; e3e*H,,-/j0h~GGIH 1 DESCRI PTI ON NSC- MB23 PRECCATED METAL SHEET W TH
EXCELLENT PRESSFORVABI LI TY AND PRODUCTI ON METHOD THEREOF 5 Technical Field
of the Invention The present invention relates to a surface-tregsedid®s al
material excellent in press-formability -and €orrosion resistance. 10
Background Techni que In place of conventional post-coated products obtained
by coating after working, which are used for hone appliances, construction
mat eri al s, autonobiles and 15 the |i KeESGRIFBEGAt ed netal applied with a
colored coating layer is now being used. The precoated netal sheet is
obt ai ned by applying a coatlng naterlal on a netal sheet subj ected to a
pretreat ment for net aEREGCH SHERB W &y f

press-formed after 20 ﬁdtﬂq&@yﬁtﬁ%ﬁbtméd@cﬁp@ﬁlmmermm@md is then
used. Therefore, the precoated netal sheet has proBIens in the corrosion

resistan€e on the cut end face part, where the metal is not covered with
the coating |ayer bréchsi@®xpospsidant timethevémtiomg of f of the coating

| ayer 25 during the ress formn mever e proble n Q4ved by
appl yi ng a chronat e" 15 2t HETR® at LePFETT et létgéf%$ 2 % ?E % ?ggﬁfng a
coating | ayer mmwnrumntgﬁzahemmvalbmmtchmomr@hsbégemahsllbYe@@ht|ve

pi gnment. Such ng generally used at present. 30 However,
fromthe st an %Sf(lt;ﬁt#tes%ﬁ??%%nent al probl em of hexaval ent chrom um
whi ch pﬂ@bably dlssolves out in the chromate treatnent or fromthe coating
material |ayer contgikd8o@nderdvigh e Chrom um base rust-preventive

pi gnment, demands are 1 ncreasing for non 35 chromate chem cal. conversion
treatment and non- ch@oﬂ%ﬁ%ﬁc%%t??@ﬁ?ﬁ&%??%} PR§ETCRBREi RFAGURBS hexaval ent

chroni um Japasese: Ab@xayi ek g eat tEpbhbeihgn KokRI yrdous@@oior - 2

316845 di scl t f d d
excel | ent adnaipBh 1P h%n“ G T BE b BFRGTRT O RoroneBEReR R 20 o

by usingsa chehmeallk@nverpremoateatmehalc@pphtadnglahsalaheoégdpl|ng agent
> and/or a hdiolyiyg copdeneal ol NsLenl tefﬂ% Spgesbhteashbtas, and a
zi rconi um conpound a tanium co oun t he_chromate
treat nent. On sieebtherobbained apanaBpl YR adi fed Fﬁgeﬁ@tﬁﬁbﬁicﬁPlﬁn

(KOkai) No. 9-{2931 ghhs&t 05851acteghpd asept Ot raeMeatngoa ﬁ@tél@Caﬁﬁed
steel sheet having excel |l ent corrOS|on riiystance i.n_the c t ena gge part

by applyi ng a Pel§diekrl pakechri8poxyeha c%ﬁtlhﬁdnﬁfﬁ??a Chite
phosphonigc aCiQh@a§@Véﬁ§ﬁgDW§MEnthdec@aﬂﬂn@tmaﬂdraal|an6x¢9angensuseda base

rust-preventi nt are use 1 nat i p tk

hexaval ent chr%hgﬁgfeﬁ§e {%§t95?%9%h?$ gb%n%h?ggThgs g%ﬁ%% cgﬁvepglon

t echni que d|sc¢@sed51onJa@@nesentbeaanthedC@htend Pabei partenvpRBRatReNo.
2001316845 ensHéggl %&g % ﬁgpgélQgt%otﬁgecgggghaglgaég blit2@san Erichsen
test or a T- bendlng as a lemin wh ress-formng

repr esent ed byeﬁ@@%e@raﬁmhglmst%%rfeiheﬂg PhRE @6a§bﬁg°?§§é?glsa§3Fled by

the press nD'dd@ﬁﬁn@eedélyréeeafet@dn@s coshaved, Wweheséhprpbienat ednnbeal
sheet subjected to C ronaig treat nent her

t echni que dlsc$%s%%d|hYJ%B% %%gLﬁeﬁ%ﬁ?ﬂ%ﬁenggﬁ%mﬁﬂ%IF%a?lggefkgg 8 Ko,

9- 12931 uses zfoe pdéosphateé formihg sheocdtahgcbayerstontaibpangeht and has a

problemin that the adhesion [o g e | art g,en
insufficient a e%%h%g g %ﬁ?%ﬁihﬁogéé%rg%ggt réﬁg%gﬁv EEPHgﬂgjec?ed to a
chromat e treatmentlasbeethearpresingoganayalsypesedr AEdPTERBNE0at i ng | ayer

