neutralizin a bas

(1) T e SqhBbts cOREP A ERMB L 4R 61 T e oF oot nvent ) on | Mot oves

he :adhesi on_of ing.fisl mta th | Lsur haces 1wEdl @
addi 1 on 1REPOOFSHEPRr | B ATEs TERE-CPRRET! 5 of Shhe 10 contt g saruty,

addition t ity of the 10 coating solution as
wel | t he, corrosign_resi st n | kalii, est n fsitth@rcoat i n
%%a algFlpﬁec%Q%%l% gg?@%u% §%lyur%§h%h% ERmp@fs itth g

film kiFBaBCEOEﬁ se-action preferréd anount is within a range

from1 to 300, 0y wel.ghh (0.2c09 B¥Ry el Ghipdraduced L@ salesp el calom

basi s) basBdVoH oNVo ontént of the 15 conposition, and nore

preferred annun% i%eMAEG&%a%er%EQ%nE%QU?%{Rp 190 I neeir@hti sthnlce 2.2 by

wei ght redb&34°t8"a phosphorus atombasis). (2) Agueous pol yurethane resin

(11) 20 The_aguggus, 0ol i ethane 11a5ha (Iddatsed dgerichs fadh atiken our abi e

aqueous coﬁflng compositifon of the present invention is a polyurethane

resin having boBQ gﬁegghﬁk%gkﬁﬁ%%ﬂ pasa# afed sdeuhles  band sandud grazi on
capabl e of forn1n8 a salt. Such an aqueous pol yurethane resin can be

obt ai ned it hg 25, 50blsqWieng JTMIG e sSF¥hRX AR L et alidsiomr aducil lent

conpound (af having a group capable of formng a salt using a sol vent,

whi ch does _pot,  Leach Wil 212 1 39ANNe Habiasitdy, and excellent
coatability can be obtained by mixing radiation curable
microgel particles with a radiation curable aqueous
polyurethane resin.

20 These radiation curable agqueous 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 inorganic materials (e.g., metal materials and glass) and
pecause of their excellent solvent resistance.

Any of these compositions is a radiation curable aqueous



15 reaction solvent, a di- or polyfunctional polyisocyanate conpound (b)
and a pol yol conpound (c) is reacted with a conmpound (d) having an

et hyl eni cal ly unsaturated double bond-to obtain a pol yurethane resin. Then,
a group capable of 5 formng a salt in this polyurethane resinis
neutralized and water is added, thereby making it possible to obtain an
aqueous pol yurethane resin. |If necessary,the reaction solvent may be
renoved by distillation under reduced pressure. 10 (2-1) Conpound (a)
having a g ogfpfglliecf}ﬁtfagﬁgfh?;g ad %ghEoﬁE deeduherdiahe R ineMHavidroup
capabl e of rmng a salt” refers to an acidic group capable of formng a
salt wiih g Rse. (0618 AR! 06040 €RA3RLA10EIAYN ThaG R SAldd Wdb1an bhhd
acid. The Torfer Tncludes carboxyl group, sulfonic acid group and
phosphoric_acid ester _graqup, ' efp) des apikpg gyoup,
N—substitu?%% %n?%%gggoaggéndxﬁfkgaéggutg%étE?%gggﬁino group. The term"a
conmpound (a)  having a_gr.o ca | e of i.ng .a |t i¥d he
present in@%ﬁ%?BhO$Ef%gg #geas%%%ﬁ%&née%gfgﬁhggsqgnfégf%ﬁﬁﬂigghb e of

f ' | t I has t f [ l; Q. j tdvit
w i ¢ Re i SOEYLARE cOEP O CBCARAES LBRePBON S ReradS e S A e = 25

Speci fic exanpl es thereof. include.trinethyl ol propane i g acid
ester; trinethyﬁ%VﬁVSﬁangﬁﬁnggﬁﬁﬁdPPcaggi%hgstgfga%6ﬁ§g§f33§§?g%§QKHG
wherein at |east a conponent s sodi ym

sulfosucciﬁ?%?ElBFaggé}%%P§ %f%Fg%%ﬁﬁhiﬁiﬁggeﬂﬁgfhﬁP§Fé %ﬁﬁdlanlﬁg}t

aci ds SucHIEETR. 87 1 RYMPOXTBENFOT I bcr R ARE S CRhy e G RaRL et aci d.
2. 501 S My r ATV opy I BPOBPORFE aart” oTQCRGaPbRynet Ryl Y 5Bl e aci o and

2. 2. bild( | SRR DRYHBRy P BRREaRE & he AR R APT SHor AT NN i oxy et hy

gl yci ne; ,N—bis%Z [.OX hyl ) - 3- car boxy-propi_onam.de; .and I I
groupcontgkﬁ?ﬁﬁe ogygng§ﬁ§c¥8%8 F@Pnwﬁ@%gﬁﬁlgnﬁagﬁ&%§Q§mﬁﬁﬁﬁ$ gﬁ% s @

e-caprolactoge IS ddeg t o di hydr oxyal kyl al kanoi ¢ 15 acid. The requisite
anount of PH aﬁrﬁﬁgvﬁﬁ able of formng a salt can be appropriately deci ded
according to the_kind and ¢ sition ratioqof . the. commonent.s ;Among the
exanpl es descriggdkgﬁogé?sggg%%ﬁﬁ sdﬁgfgﬁg%§n§h§nglg} tmggg?ghﬁéﬁgo
selected from a.carboxyl graq l.£ oni i t. gr or a mxture
t her eof . I?r?ggb%?g?gu gfgfa%%g?ggrgﬁﬁgékiﬁk%o uggrggt§¥%bxy group because
good | ance_ca easi Ly i.ned .i r s T I al ye of

t he aagéouge%%fgagg?haﬁéergg%%% %I%lﬁglggcgggéé?gﬁﬁﬁj%ith?ﬁeg%Fgﬁéé from 20
to 100 K : preferably fr M rGhot b L)
Ponisocsgmg?égc%ﬁggaEﬁg?6§gEf§np géc%fgﬁkégggﬁ§%£§§§§%ate éﬁhpound (b)

i ncl ude al j ' [ a el Qf W& idlitRNalH i Hlid SP st £s
such as l,ggﬁgégﬁggﬁ%Feﬁggﬁi?%%gégﬁaﬁég%é?%?g%glt#F%Qthi]hexanethylene

di i socyan | ysyne pdidi I eqnlesiiggr, of the aliphatic isocyanate,
and adduc?ég?wgﬂgbmﬁgPegaﬁgr§%%¥gp%é%g tﬁé al i phatic isocyanate; alicyclic
pol yi socyanat es; appl.e.~nal tendi iy atieh SUCh A4S 5 §OPh ©OIsh

di i socyanate, df%égbg éxy ﬁ%ﬁﬁgﬁfgz?kﬁ {b d??gﬁbyaﬁéte, hydr ogenat ed

tolyl epe diiso nakpe; Ryl 1y ene Jdidosposanatldh HaSs PRk dstenht
cycIo%@&ylﬁ?4'ﬁ%?iggc§g§ggg,%%ﬁ? norborneng di i socyanat e, triégr of the
alicyclic diigoeyanabe, aAndmddduch @hd® Joow mRiReulal Hd idlba ddeerial,
alicyclic g?%éggyggate;aaronatic-éﬁiéhaé%c 15 pol yi socyanates, for exanple,
aromatic-aliphathe;dhi 8QeuaNAl S AUGR ALY & heoeBnade, cdFdprs  of
xyl yl ene d%iggg§gﬁége,éand adduct of a Iom#nnlegﬁﬂar triol and %he

aronati c-alhphat kgedi ,HAL¥ARRL s Wd1yrRr RRifURRIIINAIb Y Vi fP PRt 1085

for exanple, aromatic diisocyanates such as 20

di phenyl met hane- s (W te anfhd Audreng & IS0PBnaL &5 omatic
polyisocyaagtgglgﬁgﬁ ggb??ﬁﬁﬁgﬁﬁfnethéie triisocyanate, trﬁﬁg?ﬂgf t he

ar omat,cC d{uhéggxgﬁ?%eacﬁ%ﬁ «aqqyct rQI\.W"} |yl aGH afcid iQl1@angkdlie, aromatic
di i socyanate, and pol ymet ylenepéiyp enyl isocCyanate; and polYyi socyanates
25 conpoungg?gﬁxhggp?aggab%@eég(g%ﬁy ||§%§§§ﬂ%§§1an MINATE LL (m xture of

carbodi i m henyl met hane 4.9' - di phenyl net hane
dii socyanate mﬂg&%%tegteq.tb%éw&isfficul]@ for the resulting emulsion type



Chem cal s) and Carbodilite V-05 (term nated ali phatic polyi socyanate
conpound havi ng a pol ycarbodiim de group, manufactured by N sshinbo

I ndustries Inc.). Two or nore polyisocyanate conpounds can be used in
conbination. 5 (2-3) Pol yol conpound (c) As the polyol conpound (c),

gl ycol s and pol yneric pol yols can be used. Exanples of the glycols include
et hyl ene glycol, 10 propyl ene glycol, dieghylene glycol, cyclohexane-1,4
di mret hanol, 1, 3-butylene glycol, 1,4-butylene glycol, neopentyl glycol,