I s readigly Separateﬁoﬂ&@efo 9@5&'Qﬂeb¥téﬂﬁp8iﬁﬁsoﬂnkﬁe éﬂv@?bﬁﬁbneﬁlthe
pr esent |nvent| onls to SO ve t hese prO ens In Convenbaggﬁ tEChﬂ] gues and
t

provi de a 35 ppeebiemdofcharavatent nehreBhili KRAGPhRYY deRP8M G and,
neverthel ess, gxbi bitiHE EKE6hheat te@atRShENOFESFohanhe abdtingt her having
excel l ent pres -

Th
i ncl udes prOV|E?h§raahriﬂﬁﬁf|Bﬂnﬁéthbﬂgfgrhgﬁévggs gafeggﬁgp bgﬁggtlon

Di scl osure of fhetpreﬁenﬁhvahplgmesentdemaedsoasehanerﬁéahdgtﬁQF BR8N a
chenlcall con a o] a u 1] i ng
(2 oPane. cOUPPTAG apnepdal EoROepE GOhMe baRhins R bbAnchedkaLs 19,
wat er - d|spers|bbetiﬁgsmatealahdlez?racﬁﬂﬁéeﬁiﬁﬁtEénbéﬁﬁdaaﬁBFthaoﬁﬁPinum
conpound as essenuhaleCOABRRRNLSAPH:EAR! BLBLRGatdbna wBkal)SRbUDBOOLES! 1
and further ther a coating |ayer containing an al um num phosphat e- base
pignent is forned, a conposite coating |ayer very excellent not only in the
15 corrosion resistance but also in the press-formability can be obtained.
The phenonena that a coated layer is galled by a press nold during a
press-formng is considered to be a phenonena that a coated | ayer on a
pre-coated netal sheet 20 is rubbed by a pressing nold under a high | oad so
that the coated Iayer |s subjected to a shearlng stress by mhlch the coated
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As the water-soluble resin which can be used in the present invention, a
general | y-known wat er-soluble resin 30 may be used, such as acrylic resin,
uret hane resin, epoxy resin, ethylene-acrylic copolynmer, phenolic resin,

pol yester resin, polyolefin resin, alkyd resin and pol ycarbonate resin.
Anmong these, acrylic resin is preferred because the coating layer is |ess
galled by the 35 press nold at the press-form ng. The water-soluble acrylic
resinis a comlq&\ﬁr dmaicrillqsmrq)rtiesjmq.care aoryy | proaicd haral/wreepatadacryl i ¢
acid and exa f r te,
met hyl net hagm ee‘% hav:trflt&a)l 1%(1%%&&%8%% ?\Eelfeeo‘féfawnjdn%gﬁé/oéltsners
wi th ot her acréytd d’lamnmrétlgh rcqjarqam ares istangs By IS aarﬁzn%tlca

methacrylic acshyBnomsy xRl Qi ES Dl e MBI yent
copol ymer. The npl ecul ar wei_ght, of the acryllc resi n is, in terms of the

mass avePage MOIMQH & Myt USRI, CRFHE ot &2%RFe preferably
from 300, 080 tdls%)&%lo rl}dl@ sﬂlflctahh,e amd ?mﬂcdﬁtmtck@mmﬁc@ff ZndOf; G0, the
vi scosity becangs i e in rking effic . MRy,
decrease. The et Hg]sa Str}tﬁt rocfm‘?g?%r%r\/‘?érlgp 2" worki ng
adhesi on, par ttiteulctHer tmmia,n(ﬂarmaxtm mmmammmmmm ng
property. The al \/ ed | e

formed by coat(ﬁ{:g( ]ls?d l\*d)yyl nrizeg:{ F edt %fdgssg E{lhconc'q%ﬁn | ni ng K%W@%%%ast
one of &0sil argerezqujedwgstzagadntstm&t ahaquptqeel]cﬁmqu;ﬂmr eof, (b) a
wat er di sper si lq_lees S dd&ae $GE ) e é@(_a(sj cg“f‘aég p?a@t‘_ r&o@mlm@wnd and a