1, 6- hexanedi,ghos 3t MBLNY¥L- beSnBRBEERGdERl du2ehlykhé, Foliexadedi off, a
2-buty|-2-ethy?-1,3-propanedioI, 2met hyl -1, 8- oct anedi ol , 1, 9-nonanedi ol ,
cycl ohexyl .di a i ing ibi pRBenghyEichydpegeratedshi spaanol
A, hydrogeﬁgéggﬁgiE%Egnéﬁug,§gﬁgngégﬁo# o?l-nogiyied digl.gThe glgcols

further ‘”géugﬁrﬁgggeékaothhgk éﬂgrgags%rbﬁekhﬁl%be&qa@neilhet@@oueaqch as

pentaerythrito : castor ot l-nodified polyol. 20 Exanples of the
pol yneric g: éf(g;il)rl gﬁggggtpglexgqgtt%c@ﬁltam ptoBQ' %l%fi@aﬁt %eeqlsxe%clénd

I
pol yet her nol'ecular wei g of “the polyol is preferably within a

range f.rom 500 to_5,000 i .8, of LA LeHhage rEohesuhai,cweiight . 25
Exanplé% of theéﬁg ?eg Srgg%ﬁﬁg?“iﬁ?ﬁﬁ%éqggfﬁester pol yol s obtainéd by the
addi tion reactiop, and/qr c ti r 19N 1Qf 1038 QL Y TBKE NMDNOEPOXY
conmpounds gfﬁ@’sgpgcfg u#%@ﬁﬁa%%%ﬁq%§nggﬁ§€%%§logtﬁgré sugh éé et hyl

gl ycidyl ethe et hyl gl yci dyl -ether . .butyl. gl yci dyl her 1 odelyRukbexsy!

gl yci dyl e?ﬂ%}['?bﬁb%’l dglryy%‘igdilélc’lgt %g’ra:tlg‘écés %l"z/{‘g’ia%)f?ld Zon & nomgdiedt VI
glycidyl ether or alkyl glycidyl St factured by Shell, Japan
under the V?gaﬁ ﬁgﬁﬂgéﬁ %§¥ u%§aéiﬁ% gngm%%gQgF%ﬁore pol ybasi ¢ aci ds or
aci d anhydri des_sel ected _fraom, aliphati ' ;¢ Acl s ;adigikc aci d,
azel ai c acid, sgﬁﬁhig §5F&b§ﬁ§ 5%%Erkg%igkmg%lgpo%§t g%ggpfgaéic acids, or
anhydr.i des, thereof such as 10.iso li.c. ac] er ;hal G 13cid saRd

Cri el 11 RORRESRFERE Ay et Y ?%&%%Itﬁ%éls%gd &6 dg%(%?tla%hydri des 't her eof
such as hydropht halic anhydri a [ i34 | ghexanedi ¢ankexelsisc
acid, in aBa!F%SH?€63¥hé“p%|§%ﬁ€_3%%%??%% égévggﬁ%gggurtﬁgrnnré, poﬁfester
pol yol s obLal 0gdoBy, ¢ 1§ /HAOPERLA0 RALNTENCZ 3l Yol <16RRROIACLBRG AR
a-nethyl-bvare?o actoné.” cC anpl es of the polycarbonate polyol include
hexanet hyl epe. pal a ol yal . .oltai f M. 1,-6 520 raexanedi olanads a raw
mat eri al , %gl§§§r%§%g?ggdﬁgﬁgﬁa§%05fg%ﬁgggggyféng glfborz polycarggnate
di ol made e l; ngl.ycol , pol ycarbonate di ol nade of
3-nephy|-1§é9geﬁ?gﬁé§ﬁ%Qt¥gnd pol ycarbonate di ol made of 1, 9-nonanediol.
Speci fisc_exanpl g5,0hLae uialLalibgls Raloesl: IpEhude cadmolnalshy pand i@lataas
such as pol yet hy Bhe gl'ycol, polypropyl ene glycol and pol ytetramnet hyl ene

gl ycol . Anppg £RES@q -BAkLet AMRLRLEL B A iHeR] Hat ep@r tNppullidsaiy ong efsecona
20 inmprove the solvent resistance and the degreasing solution resistance
whi | e ”ainb@hTFegtHBﬂ Wer kafaisl ity 1655t he o orlida@ sfe luMexan(iZe?d) PGarpa@und (d)
havi ng an ethylenically unsaturated double bond is a conpound which has a
functi onal pogreuRaRAVIKNY Fi8AGT IPUKIY QHitlifbr SRLY aRAl 8320568, diydl@egl =gr oup,
am no group, etc.) and an ethylenically unsaturated double bond. ' Specific
exanpl es ofngvrBsar¢RBOWrhdoaGuds , Mmehud e oH oToRe(iret Hsadmpratvesi such
as 2- hydroxyethyl (neth)acrylate, 2 hydroxypropyl (meth)acrylate and

hydr oyput i, £HBERLAGr Helc@:i ofP paidaiicax v fdidneigt-ac mysdtre s nsl gihoap hginicer i n
di (nmeth)acryl ate and LI GHT- ESTER G 201P (manufactured by KYCElI SHA CHEM CAL
CO, LTD.) aciBnoRydaeX¥doxyaaiasidt, e prhatph@s cladientsarsest, hrandlcarboxylic
triacrylate; nonohydroxy pentaacryl ates such as di pentaerythritol

pentaacryl gteyg dbhydr @66 GmiNiRC M Alre S rileh aspu@oeerdnino resin.
nono( et h) acryl ate; and conpounds obtai ned by the addition polynerization

of these conpoupdshWulgh eHAdEROMPEAa i dHP M RN&@d Ident2Gdraisiatydrofar an
or ~-caprol actone. Thé conpound further includes products obtained by the

Mchael addhthoRoheaGly &1 161 HARIMHJIRC tHHaNaln & o Aiksreéiudn rirons made
trimethyl ol propane tritacryl ate, pentaerythritol tetraacryl ate

25 from these compositions is inferior in solvent resistance,

[a]

adhesion, and workability.

As described above, although various attempts have been



and di pentaerythritol hexaacryl ate and di al kanol am nes such as 25

di et hanol am ne, dii sopropanol am ne, dipropanol am ne and di but anol am ne or
nbnoal kyl al kanol am nes such as net hyl et hanol am ne, et hyl et hanol am ne and
met hyl pr opanol am ne. 21 The conpound further includes half urethanes
obt ai ned by reacting diisocyanates containing two isocyanate groups having
different reactivities, such as isophoron% di i socyanate and tol yl ene

di i socyanate wi th nonohydroxy nmono(neth)acrylate and, 5 nonohydr ox

di (et h) aanadet 8 eowt pnedieis 69FEPﬁe6nb§hFe§8FPﬁgSﬁﬁFﬁagﬁﬁlnpgoﬁﬁﬁﬁate

w t h di al kanol am nes or nonoal kyl nonoal kanol am nes. (2-5) Synthesis of
aqueous pokyewetwtaneh riess nexte}leot TaghealopetRo8h6f SBEERSRI R §§eaﬁﬁé8&s
pol yurethane resin (11) will be described bel ow. First, a conpound (a)
havi ng a gsloewt capabheintaiosnitagtangalfi lmaadhesépnpyhyigneNcsrans

pol yi socyanat e conpound (b) and a pol yol conpound (c%.are m xed so .t hat
excess i SosyaaBé ewgrilpg et ast HespoBrawahgg 2pdaihilsdcpasateacellent
group-term nated pol yuret hane prepol yner. The reaction between the hydroxyl
group and ¢derbspsyanasesganup ead behdbidscvedyahight dwgaldtliityy WX B n a
range from20 to 120C wth or wi thout using a solvent which does not react
with the isecyanabeveneupnd2@nAblkhils theeicalpsopatiamount of publicly
known pol yreri zation inhibitors and urethanization catal ysts can be added,
if necessary. Exanples of the polynerization inhibitor include

hydr oqui none, tertiary butyl hydroqui none, and net hoqui none. 25 As the

ur et hani zati on catal yst, for eraspLesSUHEbOFYINVENGLOHurate, stannous
octoate, triethylam ne, N, Ndi nmethyl benzyl am ne, sodi um hydroxi de, and

di ethyl zi nct et r @i nobj @2t bufoxykt prasienn daveneivsed.s o iy oyristeerared to
react in an organic solvent which is inert to the isocyanate group, and
exanphes tbgeediechbchudeagtehornaramichylquetimsl doettdme, cerpds iddatrat evhich
di oxane, 5 acetonitrile, tetrahydrofuran, benzene, toluene, xylene,
nonogl yne, i di gl yAEy dhiet Ayl shlitbxicde aadkeN tinet myphegrdcsl itdorse melifes e
reaction solvents can be used alone or in conbination. Then, this

i socyanat esgreapet endi naktedopabygioeat kasd st@noee pompegrible médcttedaiig h t he
conmpound (d) having an ethylenically unsaturated doubl e bond, thus naking
it possiblpetn 6bhaibeaepolpurenfaietpmepdl wash whihety has o @tlpi lehi cal |y
unsat urat ed doubl e bond and/or an isocyanate group at a nol ecul ar chain
ternminal aadhaksonhastargsewpreapabikéngf angl fsolmieng &esalgtanget G eaction
of introducing a group having an ethylenically unsaturated doubl e bond, or
i n anatsher paeactidariyatiterbidtitedic =g adhe lgr @y ey iighaP @a#dtohi cal | y
unsat urat ed doubl e bond, polynerization inhibitors such as 20 hydroqui none,
tertiary bmhgthhydobgactond ahe meEseqli Aoverdrieom e dramsr Uil 2 AT he
group capable of formng a salt in the pol yurethane prepolyner is
neutral i zedeandl mhtepiepomimbr a sudieshaosdd N fdfeMas i pirel ent

wat er -organi ¢ sol vent m xed 25 sol ution. Exanples of the basic cquound
capabl e of adbesiahi zonghehsuadasexdt Fhroupmatadt &b ter il St oilehe

group capable 23 , , .
solvent resistance, which 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
that a radiation curable agueous coating combosition