titani um conpound an a wat er - s I'e 20 resinas essential conponents,
t heref ore, gocRPJvKﬁﬁ@eﬁﬁ'lhiat%ﬁ iOF ARWHTRPSSH AL INF AT DY W@ ifeni cal |y

converted | ayghcypphdhie Iaasaet-bass@aﬁysupmrrﬂve T;hfgreémurancao@tedmi t he
silane couplin ent and{ x a hydrol ytic condensate ther eof

i 0,
treating sol ut‘t GG 6t Sri 3P TR R NS (P i G u%“?l ng agent
and/ or ashydr djcyrthmatmndernsatpﬂadfmrcm)fthe; efw ey comeiuredoase a
concentration 9:.Q%, §=1 L] he treating solution. If the content
of the silane rglgupl B ng %I%n%}éor a hydrolytic condensate thereof is
| ess than 0.01 g/L, Tftmell’mrm aPrey siomcdedmniqur dEieesad tiit he
coating Iayer Jeedisd Ratdldiini pmte%mfldatfawematpp 0 L, 26 e

addition effect is saturated and this is_unprofitable. (greferredthat
after the 35 cﬂﬂeﬁﬁ@aquiﬁ@iﬁﬁléﬁ%u%raq%eqﬂd?%e@ b’%p"’cd’a‘ﬁ]fﬂg“ R ytthg the
treatmepy sol wid %ldmﬁrphﬁéﬂtcaﬁ Ya COUBERTd Bl |t§é’s§3d1 worHases problaxaire

coupling fornedq b action of - 11 the SI| upling agent and/or a
hydrol ytic co at Th &R~ FR A e’teQﬁ%speé} C%Y c%ef?pga 1S noq:‘ e

particul arly |gevficathddy tdtes cortteirig bayers i efailabd yoxorhtaiprebss onald
concentratton Mg &, gar 4 dip ddEadLbs P AN ShEeddEad | N

solution. If t ica content 1s less than 0.05 g/L,
the effect of I@ﬁfalncﬂhﬁft tﬁeﬂ?titﬁqfﬁci oP re sttt e dEe s uf fOR e

whereasyf it @iaedmnkd0 Hd  tddth ffdedifl1anhanc ngaﬁiwewr rosion 10

resi stance is not obtained but convefsely, the stablllty

surf ace- t r eat i REXAFEMEY P3Gt PRy i s okae) deni ta %@?ﬁo‘h%?ted

| ayer after thze.tr@ 11 e dor nghereaniadd ly cmxmtatrmldsmetzseatmmt na.aa

anount of 0.0 0 y mass,_ ,nor ref er abl ss,, based

on the solid irtﬁﬁ &hiPT§P tﬁﬁﬁ‘é Jrfba‘t}?an%?t%te ‘@B‘?ﬁle%‘t o# agt12|<$’ %%mound

and/ or titani uhesonpdund iR sics nots i i¢anitardy thprma:eeld bmtlt hielze

conmpoun are i 50
mp ?ﬁe ﬁﬂﬁcfébf{%%éﬂﬂ reiey ét%’;ltl ! %%%ﬁﬁém% of r &a et ©

g/L as zli rconi um or aniumin the treating solutlon | f

the content ofanshe WheihRIRRE1EOTRY tJF’?arPQFmrTb?ir thR FPR RNt LREFT osi on

resi stance may;d asdidilphipasatdd iduexceeassl 6hg/by the @fés@tm@Id
enhanci ng the wor ki ng adhesi on_performance is Io% and conver sei)y 1P$
stability 25 in batA RIS s e BREIHEN TTEtThvET t 0 TRVEF SIT%F the

coating and drgrdtglem=fiar &iHrWémmtcmaﬂ. tthees I Iquoss Land opmpooidle amd/ or

titaniu conpound | a nt_.o NBSS y 1
to 50~ gé mas £ hase ﬂnﬁ Lisosihg Eon en(?oxg‘?a%nﬁy?a erav%%é%gé?nﬁj%?hof

t he wat er - sol ui:ddé, rmertztmjleﬁsss @tltsldbmmzpa&}tq%ljl%ﬂt VCOFF®@3ERR but t he