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



of formng a salt, the phosphoric acid ester conpound (1) and the
phosphoric acid esters having a (neth)acryl oyl oxy group represented by the
General Formula (1) include trialkylam nes such as trinethyl am ne and
triethylam ne; al kyl al kanol am nes 5 such as di net hyl nonoet hanol am ne,
di et hyl et hanol am ne and di et hanol nononet hyl am ne; and basic vinyl nononers
such as di net hyl am noet hyl net hacryl ate dfd di et hyl ani noet hyl net hacryl at e.
Then, a crosslinking agent dissolved in water or an 10 organic solvent is
added, if peesesfrynvExaaphes of the crosslinking agent include aliphatic
am ne such as ethyl enedi am ne, piperazine, N am noethyl pi perazine,
hexamet hyl enedi gpingi shydrazinee £ idiset hyhenitashnén thieephrglseartadnvenddion
tetraet hyl enepentamne; 15 alicyclic am ne such as cycl ohexyl enedi an ne,
i sophor onedi agi 08 gr rAAkRGHRANRYIAMIROGIGIKbusatoaRlng avipesitdlnas
t ol yl enedi am ne, xyl enedi am ne, phenyl enedi am ne, tris(2-am noethyl)am ne
or 2,6-diaggﬁ€9¥55gb@e; and am nosi |l ane such as
Y- am nopropyl trinmet hoxysil ane, Y 20 di am nopropyl tri et hoxysil ane,
N-a- (arg noet hyl )(ELY_ Q”‘F'ﬂ%&:@a@ﬁi&f Bl @ateid 2apelindt aatvdmgneet hyl ) -y
am nopropyl met hyl di mret hoxysi | ane. Exanples of the ketim ne conpound include
ket m ne_cgpnoynds cBf aquesais deludiiing sonl | (e aRime:s tefearedb to

r

di am ne or am ne and i sobutyl ketone. According to another nethod for

crossiinkigg groARagpRcRxienslion e diecesous @ghyur ethane resin (11)

using the inking agent, the crosslinking agent is previously
di ssol ved in an (gguggu%q&@ %bgﬁﬁeqrhgqq@ G e3QnUHa@N riyf eRANE by

di ssol vi ng an urethane prepoly in an organic solvent is dispersed in the

agueous Phaseyt0nREERALE AR SARDIS SRNEndTaXeg s Wi eToan,

the organi ¢ solvent is distilled off fromthis water-organic solvent m xed

sol ut 1,60 upden hGIUCSd IR A3t AndAUe i dd tROSY BIre deeahisai n an

aqueous solution“or a water dispersion of a radiation curable aqueous

pol yur et hag?%étgﬁé%ﬁia%e( dedin) (1B Ui

di cycl ohex ane-4,4"-dii1socyanate (hereinafter referred to as
hydrogenat ed Ml )xyasq3 1RAldd1010ri &Ll of the di- or polyfunctiona
pol yi socyanat e conmpound, an aqueous pol yurethane resin (lI1) using

hydrogenat ed Mdnies o35 t0Rfridied anbida mauraen Re e tdrane mtesinveddion
usi ng hydrogenated NDI is preferably used because of its excellent sol vent

resistance;;fsf ahi @ @bl Me-006natad NDIcdmp e nthel enguallyinsamy@ntle i s

preferably 25% by wei ght or nore. Furthernore, the concentration of an

et hyl epy cabhy dnsabunaled 2t Fmfedfor hhaguaduspafy wiat hermmlresin (11)
is preferably within arange froml to 5 eq./kg. (3) Colloidal silica

Col | oi dal gighkieea2aS @Hehidohtagrential M ermats ey iqui2sd hehe adi ati on
curabl e agueous coating conposition of the present invention is obtained by
di sper si ngraegativel Yurhdigetaevphaisatsing caompardiitcl s, des amitherd igbaire
forn\1 of colloid.

' 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 agueous coating



25 Amines may be added to obtain a stably dispersed state of coll oidal
silica. In the present invention, any colloidal silica can be used, but
nore preferred is colloidal silica, which'is 5 surface-treated with

al um num because of its inproved dispersibility. Exanples of coll oida
silica, which is surface-treated with alum num include "Snowtex C'

(manuf actured by N ssan Chem cal Industrilgs Ltd.). The anount of coll oi dal
silicais preferably within a 10 range from3 to 60% by wei ght based on the

nonvol ati | &, P{on?fhwfnajaékaélPéln@uwblzenaq@e@ustaﬁabl agdcempesilehen in
view of an i ovenent in solvent resistance, while the anpbunt is nore

pr ef erabl y Omg[;g&] 3.5 2nge LiPFLSet Or 26Re bycvRLORLtERiENe qageal Rowhiah the

degrea3|ng i'on resistance is thought as 15 inportant. (4) Preparation

of radiation curghl & AgyequsnCQatagycesReshyl ea1ANBakadhakkea1aunab! e

aqueous coéilng conposition e 20 presenf invention Can be obtained by

di ssol vi ng. of. SRl £} 09, A-8N0SRBOT} CnACdre8LebrCoBRIURY L) an aGUSOLS

polyureth e resin Ica In an aqueous solvent. The

agueoug sol & bagheatby £8mPRsed.pkaual 8, (AUl ERY1C0ALRIAAAN GRGANI C

sol vent as~ton %&F ¢antdi'ssol ve- or I sperse t e phosphoric acid ester
compound ( t he aqu s poI e ngd¢ah! Qlzdal ishlica

t herei n, hgadﬂlw?gﬁ $ materXHEgépﬁggnérggﬁl%béﬁFée%F can be a%bltrarlly
26 selected wi thin the above range of conditions. The content of the
organi c solvent in the radiation curable aqueous coating conposition is

preferably 5% by wei g?#&& ﬁ%ﬁlﬁwcﬁfouslaf EY el h as well as
|on t

| ess environnent al In the synthesi's o e ‘aqueous

ol yur et hane resj di.cyc he a

Bre?grably usedfggdi £188|;I¥0%§an2 gggggpgﬁag ?ﬁ)gb %ggggqgkgu:Zd coating
fil [ I L | 10
It ﬂ“ei"L@Z;Q?yf’a;@aé’?f%‘és G L L S e S

di at i cly 5K

Curi ng pol JRErFabeIBhe %”?Igﬁéﬁéglggbﬁ"@ﬁ%%%ﬁf:?%&*ﬁ‘ DAL SN

o oe PL 2% Py ok 0 GuEQHD, bBgyB9EE N ;fleg@mt~°<Iﬁu%@icn:%atleld@ha%tmc%ers
waxes, dTo?yS|% T ART b T emil'Sitrers, Ievel i ng agents, defoaners

ant o dant <. RIS BDELRACLEr L hlégs BLS ofARcAe ui1CA RAGA! Qucbult RSkl

i norganic powders such as Si ers an um na; colorants such as

publicly éggﬁg 9%@f%§”93pbggﬁgéil rgé?peggﬁegk'W%t%&Q”%%ESm%@dch%%ln an

preventiv I ncor porat e necessary. These addifives can be

addedicn t aLin oati c 1tic0Rr AS sHe3Gleose@ I N
Japanese Cpgagﬁfﬁegékg%ggtg gok?atlgo%E E?Ps?qgggﬁlgatfon ﬁ? Hgl 8- 259888,

when the g&%%bwﬁgé ae&aoggeeg éefnﬁasneh%&e? | VRS SRR ot PoNghetet2Bnen the

preparat i aqueous polyurethane resin (11) used in the present

| nvention,  1hg, adels |1 ¥gqcaB e aasi by1abxednvenn,l sl doviid 1l o hiasalubl e
conmpound en using a silane coupling agent as the additive, high

boi I'i ng resistapgce ?@HtQﬁtogEakﬂgdorEQﬁ1%d§bﬁh@&tth%rQ%E G ilafRioeve the
storage stability of the coating conposition. The silane coupling agent

pref er abl yciﬂﬁébfefy&&ébegahoét%eueomwbag1@fnf i1 Y eFle ra@AGH ISW by Widilyran
organic material, and an al koxysi'lane group having affinity or reactivity