wat er - sol ubl e r r of 0.01 to 100
g/L in the tre]{';tefﬁsln%d o) eﬂtaﬁ{)oﬁ ﬂ%%%‘g concent ration of aéinéeé]smat er-sol ubl e
resinis less than 0.1 g/L, the effect of 35 enhancing the bendi ng adhesi on
may be insufficient, whereas if it exceeds 100 g/L, the effect of enhancing
t he bendi ng adhesi on and deep-draw ng property is - 12 saturated and
this is unprofitable. The chem cally converted | ayer after the coating and
drying preferably contains the resin in an anount of 0.01 to 99.98 by nass,
nor e pref erably 1 to 80% by nmass based on the sol i d 5 content of the | ayer.
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20 attained. The top coating material can be dried and baked by a
general | y-known dryi ng and baki ng nethod such as hot air oven, direct
fire-type oven, far infrared oven or induction heating-type oven. Wen the
top coating material is an ultraviolet-curiabhle coating material, a 25
general | y-known ultraviolet irradiation device nmay be used, and in the case
of an el ectron beam curable coating material, a generally-known el ectron
beam i rr adi at if@rrrr@éz\zilce:yrmy The wdgikctThd rdtealprstssatt figvvamaiam t he

precoat ed nmet I rgﬁe;gu' t

limted but e>aZLarrp es O%Q:toﬁé'&r%ehfga% heet dﬂ\&ﬁgﬂcégg‘dti fajs%tedtmiaénc]g%}ﬁédae&emééi
gener al | y- knoWetadt #ihesieet s such as cold-roll ed steel sheet, hot-rolled
steel sheet, stainless steel sheet and al um num sheet, and pI ated net al
sheets obtai ned by 35 subjectin ne surface or both surfaces of those
metal sheets to a r?ascaﬂ)é%eaﬂ d‘?ier FRURHEUch as hot-di p gal vani zi ng,
hot - di p gal vanneal iTh@ plesSrtimnvaaitions have Zoural wiawmirma al | oyed

pl ati ng, al um na-mna I umzin tin nesr msrllcon zi nc
plating and | EXEH %q%yatcloﬁé’e %?D‘Jeq‘éa‘é’te%o E&e{a é@ SR

el ect r ogal vanisoilmug.iani mmnta:ﬂm]ngel(ec)t ra)rslldian@g cczupiang carg@‘celaatd/rqxplaati ng,
21 e O oM Iy SR o GARRCT RLAI0, (Y G Sla il Ald fgpdanch iy om
pl ating, or a plati Rg LT 6at ment ry process Such as vacuum eposi tion.
Anong thése, r$etla40asr$eﬂeit d haw rtg-ralqjllatm wpriReperd andd/[efertiderHedhuse

excel | ent corrc%rr?g;anho A USAIS )| Tt Bl Uohddie Shefpla
conversion treat the netal, sheet be sub ected to a nor

t r eat nent sucwaa@rm%%rrmrw 1%hel%”al"r %@@feaﬁ Py ’Sjgg:]a"ﬁiﬁres The
test material $oted nihee dreHlIm@iinuna phadgieitdahden pjifg.n&!rit hied dfernded Met al
Sheet The fol l.ow ng netal bI nks e used n.e

Gal vani zed St 8el°C8RESE HEGSP \r,@é( esrﬁe&xc%%‘enﬁ am)uo'lt} a’ﬁ Hqired in
terms of5zi ncrodtoyind pesiciarmse frade a(]bm h_rs thtfeagae agerfoysiahidd)ty (b)

El ect rogal vanized .3t %%!ta%th%% (EG 25 Thickness of sheet: 0.6 mm anount

attached in ternms of zinc /' mz per one surface (both surfaces were
pl at ed) (c) 55~ Nﬂhdﬁ/édleﬂqmﬁﬂmrﬁ@tn@ moated deg@r dfestaldgg brhickness of

sheet: 0.6 MM, @ERURK IR Tcﬁ&*l% Iéﬁ?r%fd@f?&nmngm@ ‘ol iGd¥edalo Bre sur face
(both surfaces wer e pl at%ﬁ) n-11% Al um num 3$ nesd um.0..2%.Si |.i con
Pl ated Steel megs) t &t B & rﬂﬁe‘ﬁ%ﬁﬁ SehefSst

terns 3%pof zrlrsc.ru%egi( 15 raerpmmgfrradm (thridy saurrf:a;_reslorm esplttad) . (e)
Col d-Rol I ed St t ( S of :

Chem cal Conve' s| on reat]‘r rY) &su%i%ld)r?erryht%@% S ng o) Lﬂ %otgrségv\?er% pr epar ed
as the cheni caﬂhlc(bln\télresrcmattadeaiayrﬁg‘ s¢l mededidarn e agiad et Q)

Chem cal Convelgl @R atethlid ﬁ’%rscllt%tél@ oty AL AR SIOYI DLBRY AT NG 5
g/liter of asr ane coup agent g* iter of a water-dis er'si bl e

silica, 0.5 gMhiiecdy a(a@fﬂcrtcd-rﬁ lfrﬁﬁ“t?r?s') hep A CQFTNE P nd and 25
g/literpof an camta%anlacraﬁ Iaqlrkngwm | -%sﬁﬁﬁn@t@hta&si rmamd cal
conversion treating solution re, ilane c in ent used was
ygl yci doxypr oSt %ﬁ@ﬁ%%qraﬁ’év%% t&?zﬁreﬁondlasﬁg"re&ltﬁag' sﬁ%qvcf%asn

" Snowt ex- N' paadmeddmpﬂrﬂs@ (@he,m(c;al,s (X5 Iaml:US(td)l es mamkiorndwe zirconi um
conmpound was arrrmnr um zJ 1.con rQ cryl i cesin was
pol yacrylic a(‘?lbd’ ('b) cdé eegr?véirqsr %n q?'r ea ?@}ﬁ%@t{&sa {é/ Asrg)aqueous
sol ution cont dicni RgdS (@/)I iltrerthef chegiilcale cz:mwa@rqmglaa@ethtanq e/ liter of
a wat erzgli spe ?g‘lu /l;?m%! I;Jh%% phdree A Ry d@a’icéd tiaYdiMdrone Uhehiddani um

corrpound and an aqueous acrylic resin was 1grrergar ed .and used
as the cheni caron@ar\sepér SR atidst i1y o IWRFTn Witdy €adhe i &difl i ng

agent used vvasmt&"zfgﬂcsécltd@wmwem ldm:tzrmmd mlﬁglanw&arrmgsrmrep bl e

silica was roduce m ¢ sIn ustr t he
titani um corrp ?\k&s‘ ttr%tearﬁq%‘rﬁsrr%’r (?re‘rg]: 31 glqu(%oodu‘gesracroyrf ic resin
was pol yacryl |l(ay@m Gind3 @ hiec o c@ted dalye@omlmrmccm s‘ﬁrmﬁmlﬁoﬂmtr on (C) An

| 5 , 1.0
o icors s o iEr R Sporty Satey Gf B PR one) of a

Zi r coni um conpalred en2s tg [theera lomiavum e yHy idssiaphanesi 5 35
g/liter of phogRRGLIG %‘Hr%svg&%e%ﬁ%wn% yH e gk dda shan aald agnver si on
treating solution. Here, the silane 22 _ coupling agent used was y

gl yci doxypropyl tri met hoxysi | ane, the wat er - di spersible silica was

"Snowt ex- N' produced by Ni ssan Chemicals industries, Ltd., the zirconium
conpound was ammoni um 5 zirconyl carbonate and the aqueous acrylic resin
was pol yacrylic acid. (d) Chem cal Conversion Treating Solution (D) For
conparison, a conmercially available coating material for chronmate

treat ment, ZM 1300AN produced by 10 N| hon Par kerr zZi i ng Co., Ltd., was

__f\l . —
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10 layer formed by coating and drying a treating solution
containing, in terms of solid contents, (a) at least one

of a silane coupling agent and a hydrolytic condensate
thereof, (b) a water-dispersible silica, (¢) at least one
of a zirconium compound and a titanium compound and (d)} a
15 water-soluble resin as essential components, and having
further formed thereon a coating layer containing from 1
to 140 parts by mass of an aluminum phosphate-base
pigment per 100 parts by mass of the resin solid content.

(2) The precoated metal sheet with excellent press-

20 formability as described in (1) above, wherein the
treating solution further contains phosphate ions.

(3) The precoated metal sheet with excellent press-
formability as described in (1) above, wherein the
aluminum phosphate-base pigment contained in the coating

25 layer is aluminum dihydrogentripolyphosphate.