W th ap i noFopoLE ﬂﬁtgg%@l:t'snoﬁ BRkeey! anaSpeainfinc examliesd hesseof incl ude
vi nyl silane such as 10
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



20 vinyltrinmethoxysilane, vinyltriethoxysilane, or

vinyl tri s(~net hoxyet hoxy) si | ane; (neth)acryl oyl oxysil ane such as

Y( et hacryl oyl oxypropyl )tri net hoxysi | ane or

Y( et hacryl oyl oxypropyl ) met hyl di net hoxysi | ane; epoxysilane such as

~- (3, 4- epoxycycl ohexyl ) et hyl tri met hoxysi | ane,

ygl yci doxypropyl tri met hoxysil ane, or yglyzi doxypropyltriethoxysil ane;

am nosi | ane such as Yanilinopropyltrimethoxysilane or

y-am nopr opyl LEL &N SIHI13N & quEdTRY CRRItARIL RYOrPd SiRtivox e [tdree;preraent

al kyl si | aine SGCA as i s0 utyltri nmet hoxysil ane, n-decyl trinmethoxysilane, or n
oct adecyl tri nmeth id an Sl S ipragesthleeddded to the
present i ﬁ@gﬁpﬁz&%ﬁyéﬁ( %e&oé@yngl oxylgi;g(e;pyl )trinmet hoxysilane can be used
particul arl r.ef er apl Ys$ id s exeeddiend, hold igignEsstianasofne or
nore Ki ndém)éiaggirlaanegp(%)upql%ﬁg ag&egntls can be m xed 25 previously or added
separately. For exanpl M NOS| N SROXY ShH SHpsh Gaie e sadi e i t er
previ ous| §fdsg P sé)%fn%lrlan%écladn }}?‘el ecte Z%bi trarily, but is
preferably w thin r.an 2 om about,, 0. ds ¢ O 2000y weiiy drased on the
nonvolgti Ieétc%ntaéﬁf p&fo eheoralq(“tfje‘—’roéulsd{ncoat| n%; conposition in order to inprove

the boi i ng,1 gl stance, and 1G5 01 48551 abidid Yin (Geat athemialcomier i al). 5

The coate® Nhfdt ﬁfalfnso%t e present 1nvention, conprising a netal

material and a _coating filmfor Al pred srdal
the coating fi Iwﬁ%iﬁ%q%‘%%f)ﬁa{ﬁgﬁ?n&g&h@%é |§rtli0%rnééclﬁﬁﬂaﬁe Fétque%us ©
coating conposition wth di ation i d "b)fﬁig dhat is,
regar di ng & cﬁ?%ﬂ”c%%ﬂ%%t?ﬁ%?%%s%‘leé%g e ?retﬁz Idr)nat eri%(lgnof t he

present invention, the phosphori i r Khermeal Eyakodt he
aqueous r €9 HE tHe T?hié}ﬁlo%é:hc 16%15;(2 gb%%?%gt%)gn?ﬁgpsuﬁgce of the

net al terial and al so_gcrossli e ri i ; 16

ot hyl B o245 L e b By e O Pt B L Pt ron. To
sum up, the fornmed coating fi S h SBRd ZR& 17 ONg of
t he ePhyléHi€m§§i¥ﬁE%ﬁ¥n§%m $§%ﬁb|€8 %gg$%ugy§§9?€¥%giﬁt?@ﬁﬁmﬁth 7

radi ation, but also firnly_ adh d.du hecai f{nit ¥a 0l r £0€81 gahibbendi ng
of the 20 bﬁ%&pﬁ{br‘?%o’é%i% ?S egﬁgr%ﬁpg%ﬂog%%e gurf%ce o? the netal material.

The coated netal] materja| { pyeph i oBnhbSpHSedci Acyari ous
pur poses, q%ﬁ{bétL%' Cur e%lﬁé%g{jy%gﬁ??{'%néfgi?%?)r/md onlBt hepsurfgce for the
pur pose of _.surf.ace. pro ti I Lew- 288k HE 881 Bepaeyeatten, f endadhesi on
of fi ngerﬁ?}i‘?’ﬁ?h?ﬁb?i%% §n%8§?%§F¥%| éa%lat:e,éhprlpner , Cana coating filmrequiring

no topgcoat, The Lhickness urndt £PaELDYatE! PepseBOhted2By the
speci EFcaIR}iloﬁﬁ’mn?]fle% %ﬁganﬁél?iﬁégﬁggi éled agcorgi ?lg to %)he purposes. In the

case of | Tpay{lnghd NechLPIET PoLALIECTDS! anmodpbifie dedicity, the
e

t hi ckness © cured coating filmis preferably within a range from about

1to 3 um of cpEEULRLRE b9 SREUGEnERE1CEBEMAlEViI(LY sueh as
gr oundi ng, (@%a}f’r%?g?}ﬁ?g ﬁesgﬁr angi ng frgm about 0.5 to 1 umis preferred.

Exahpl es %aﬁ@fc@é?iyﬂﬁk@%%ehﬂ?' ude non-ferrous netal materials such as
titanium °‘copper, alumhum and zinc, in addition to steel materials. These
metal materials may be 10 material whose surface is coated with a coating
agent of nmetal, a metal conpound, non-netal or a mxture thereof. As the
coati By agﬁgﬁerglnpgg}nuggagilr)]g agent can be used such as zinc, nickel,
copper, chromum tin, lead, alumnum iron, or an alloy thereof; a
nmet al - based coating agent 15 prepared by dispersing silica, alumna,
pol yet hyl ene. gl ycol or amne in the netal coating agent; g met al conpound
coating agent such 1zi§&)nc phosphate,?ﬁgnesi um phosphat ey or (al um ?ga; and
a non-netal fc ing mgem C S ce cs ite Qresith—or(@Ry X ure
thereof. A cogﬁliqﬁg I(Zyer gﬁkg_g orm(s on g {_ﬁgbgurfa g of the r?eatal
material by f@a thermal spraying or plating nethod using/t SR coati ng
agents. In the case of a netal material coated with a coating %@gent
containing zinc, nanely, a netal material coated with zinc, an alloy of
zinc and another netal, or a zinc conpound

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

represents alkyl group having 1 to 8 carbon atoms, k



25 such as zinc phosphate anong netal materials coated with these coating
agents, when a coating filmis fornmed by applying the radiation curable
agueous coating conposition of the present 30 invention to this netal
material and then cured, it is possible to obtain a coated netal materi al
whi ch has hi gh surface hardness of the coating film excellent solvent

resi stance, excellent adhesion to the netadl material, 5 excellent corrosion
resi stance and excellent workability. The netal naterial nay be a netal
naterially%gﬂgbeﬁggtﬁﬁ Shtdgee, oam i voryanis ceptésgntsl anf ontedebyof 0
pre-coating ‘treatnment such a chromate treatnent, like the prior art. As the
material iy, the coated, netal 3 g efé?fe@éntﬁea@r eseagetOontendi 6n, aadnet al
material with 'no inorganic coating filmcan be used. In the case of a netal
material contai 'ﬁggzgﬁc-g@eégg betal rsupface, it is believed that a
phosphori ¢ &ci conpoundlis Ikely to react wwth 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 treatnent in the effect of the
adhesign to the rhal and the solvent resistance of the coating
film funé%%FEﬁ#Tﬁég%ﬁg% %he present invention, thus making it possible
to avoid problens 20 such as toxicity and environnental burden of hexad
chrome. (Method for manyfacturing coated netal terial) The nethod for
manuf acturing a |coated ,Ia material of the|prgsent invention, conprising
the steps of applgitng =£le—-28 @adi @i d4,g0Napl-e Raued@sRcOa) i ng conposition
on the surface df a netal material, vaporizipg p solvent conponent in the
coating conposition to forma coating film ngg r5adiating 31 the
coatiing filmw th radiation, will now be descri éa.cThe met hod for

manuf acturing a coated netal material usually conprises: (1) the step of

[ t ai f t t al f t.h ' [ bi |, t
and. adhgs: BT Vhe e GREP RS EBRPosi PY BACUERY = 29hnBr ol RUBTPal ¥ kkgin &t ops
f al kali d ' id_pickli b ' i-Ng, hot t
i nei ng. antPHRTTOR ho D) PREE BOSROpTorer Bathenr™ BE T apr dving the

wettability 10 and adhesion of 't oatipng go LLi r jexample d he
step of a ?ﬁﬁ?%ﬁ@t%n%ﬂml?ggg?ﬁeﬁf gugh 48 gh?%ﬁ%%ébgggagﬁeﬁ§% ?%eafhent
with zinc phosphate, ftreatnent W th_j sphat hesphabi RY tr eatent |
doubl &%xi @ht?nﬁ ?rga%nen§’g% g?é%?gggggngﬂdgggggt?on treatnment of N
or Co, or %ggkséggkgf &5i££8§&PEBESOU§Sd25n conbi nation, (3) the step of
appl yi ng or ad%erlng The'coa I'ng conposition onto the surface of the netal
material, (9) the drying step of vaporizing the solvent in the coating
conposition on the. surface of the netal material,.. 20 (5) the heating
step for accel | hgsclhEngnbERRbLL9R LBikhesEeaLi RAvEGRRPP@si tion, (6)
the step of_ir?%%é%ﬁ?%%_ﬁftﬁﬁéagpat?on for aécelgrating_theﬂguring reaction
in the Coagﬁé@h9§?€9?6§%§ﬂg ?99u§7}eb?€séh%@doﬁypﬁﬁ@e@Eh@&auh@d@ﬁu¥a (1)