(4) The precoated metal sheet with excellent press-
formability as described in (1) or (3) above, wherein the
coating layer contains a rust-preventive pigment in
addition to the aluminum phosphate-base pigment and the

30 total content of the aluminum phosphate-base pigment and
the rust-preventive pigment is 140 parts by mass or less
per 100 parts by mass of the resin solid content.

(5) The precoated metal sheet with excellent press-
formability as described in (4) above, wherein the rust-

35 preventive pigment contained in the coating layer is a
calcium ion-exchanging silica.

(6) The precoated metal sheet with excellent press-
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uw - 26 The thus-prepared precoated-nm&tal sheets were subjected to the
followi ng evaluation tests. In all of these tests, the surface coated with

a coating material containing an al um num phosphate base pignent was used
as 5 a surfacéorgrbdddityarisodeser \wgdiing aagheficowirdst) 3 doat idkPVsayer

Each precoat e¢hgRldn $hHeehdt-aPaRetas kemetall me&ndlé\ill@tgc%a jIng ilray er
in the worked_part was observed throu%&tgb@%mfl er gnification to

exam ne the 1@3[3@5585’(:(9“& SyFLENCe Bt | ayer. At the

coatl ng mmterial contalnine el ﬁﬁmmﬁt???‘@ba“‘?fﬁd o s Ut Sl de.

Furt her ngxrae, ¥l ﬁpegﬁﬁéq?é’%sﬂrle\?«? b@.g:.?c S)?‘&?gf?att&m%nea wor ked

part and powettellty ngealodd tdioh _a:ra:dtttahemm_m(mJala $t1dtae1eofcctdpdmrgitaq«agl‘d ayer

o o e o ki o0 2O ¥kl L e® don el LARG-RGE! ) 4B, R or 1o
srior t

tw ce. The bending was i n arfa sphere of 20C. 20
In the eval uatiispests ibdat |Sn§}JJC@yer(Cdr @clalrrgiontlh@l coamiowgd am;t Fordpl et el y

free of cracks iwas kel ednpoutle AN o WRlerlRING1RDM:E 163 3 very

smal | cracks was rat t he coat |ng | ayer having very small_ cracks
t hr oughfit theS§em¢a@é FRFDOREEF SO0 MRS IFULIGRE W i@%;ﬁélrrf%ﬁ%@ﬁ & ge
cracks cl earl yeahsesnalie nY tthear r@se iny Qedhdiilon ke WUted part was

rated X. In the eval uation resj dqual state.of, the coatin after

t ape- peel i ng, F‘ﬁ@l{?&ﬁﬁ’ngqf‘é{%ﬁeﬂo aY&Far é‘tp@&yapga%i‘ezfﬁt?q %“réic\\’/ﬁ %n the
steel sheet wasteatiad c,ontthetn:i@tgcctatmmg ltay arg Opratrital oy ureder @di ragr sl i ght
separation was.rat.ed ~ the t| al I un oi I
separation V\agltlg’tlg&nbphgﬁ-’é’ (?S%t %glmayer psee:para (,P%%rtl bgg"faﬁsréog)g out
t he benks mrkehepaeﬁlmsorlaﬁe@onteﬁaoh amde cloatiod eetdalt helredty sfurdma he OT
wor ki ng was 3§}di BB%CEJ_IH% ll‘.h%LtJ i1gwat er for 1 hour, then taken out and |eft
standing for 24 hours and theréafter, the worked part of the
coating |ayer was 48&bj e@ﬂ"@d“teéhpﬁ’pé%eé’lrwgmltnﬁ @hé’r&%aﬁ&q FEEHL resi dual
state of the %ﬁéb*tnguttg}’%&ceﬂ.h@nQO@irlelE@-|f%>)t@1c’zi:1b11]9.t1t§zew ai‘ee@xatbeaﬂhmnd
remai ning on t ted s was rated o in

partially undé?é #?é’vﬁ' r?éﬁa%i‘te o:ﬁe\ﬁa'&rtgatsé’&utlctnhﬁlc%;‘t |Ig§f ayaelrns
partialdy undphgephgts:en.mms separation was rated D, and the coating |ayer
separated al nost t g t Gal ling
Test of Coating Layé tﬁ %Q?Stae%‘rm%%%&t h%@t om%%acl%ltaﬁ% o ‘%t?alt. ng Layer
by Bead" (seeShgetl WJ-MN @zrcedflené:cme@al-farmb@slmtéf 6. e \ids