0 o

material previous elerate aforementioned step (9) and/or
af oreqgnt | P@gﬂ@é ?o?lor(\ dund! Bt BenaBt BYdabALIFBRYLAC LEhiHRS s taQat &F net al
0

mat er i al e present invention, a radiation curable coating film

can be forped an.the §e£é§6§5ﬁ§dkbﬁyaeh§h gekonbak Bydue-ngddisaiens (3),

(4) and ( as an 1 ndi spensablé step in conbination with other steps. 5 The

sequence af-{hese,BLEPS LadnaknsRestbucabhiehisaitbed rand camyp dvn s Bactiedand
deci ded according' to the purposes and kinds of the treating chemcal. Since
the curing,yeastson,ofi hheahadiabhoprcurabbgcageesus eeati-hydx@masiiylon of
t he present” i nvention proceeds by radiation, aforenentioned step 10 (6) is
required. The, £oating SOADAsbkiERhGANmBEhdeshaaeed Sad Ratosdi G iagid.
reaction proceeds by irradiation with ultraviolet Iight, which requires
conpangtively c | BRERLCBRbsPRE 1 UNAICAG €@%lr sAMRRA righese
radia??ons. 15 ﬁ%ﬂgfgg ?g$ o? gppfginéfcan be copdjgtedz {%f exanpl e, by a
publicly kﬂ&&@hg?&?g?ogEBQKaangb|r%%%%%@ﬂte@Mbbah%ec@%wéﬂhl(hdlmumﬁlﬂa,
spray coating, brush cdati ng,

include compound obtained by dehydration condensation of an

adduct such as ethylene oxide, propylene oxide or

tetrahydrofuran to acrylic acid, methacrylic acid, 2-



el ectrodeposition coating or the like. The step (9) of vaporizing the
sol vent can be conducted 20 by a publicly known nethod such as air drying,
hot-air heating, induction heating, irradiation with infrared ray and far
infrared ray, ultrasonic vibration or the |ike. The step (5) can be
conducted, for exanple, by the nmethod of heating the nmetal material used in
the step (9). 25 The step (6) is a step @# irradiating with radiation, and
regarding the coating filmof the radiation curable aqueous coating
conposi t i afydtdeysesyd horyheteoati Aghydroxystbutedebpacrydagpodsfi nking
due to irradiation wth radiation such as ultraviolet light, visible |light,
el ectron heampporay @citihe like. The radiation is preferably ultraviolet
light or electron 5 beam In the case in which the coating filmis cured by
irradi ati on witthel gebEpRokeamacpal yseezabnpoundi (ilat ors Beedissol#gdi red.
The coating filmcan be obtained by irradiating with el ectron beam of a
total dose,pfqpspor208 kifopheheiabhytdd BO heutP@lk@ingi mish at esphere
of a gas containing a snmall amount of oxygen or an inert gas atnosphere,
using an el s@Rqgirradi ati ng apparatus of an accel eration voltage of 20 to
2000 KeV, preferably 150 to 300 KeV. In the case in which the coating film
is irradiated. whthpdgsphbrav akeb ks@8k, cbipbandurn@d in aheaiaguepuan inert
gas at nosphere using a nercury |lanp or xenon |anp as a light source. | In
this case, .phoi QROL¥ABbLZRkbANcENiheapeeseateindeadiofhémproves the
phot opol yneri zation initiator can be arbitrarily selected 20 frompublicly
known SUbsééﬂ8§§onTB§ apRURLa¢ARgak$Ombecak Bkt matilly sselfacked waddei s, for
exanple, wthin a range fromabout 0.2 to 20~ by weight, and preferably
fromO0.5 t9,d05sbyqueLgbh, thasedronetbeibearekathke stabtidnt yobft hecoating
conposition. 25 The step (7) can be conducted by the nmethod of heating the
met al jgat egbal 1 4§sebhedonnakh@eitieps €8k avegroBlionSpesiikitancendinti ahe of
t he respective processes may be 34 appropriately. selected. In the case
in which a;epaii ngebibiuheef @fMfcoBobRenguriame ofakbegnmetabunat efi al
using the radiation curabl e aqueous coating conposition of the present
invention, t B8 5260aLhBY Welkeghlr reay aheudecidediatdor di ngnige tfhremplr poses.
For the purposes of prevention of fingerprints and |ubricating steel sheet,
the coatingpgopposkibhAR i(9.2PRL 64 59 Wedghtheecured toati piposiphories a
thickness within a range fromabout 1 to 3 pm 10 Exanples

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 to 2.5% by weight reduced to a

phosphorus atom basis).

(2) Aqueous polyurethane resin (II)

20 : The agueous 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 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 a



The present invention will now be described specifically by way of the
foll ow ng Exanples. First, Synthesis Exanples of the aqueous pol yurethane
resin (I1) used in the present 15 invention and aqueous pol yurethane resin
(I'l') using hydrogenated MDI are described and specifically explained by
Synthesis Exanples 1 and 2. In the follow ng Exanples, parts and

percent ages are by wei ght unless otherwisgs specified. In the foll ow ng 20
descriptions, the viscosity denotes a Gardner viscosity. Synthesis Exanple
linare i e I ui pped W naflret icande [vigodydnagen

i ntroduci %%Etcggg%a?%qgeﬁﬁér %DSr%t erc%mfbg %farts of 25%{10)(;2; hyl ene gl ycol

(Wvn = 600 parts .Qf, 2, i lh;gynwmghg)) PropredttCe@GiThh 30. 9 parts
of pol yes%:gpﬁgiuglld( ﬁ(ggpg(r?l]tdyl% S)Io?/’c&gl( adi pat e: I\% = 500), 4.9 parts of 35

tri met hyl ol propane,, 9. rt f | ef. roRaned )

Takenatg 588‘13(3%&’ f(éjat éragﬁnéi ak%g}gﬁé?glgéc%yol ndust%aé%%;é%ﬁ:ﬂé D
hydr ogenat ed )., 154, art f t e ket . ts of
d%/but 3I ti ko Qﬁgﬁ‘%l@ \ﬁerpéjziéﬁlcrﬁécﬁjgagq(f vrgeet%ms'ti ﬁr?}érl?gj %ngr}%gg,? gggta%qz%o%af(r)ver 0.5

hours,_and then the react, o C t.0 i hen,
0. 858 rt ¢ 96 bslft%% Hlxpd &5’\(:,]%8 @%%&%’ﬁém%% 0 lLSIls 8]-1(%'19tnyrSa?l'lEil;;%C-}jca Z%ri%

(manuf actured by KYCE] S EM, CAL . TD. o) . of K (net hyl
ethyl ket 8A&Fwerte %ﬁ%rﬁ% e{?atcr‘(grngr é-&Da%:?%qoaﬁ%thé? o(gigetthﬁlﬂtarrl(})/guci ng

tube by an air intraduci tube, the r i o] ct i at 70 to
75C for 16GWEXMS At yé’raegg]ar{be 0. U4 bar t%%g%‘et%%rslg%a:ty;cﬂ ﬁs%r %%%%?ﬂevery 9

hours to obtain a soluytion of a palyuret! I esi didcdrt s 9fure.
triethyl aﬁiobrgeé‘rifd "?%%f Y &t uréejls\'e/\\%/ajth@‘r%etmjéﬁ %}}%%’ﬁaﬁy %dde% §o the
resulting solution. After allowing to stand at 30C for 2 hours, 0.5 parts
of Surfinol AKO2 (manufactured by Ni sshin Chem cal Industries Co., Ltd.)