performed, whigh hpoFel,esheFRlROGHRS cb%ﬁrl(?ﬂ_;uﬁia%ﬂﬂaq %ﬁ:&.’lﬁr‘ Qordfaigrat i ng
| ayer of a precoated métal sheet . enerat due to of t&e oati ng

| ayer by a pr@s&ugs- i?Efeé(Ienﬁ"&IV& & t:‘e’(?r Qr?gﬁo ¥ et al
sheet. Hrst, rt1he-p&eﬁm&&dem@hesﬂteemdpra&pnaneﬁwvaﬂqotsmthatru—ona&especi men of
30m"n(vmdth)x OOmn( gt Thi s _specine S e t
metal ol d an8*dMe allsm}eag fétr? % r S\Vicded ™t ﬁg\rg%or?%%%bqwfg}hqvw aaa'jérs:dl us
R of 20 4 nm bt mabiss offi mohe u:leelslpealn@nqms:e@a‘-ndw ched such that t he bead
of the metal nold 133, PheEae eagalrrt%lteh%aﬁw tegact@lece%taecqnwg tihy2CQa i ng
mat erial containin um phosphat surface for

eval uation), &h& QUtEAd apPeRIEHFSwas heé’dbﬁroc aw&%@&&%t of 25
the metsnl ol dob-@ihle chier %%@%ofa(t’:'édeﬁ@tla@t ishRed deemitrRepatednietole Yreet .
In this state, the precoated netal sheet was drawn out at a rate of 200
mimin and t héldep&r 468d38CXEe of the coating | ayer on the surface for
eval uation of the rerleqoat ﬁt@tmibﬂa|fo$:h(p&bdluub.b@d ab)t’shtalﬁiécﬁ&rbﬂaﬂe/}as observed

with an eye and eval uat ed auatl the t|n Iy

separat ed at SYTPRAS &t Eblt&flflg ta‘h1 &GS N %qrg'lgr %‘y 6%(’][ %3(:% y sézt?a%r at ed
was rated ~, sheetodeisoyibayerinsepar aned ofn (40 auoea riatabevef agigout 20~ or
nore b d on r n r ,

coati ngj%leayer hégtg f'?lgl &h%ep%%a:tlg%b fﬂg@f; o tﬁ%a%h%%d adtrecficgoer ?{)l(s:':l%u%

Resi st ance TetemPHdngudtace coated with a coating material containing an
al um num phosphat e- base pignent of the precoated netal sheet prepared was
cut by a cutter to 5 formscratches piecing the coating | ayer and reaching
the netal sheet. Furthernore, the end face part was cut off such that the
burr at the cutting came to the surface coated with a back coating materi al
(lower burr). Thus, a sanple for corrosion resistance test was prepared.
The 10 sanple was then subjected to a salt spray test by the nethod
described in JI'S K 5400-9.1. The salt water was sprayed on the surface
coat ed W t h a coatl ng mat erial cont a| n| 'ng an aI um num phosphate base

—— b o A NN T T 1
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N, .~ H-1,-lTeirlrl"irlrINNNNNNW-ro ~ pm: ~ 'u '~ ant ~ owWU - 30 The

evaluation test results of precoated netal sheets prepared are shown in
Tabl e 2. In the pr@&@daifedeavetrdlptdleetct (Efravhmqsr esent i nvention (Exanple
Nos. 1 to 22 of the.lnvent.io r j 54 cul

Fidlvantld %? Cogf{aCCQL%t G 5 %%l dé & arrecgaavs\%%c}] ‘he

separate in the gallrngtest |"ayer as co
met al sheet umem@lasmwemuténﬁlxcrﬁdri@h?tom&ﬁsdﬁﬂnmlldMer itd¥® t r eat nent

such as zi nc pHOSRNA! & VAR GEPHAY.A VG BATPhRdD. Hlednt i &

reveal s that the precoated netal sheets of "t he present 10 |nvent| on are
superior? Al sghegdceddpaconvftitied Aeyetmidide 3 1% He RIS a’)%tldh? t he