was added and thyl ethyl ketone was, disti o) o £0s & BAUGEd
pressju(ge at Sng?t—gL)obqeoéfi o,urécg %qt FEhspR egntéﬁl(ﬁ%ﬂi d%pﬁﬂgq%%oﬂs solgt?on of

a radiati oné% rabl e aqueous pol yurethane resin (lI1) having a nonvol atile
content off®29. 3k a solid content of an acid value of 40.5 KOH ng/g, a
Gardner viscosity of V,_and u rat e Farippif 25 1.9
eq./ kg. Synt hefi% Sl 1 g%‘el ?%ﬁe%t%%@%%%ﬁ%ﬂ% pped vvllLt(?n a
refl ux condenser ni t,rogen jintro j t t ASEAPAEL 81 52 Be 2wPBRL S
of pol yoxy I neef%g’isyctoq %(%Maé}%b%;&fé}%G arkt?li;go | act one” pol ?/aester di ol
OD- X- 2155 (NMh = 970 f.act b P Seih & GHEM GALS, 4NC.),
21. 14 par s b(?fsez, S sa(n%r%%y%r oi%/o% h%%it\%négipgk acl 1(}‘&3 7.1 parts of
but yl et hyl_pr.o ang%i) ol 9 .par f 10i R i actayef dyou
HCKCK@Ig CORPORAT e, f}ff?r‘érpal?]t%s}h?fe%hf&rq%oggﬁ]at é%okg , 170.9 lpar t sl ofé)yrret%yl
ethyl ketq Q24 { t S P¢i pat endel e £bar gedl wieb

08 MR S i

stirring an over O. ours, and then the reaction was
conduct ed af, 70 C s haUESeq ThBMho 28rSupaihs 0f Nhyde ogesal ed XB
(Takenatea1 (550 v%rgo%ded aun%st e reaction \/\2%; cﬂgnduct ed again at 70 to 75C
for' 15 On%nﬂ?Hﬂ' .ng , 0.2 parts of methoquinone, 40.3 parts of LIGHTESTER
G 201P (rmanufactured by KYCEI SHA CHEM CAL CO., LTD.) and ' 0.1 parts of
Stannous oct 0atg, W &RAAE ol L 84) NeRY 86g N Groubr ogeablateeduci ng

tube by an air i ntroducing tube, the 20 reaction was continued again at 70

to 7585 T rn(di%ctai o, Was cauiuct eghd of rdfeioul svadhi | 6n agddfegs 0t 64apart of
ydr og

tert-butyl- uirnone and 0.09 parts of stannous octoate every 9 hours to

obtain a | h BP0 YA S gLk SEfpaBDe AbE Ef o £R0hG NG 501806nd19. 4
parts of ?ﬁ"ﬁ%‘{ﬂ}jagﬁg ne and 530 %Z@ts %f f)‘%re wat er were added to the
resul ting ti o0 ¢ A t L NG, Q=01 PRE L SqPbuSYI hhP0hg AKBZct Myl aetitihed
by 37 Niazlgrﬁjn}{%:enﬁa I ndustri ecs lCo ch’d.)jﬁgmet hyl et hyl ketone was
distilled9ff underassoduc eSS Fnfite PAG L MDA N UBS @ dTanspar ent
liquid, an aquleous ‘?so uti%ﬁ?@%f a radiation curabl e aqueous pol yuret hane
resin (”)dirkﬁ‘ﬂ’iiég@sfi nonvol atile 5 content of 30.00, a solid content of an
acid value o .3 KOH ng/ g, a Gardner viscosity of U and an unsaturated

gr oup,goncent r at i on. JrhélsbHe hydrggenated MDI. Synthesis
Exarrp?% 3 10 I?légé?leg%:?il%%a@glsésgél equi pped with a reflux condenser, a

ni trogen introduci BBLET aclabeBaELS Of pol yoxyet hyl ene
gl ycol (l\/htr:lr%% ¥f%%%g%%$€go€?£g§%€§etran%%hyl ene glycol PTMEL000 (MWh =
1000, manuf act ured, b TSU CHEM, CAL PORATLLC 148s6epantigiof 2,2
15 bi s(di F@@HB%%%%%%?%%?%%‘JB?S’E&%M, % %gﬁrts of O;%St %r oil LM R

(manuf actured by HOKOKU CORPORATI ON), 70.9 parts of hydrogenated MDI, 153.9
parts of nethyl ethyl ketone and 0.03 parts of stannous octoate were

charged with stirring and heated to 70C over 0.5 hours, and then the
reaction was 20 conducted at 70 to 75C for 3 hours. Then, 0.2 parts of

NN OO~ e Y 1 1 7N T I f~\=T=r—r= 7N N\ A ™~ Y 7N 771 &£~1 I A



The reaction was conducted for 10 hours while adding 0.09 part of
tert-butyl-hydroqui none and 0.04 parts of stannous 38 octoate every 4
hours to obtain a solution of a polyurethane resin. After cooling to 30C,
12.7 parts of triethylamne and 977.0 parts of pure water were added to the
resulting 5 solution. After adding 0.5 parts of Surfinol AKO2 (manufactured
by N sshin Chem cal Industries Co., Ltd.)g nethyl ethyl ketone was
distilled off under reduced pressure at 50C to obtain, as a transparent

liquid, an eqQus ion Ar {86 8t 1 nd o @bt ea pid yooepbaeet agseous 10
polyurethéﬁggﬁ%gyﬁﬂ%?1§g av?g%Oa nonvol atil e content of 30.0% a solid

content of aé‘id;ﬁﬁiﬁ;i’%éﬂ?cﬂnfﬁt@ KOH 9gigm 8ulRs deephvhstaset yNef V-W and
an unsat urdte group concentration of 1.5 eq./kg, using polyteétranethyl ene

T ol mat T B R R 2 B BB B e ot Tng radiaton curabl e
cqueous”ceat| ng £ommeet 114088, 0 BLesehi L Lonuen!eadeed-by iy
L Yl S S
phospho}icbgﬁ?Hy§§?§¥m%§£¥6ﬁgﬁaﬁag???,ggggéqgggﬁs pol yur et hane rgsin (11)
Exanpl es. PLR{BYHER EEEAEr LPRRRE804 caat a2t Sposi 1] ons, 3 whi ch do not

repar ed_ (BbRBATAFPoEBERRNE BECB T SCa R e a p s B B R B e
aroup and 2Ll £29; up Preanaor sedite hna B AR Hea T doPt Aty an
it i e,
Tabl e 1, tﬂFédfstaﬁgéfﬁBeacé ’aﬁ Na?ﬁ& Sigéggsé ét%gkg}ﬁ%éogégratige
descri bed PHETaEY BT Ry e g PRy R e o e S o par cant ages
by N PPON RATREL B0, PBTS R aa e T Ly ety cyoTanery] ‘Pheny ket one

as phot opol rizati i.niti r, 1 fRGH Wed Py aGol 1RRAGIManwiGhem cal s
50 NUG- Si | FU8h 3?154:89‘??%%%%20?‘@ 6%%?3%% tri né%ox%?léaﬁgqas i

15 acid.
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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 aqueous polyurethane resin (II) is

25 p?eferably within a range from 20 to 100 KOH mg/g, and more

preferably from 25 to 40 KOH mg/g.



si | ane coupling agent, manufactured by Nip [

: Li , _ pon Unicar Co., Ltd. Snow ex-C
cpIIO|daI silica treated with alum num manufactured by N ssan Chem ca

| hdustries Ltd. Aquacer 537: water dispersion olefin wax, manufactured by
Big 25 Chem e, Japan FZ-3153: silicone enul sion manufactured by N ppon

Uni car Co. Ltd . 90 NbH, "~ MNOIO~OQODo0 -1, -1~MN

- ) ) l = ,y -1 qu' I d~XO
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(2-2) Polyisocyanate compound (b)

Examples of the polyisocyanate compound (b) include
aliphatic polyisocyanates, for example, aliphatic
diisocyanates such as 1, 6-hexamethylene diisocyanate, 2,2,4-

5 trimethylhexamethylene diisocyanate, and lysine diisocyanate,
trimer of the aliphatic isocyanate, and adduct of a low-
molecular triol and the aliphatic isocyanate; alicyclic
polyisocyanates, for example, alicyclic diisocyanates such as
isophorone diisocyanate, dicyclohexylmethane-4,4’-

10 diisocyanate, hydrogenated tolylene diisocyanate,
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
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Chemicals) and Carbodilite V-03 (terminated aliphatic
polyisocyanate compound having a polycarbodiimide group,
manufactured by Nisshinbo Industries Inc.). TWwo Or more

polyisocyanate compounds can be used in combination.

(2-3) Polyol compound (c)

As the polyol compound (c), glycols and polymeric polyols
can be used.

Examples of the glycols include ethylene glycol,

10 propylene glycol, diethylene glycol, cyclohexane-1,4-
dimethanol, 1,3-butylene glycol, 1,4-butylene glycol,
neopentyl glycol, 1,6-hexanediol, 3-methyl-1, 5-pentanediol, 2-
ethyl-1, 3-hexanediol, 2-butyl-2-ethyl-1, 3-propanediol, 2-
methyl-1, 8-octanediol, 1,9-nonanediol, cyclohexyl dimethanol,

15 bisphenol A, bisphenol F, hydrogenated bisphenol A,
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 oOr more MONOEPOXY compounds
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coated netal material Using the coating conmposition and aqueous urethane

resin thus, prenare COPL{ NOmbh b 54§ Dr sefe p sheh sasfatbydf ghynsdsl
mat eri al ngkﬁe ne?%%%ndesc¥ibed bg}%aL % As the netal material to be

coated, a 0.,8 i,cks e I Lzed I i - i
. .8 L hi ek el ecttagal yanizedost gel gSheetywi ebhap, pee-coatin
treating I%yé? (herel%af%eg re?erred to as g n%n?tre%ted electrogalvaniged

st eel sheet 0, i i 7¢ ;
t%h;;@?eexﬁg&ﬁf%Qilgbégégr{gg%_ztﬁgg%@eb1§B§@9_1V\etheﬁp gedeicoat | ayer

(hereinafﬁ% r ed gal vani zed steel sheet) and a

0.8 nﬁ1thic§¥§§g§§f§§ﬁgfcgﬁai99e§@g9h51y3b991 d0nep/ 62 sedytedlyeigpta

chromi um b& ctrogal vani ze teel "sheet were used. Wth respect to

the nog- (realed SRlygplzed shopl shesl, dabustymnevoohbvergtle b of the

sheet Wi 15 ketone before use. In Exanples 1, 2

A i oot o ErRAI 2 YE) AUPLES 8roRd. 3, pBLEBALEE BLE, BRLaLhal vas

manuf act ur OW ng manner. rawdown rod #3, a radiation

20 appli cP BN aLRebr S heCHBRar R sl PP %S PRBYSLE beEdssn g T
adipic acid, azelaic acid, sebacic acid and dimer acid, or
aromatic polybasic acids, Qr anhydrides thereof such as

10 isophthalic acid, terephthalic acid and trimellitic anhydride,
or alicyclic polybasic 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-caprolactone and f-methyl-56-
varelolactone.

Examples of the polycarbonate polyol include
hexamethylene polycarbonate polyol obtained from 1,6~

20 hexanediol as a raw material, polycarbonate diol made of 1,4-
butylene glycol, polycarbonate diol made of neopentyl glycol,
polycarbonate diol made of 3-methyl-1, 5-pentanediol, and
polycarbonate diol made of 1, 9-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



filmhas a thickness of about 1 um followed by drying at 80C for 2 m nutes
by an air dryer. Using a 120 Whi gh-pressure nercury lanp, a coating film
was cured by irradiation with ultraviolet |light of a dose of 130 mJ/cn®
(conveyor speed: 10 25 m. In Conparative Exanple 1, using a drawdown rod
#3, an aqueous coating conposition having a nonvol atile content of 42 200
was applied so that a cured coating fil mafas a thickness of about 1 um
followed by drying at 200C for 2 mnutes by an air dryer. In Exanple 3,
after appl yimpgoasdtleyspdvientt tesiarensenandethasdegrErgiplesolusA@n? and
Conparative Exanples 2 and 3, a coating filmwas cured by irradiation with
el ectron beagy sfancdosBiok 3@ ik®aihgneythat wankabddheyavifomheokvagd ngf 165
kKV using an electric curtain manufactured by |Iwasaki Electric. "Non-treated
el ectrogal yanized steel sheets”, "nonlO treated gal vani zed steel sheets”
and "chromat ed el ectrogal vani zed steel sheets" described in Table 2 and
Tabl e 3 denote 0.8 mmthick non-treated el ectrogal vani zed steel sheets, 0.8
nm t hi ck non-treated gal vani zed steel sheets and 0.8 nm chromat ed

el ect r agal vani zed-g eebnpbeels. (d)eapeahigvahy et Ay leniche 15onenatt uresiest ance
test, coated netal materials nmade of the non-treated el ectrogal vani zed
steel sheepoapdet BEnahriamat edrplReld adalcvankzed sueek ishedt gwene hsedng n

t he adhesion test and the workability test, coated netal materials nade of
the non'tr?@E@gig§k¥aﬁﬁ%ﬁdi%@%yan%&%eUe.bhe RQArdRyilr @adioesh, amino group,

el ectrogal vani zed steel sheet and the chromated el ectrogal vani zed st eel

sheet "Vereel:'é??- aElhanok tas 12 16Ny Rinsa theagedt deaplesedndl the et hanol
resi stance test, while nethyl ethyl "ketone as an extra pure reagent was

used in the MEKspesiistianegal@iles &% subhe aSebipblntesngflaee noesthydroxy
(mechani cal rubbing test), the adhesion test (grid peeling test using
cel | ophpnenadhesk¥e ) baRlatlhe senkahi Di-hydrestyel hiar ieheh)elssnate, 2-
wor kabi ity 3 test), 'the workability test Il (folding test using vice),
the wor kabh%ﬁ&%x&@%bplylll (oD HaMiate best hydbe yiegraasimeg hyelattyilate;
resi stance test, and the corrosion resistance test of the cured coating
filmuwere ﬁ@HGH?H%@x&ndﬁh&dwwﬂdBMyn}ﬂésp@@@ﬁdu@e@Jth&imesuIts are shown in
Tabl e 2 and Table 3. "Sol vent resistance test (nechanical rubbing test) Test
pi eces of gjgRatalateialtrAEeld alIdHT-FisA€RrOG-5 0X P13 mamutas-thedel and 0.8 ¢
of an absorbent cotton was nounted to a 10 head of a rubbing tester, Type |
(manuf act ugedeby HAACHEM IRRAKA JCOGY@TEN.),; kiothoh yitiolxy hedirg rslrrt@snded-hwidsh a
gauze in size of 4.5 x 3.5 cm and after inpregnating the absorbent cotton
with assol peAtacegthriiest Rpirdee mas tebbetopyedeer pemed adnyes tEek), sl 50
and 60 tinmes) under a load of 300 g. Then, it was 15 judged whether or not
t he substrasedipeaxpesed hiri tadc gredearsee ryilil ety hel ihgidrowiyng criteria. Any
exposed portion is not observed, and |less rubbing mark is observed Any
exposed pombhenmeshnak rotiserasedudiutass iy centibi mgneinie tire aslygrated. and
Smal | trace of substrate is exposed. The coating is exposed as a result of
peel i ng of tomAdhasisopbitaihedymiyd tpeelddug thiest pediymg rdeld tdphared ddivsst ve 20
tape) A grid (100 squares per cne) of 11 by 11 lines, each at a 44
di stance otohpbondsas istr atdhddrien dxiglesogtriopy lfenlemoafideach test piece of a
coated netal material at the center portion, using a cutter knife. Then, a
cel | ogtanetatihebiyde offapewas: apaped lacttdne .grid and peel ed of f rapidly.
The area of the 5 coating filmremaining on the grid was determ ned and
i ndi cat ed by peftentageount kabitiiay inegitudes( ryiddunys ahrtialad dhsdme
workability test) ' In the same manner as in the nethod of formng a grid,
a 10 grid washhedmediddr itcme meswttEiopart ipen whactiiomn 1o ra cnwhe feomedHe &hd
of each test piece of a coated netal material in size of 5 x 13 cm boil ed
previ ous| yttame8hiydorlpr carache heri adwey ledre e papdras myt hofi e tpticpareylate
extruded by 5 cmusing an Erichsen testing machine. In the same manner as
descri bed 2hdabdyen tialee yorh rd tpelr thexe avay Jpge echdbfdialdianp kanidle Dphigle 2S
adhesive tape and then the area of the coating filmremaining

25 diethanolamine, diisopropanolamine, dipropanolamine and

dibutanolamine or monoalkylalkanolamines such as

methylethanolamine, ethylethanolamine and methylpropanolamine.



on the grid was determ ned and indi cated by percentage. Wrkability test I
(folding test using vice) 20 Using a test piece of a coated netal materi al
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 thickness of the test piece was
prepared and bent while gripping wwth a vice. The case where the nunber of
sheets to be inserted is 0, 1, 2 25 or 321the synbol "OI", "1T", "2T" or
"3T" is described in the table, respectively. The bent portion was

subj ected to thg cel Pesive; tapeapeehing testhands t et abxeduiny
nunber 45 of%%%mﬁ¢ﬁ£§9§§e§?s er% no peeling occurs was taken as an

i ndex of the workabilit i L | {0 (deepyanave ngrbess) hdvahger
cuppi ng wé?%%ga?%xp%ﬁﬁggyggggggm#?gg?%ﬁgég2.0omjthoﬂt applging | ubri cating

oil, agrid (25 squares_per.ct 0 bys6i kbpRE&rosachidkoaydhatanagadof 2
nm  was séﬂﬁééﬁ% -nr?%gg%gé ?%é'f%?§$o Seéchﬁtest pi ece at the trunk

portion, using a cutter knife. T e SEYR) hapelwas 2Ad
appl i ed oﬁq#ihiﬁ?déthOBEEP8BeopﬁgPaﬁfﬂﬁbgagﬁgpa?ggbgf thé cogting film

remai ning on the grid was d rm nd_j.Qdj ga
Degrgaéigg“%%@%Y?%ﬂ*Yegszﬁﬁhgagggﬁg& ’A??grbﬁgg??ﬁgygggggfgas?gg sol ution

prepared by dissol ving 18 of. a d si,hgna netgapuf act ured by
Ni hon Park%??%?h@gC%??hEFagf ?ﬁofyggé?gdg?gﬁigggﬁ&gﬁgééﬁg 95C, each test
piece in size of 5 x 13 gﬁlof a cog%ed metal material was imersed in the -
degr easi ngt Pt KBHPBP2SX3HOdPRAPES: After each test piece was washed with
wat er and dried, the state of the coating filmwas visually observed. No
change is observed in the state of the coating filmbefore and after test.

Peel: of the coating film s qbserved. X : ' Lh 1 sRAr tirahly
di ssol ved. 96(%bg?0§VBHBF§§FSP£n€guF8§F Eﬁaggg%F ance with the procedur e

of a salt spray test defined jn_JIlS , ~an S NaGh hs@leUtre®A nwas
sprayéd 5 over E3EHCE SpeﬁsggeOFﬂP§F§§%§§%5a% f%ﬂgﬁggfpg%?oated metal

material at_an atopospherjc tenperatyre of ..: an SVMAKURL) ORaWaBg a
per f or med &EthWéTgeBSeﬂFgﬁél thﬁggggéasF?ggthighéaﬁ?te rugtbocgurrgd

after 72 hours in ac&g\rﬁg%&c W til;l) tge o gllovgi R -Clgyd ‘fd’oil Fuk@tQonRar cent age
i'te

of the are95°PR &®APE s ccurred’'is less than 10% Per cent age of

the areas in_which white rust reed g W IR A [RAGRUINONCH0 are 20% p;
Per cent ageP8f Yt RECYPLE %|$RMRé§§ﬂHF§eﬁﬁin ccg?red is within a range from

ﬁgréo 30% ?r&ixggr %%ntc%%% Oefxcterées qrs%%%ain%t‘@ﬂg“rl?au‘ﬁg 1By iIUSt tORGUIdHAG iirsi i3 % or
15 an isocyanate group-terminated polyurethane prepolymer.
The reaction between the hydroxyl group and the
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 octoate, triethylamine, N,N-

dimethylbenzylamine, sodium hydroxide, and diethylzinctetra(n-
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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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Table 3, since all test pieces of arative_ Exanpl PX LN

the et hanoﬁuqfesa%t%\ﬁierée‘ﬁlépg%a%@et ?%Q?F EJBH‘HS?”‘ a1 %gkﬁ§?¥é§§§?ghést est

(60 tinmes rubbing) that are nost severe,sol vent, resistan .1es anong
these Bestsuchvas edihethrimoppatRanst 2B Sfp| égegflygeﬁﬁgné?ag%égréﬁgd "Q"

and the test piece of Exangle 2 was rated "D', the coatig rgigﬂghuggng t he
aqueous codtéhprekPeRPREbAYSRMERE? pRBSeRESEfivEAEY OnaP8 StiBer or | R
solvent resistance. 10 As is apgarent fron1e§cgtlgﬂt ratingﬁhiﬂ any of the
coating fidimesmekamineeshylt RELHBFEABREPt PPt FRYLRBLASFRABT ity test

1, the workability test Ill and the corrosion resistance, the respective
Exanpl es an%tm®¢rbﬁﬁyesuperior in solvent resistance, but al so superior in
adhesion, 15 coating filmadhesion after severe morkLngWa%h%n%gag sol ution
resi stance and BoeRosfoR*PESIdNKARE. 2APEs IA5FRMERE FPoNPFRE PéslMs of the
resi stance test, the adhesion test and the workability test, the netal
mat er 18 hewgaglaosehvenht 68 8896Fngifi PACEREFLY the effect equal to or 20

hi gher than that in the case of being subjected to,a chromat I ment in
the effect of theamEKESs| 64 FBetﬁéoﬁég&PﬂﬁéﬁeFﬁgp aﬁ&cﬁ geggﬁgghf%?ésistance
of the coating film |NDUSTRILAL APPLI CABI LI, TY 25.The &@diation curabl e

aqueous codRing eBAP0IFt FERYILNERE 2P EEenP1PRVBALI S I's an aqueous coating
conposition which is | 52 highly safe and.is capabl e of imnprqyi.ng working
environnen@ml%ﬁﬁthMFEHPﬁ£§Zé%@elP&ﬁ?mﬁiﬁgﬁgpepééﬁépghc%y&%%ZgégélIent MVEK

resi stance, which could not be attained by the priaor , l.l_ent
adhesi on t6i95FV69§13WﬂP€Pe§r98t%§%55§938¥eaﬁ§ §F§5a§%%&ﬁ€%%'§%§%??g%Ve f or

in in ition i
use 15(:oat ng conpositions, %o%ts

n . .
alicyclic amine suc é%clohexylenedlamlne,

isophoronediamine or norbornanediaminoethyl; aromatic amine
such as tolylenediamine, xylenediamine, phenylenediamine,
tris(2-aminoethyl)amine or 2, 6-diaminopyridine; and
aminosilane such as y-aminopropyltrimethoxysilane,y-

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

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

25 ldiamine or triamine and isobutyl ketone.

According to another method for crosslinking or chain

extension of the aqueous polyurethane resin (II) using the



agents, inks, prinmer coatings, and anchoring agents. The coated netal
material of the present invention is a coated netal material conprising a
netal material and a coating filmforned on the surface of the netal
material, the coating film 10 being formed by curing the radiation curable
agueous coating, and has high sol vent resistance and excell ent adhesion,
particularly adhesion after working to thg surface of the netal, and is
suitable for use in various working purposes such as severe deep draw ng.

53 CLAIMS 1. Aradiation curab a n i H-eR16Q8PYI Sing: -5
(1) a pho§ﬁﬁﬁ??il%§+ﬁge§93PE Lﬁ%ugg %%S}ﬁgfg g ﬁﬁﬁgg?cgflylunsa?urated

doubl e bond an aqueous pol e S b t |1
unsaturatéH“ﬁﬁﬁ%Y%dbbﬁdaﬂnaq§e8¥ gﬂggga 8 é? ?égﬁﬁga 38236?0ﬁaggéggkgé Y

colloidal, silica._2, The radl |on cu uepus..C C i
accor di ng By %+%§ﬂ4ﬁlnﬁh€PePﬁe 8“%h8§%ﬁ @ggc? égtg?&%gggogﬁggégslgg an
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20 group of the aqueous polyurethane resin (II) is 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.
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coupling agents, diluents, surfactants, plasticizers, waxes,
15 hydrolysis inhibitors, emulsifiers, leveling agents,
defoamers, antioxidants, and antibacterial 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. Hel 8-259888, when
the additive is introduced before phase inversion into water
25 in the preparation of the aqueous polyurethane resin (II) used

in the present invention, the additive can be easily mixed

even if it is a water-insoluble compound.
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10%@&fd 0’qn(tzz%@%:’;(y)ethoxy)s:Llane, (meth)acryloyloxysilane such as y-
(methacryloyloxypropyl)trimethoxysilane or y-
(methacryloyloxypropyl)methyldimethoxysilane; epoxysilane such
as B—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, Y-
glycidoxypropyltrimethoxysilane, or Y-

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

20 As the silane coupling agent to be added to the present
invention, v-(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
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surface of the metal material, the coating film being formed
by curing the radiation curable aqueous coating composition
with radiation, will now be described.

That is, regarding the cured coating film on 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
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 also firmly
adhered due to the affinity or chemical bonding of the
phosphoric acid ester group to the surface of the metal
material.

The coated metal material of the present invention is
used in various purposes, and the cured coating film is formed
on the surface for the purpose of surface protection in view
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
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addition to steel materials. These metal materials may be
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 aqueous coating composition of the present
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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.

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

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

coating composition, the resin in the coating film is cured by
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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 a 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 (95).

Specific conditions of the respective processes may be
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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 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 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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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/m2 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

aqueous coating composition having a nonvolatile content of
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of about 1 um, followed by drying at 200 for i(minutes by an

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.

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.

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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VI10%&&&.(%afggféﬁgﬁgﬁ%%gghvgt%5&%103@%”ﬂﬁ@@@@%fésﬁ$ﬁ¥re51stance test of

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 TAIREI 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
with a solvent, each test piece was rubbed predetermined times
(10, 20, 50 and 60 times) under a load 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 is
observed

O: 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
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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.

A Peel of the coating film is observed.

X s Coating film is partially dissolved.
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DVI 10%&&&' () - 6M il 00 dAn &Y 1 OEEEN € ) pbdcedure 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 cm of a coated metal
material at an atmospheric temperature of 35°C and the
evaluation was performed using a percentage of the areas in
which white rust occurred after 72 hours in accordance with

the following criteria.
10

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

OF Percentage of the areas in which white rust occurred is
within a range from 10 to 20%

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

X - Percentage of the areas in which white rust occurred 1is

30% or more
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10 (3) colloidal, silica.

2. The radiation curable aqueous coating composition
according to claim 1, wherein the phosphoric acid ester
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)

g 7 9
CH2=C‘—COCkH2k—‘ (OC‘—C5H10)n"'O IP—‘ (ORQ)b
a
(OH),
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 0

to 3, a + b + ¢ = 3, a represents an integer of 1 to 3, and b
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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 aqueous 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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the coating agent is zinc, an alloy of zinc and another metal,

or a zinc compound.

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 aqueous
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.