chemcal ly conegilred | ayer, an al um num phosphate base pigment is not added

(Conparative Exanple No., 23) or an al u phat ebas nt |s added
in an amount of |efd%hdnif FareShy Tmi’ “"‘Oé’rfS ?0@#@ o ¥he
resin solid cett ehe @@@mp:@rt&td \mtlﬁﬂampie@tl\lmf Xh)g . tJhe doattibng IFa;gan:a,s
difficult to parate.|l II| n ayery ead and this
reveal s that t% € BFIe“c%-’dt a&. e eets St c%tl-’he%rzg'\ﬁrlees%r‘ts't %nve?ﬁyi (t)ln' are
superiokQ In the 20 precoated rret aI sheets of the present i nvention, when
the chem cally conygrfe [ i &rha,tﬁe, t he corrosion
resistance is enhahol?é1 %Olorarrp)t%rl qltgzgtu\?:\egnm%s Exanp e . 1 and Exanple No. 11
of the Invention) &he¢ ipresentoriavendioss M%Wﬁﬁ%%ﬁ’@nate i ons. Wen

a 25 rust-pr e\i%@te's\eegra'tq%%t drS aa%%rictr&dntaeeceatéd&tr&t 1 igheaddi tion
to the al um num phosphat e- hase pi gnent (Exanpl é

i to 16 of ]Hw
| nvention), tR&VdGSr é‘slc&?trlé’ﬁ e eSS GRS LY AmPREF W Blose

where a g ust- pmevembrs\sefwmmr@t ia%s raotremﬂﬂ_eq (iEx argy eowes.fourd thad0 of the
| nvention),

f f - [
pi gnent in adg?'tr & %1%5’%{‘9%5 I Itwﬁlr?i r?prjf_'r‘?1 eg{s?%hatn@ ;Lfs}eafprn ﬁétatlﬁ‘tﬁdgrb%r r]it I(:\tjlear,
when the rust ppressemolve apidgsepariased @ dhempressexstirangiongssilica
(Exanpl e Nos. r%ma%ka%l?o %‘&zr%%dlz:\)(t% i% ot FrtddlY @iHdedMoong8 sing
e 1 nprove

corrosion resistance i mor eover, the corrosion
resi stance i saeéi'ﬁélalt Shieest NGHLAIhER Wien SHILGHFeRY SIvhh EWIAGSS t ype

chem cajg 3hereRpver %h%lUﬁ@W%dét@@'ﬂa%@r( CYmARLW edaxany e Nos.
26 and 27) therefore, it is er

t hat therustprevetlve is a
cal ci um i on- eREFafGYAG %A |tr¥§até~nlgmi‘?gt 51gn gARYARNG (P Ada&)rlcﬁa%}et o the
present i nvenbmenofaaprsetaeaatee@dﬂ@ualngsrmﬁntemﬁi |ae ity dro ltyitel onor ki ng
adhesi on of cqatl er_.and the rro i Y, S abIe
for press-for °H&gg‘§ﬁ etpl%o%oééd (%c}t hoﬁd{aoc[}gﬁté. exavgjllgté \I‘lg‘ CHr g(lrr(‘tI um
whi ch i s consiederldedstto ope erdviar eimeemngdiumn oespeueiceansd a Add@rdiviyl y, t he
presentz d nventhanolias aauei)ni0hdiRdusdii o/ dldiin as cBerdld 1. A

precoated netal Sheet wth excellent press formability, conprisin nmet al
sheet having GRTEREEHHEHadEdbhayd Sarmeded WntdaToft e rantid 4935 verted
5 layer for WBQaE})érC@@trﬂt@gnam@ @rnylaﬂgtmanhzﬁre@hdmg:rﬁﬂemdm @Rt nNg, THen
terns of solid _contents, | east .ane % a _si.l ane QU Ibr n% 9l and a
hydrol ytic coRGERSTPEOMhE, &e t(ht?) RIS TRVESer'S 13189 i%Fa, Al | east
one of a zi rcmplldmaadnp@tprmaamﬂ att |ttlrmn|p:rrescse-rfpmm*1d1qam$ (cxdb)nsa.d_‘e(red to

wat er - ubl e r, |n S ntr ts, N reﬁeﬁq:

t her eofrspda coaftf %é I g%éser %%o arh%ar]fg' c%}gd;%\q Qghef Lgr?taats{g 0

al umi num phosptﬁattQEb@s@C}mag:mintmep@rl ﬁ(b@ettarht@rbyiheasls)a(‘ﬁlftghe‘-ar@ niSsol i d
content. 2. Tteb%ec%gt 30 R r1eClueh LAY Aacdr CABET IEDidid y as

claimed in claim1l erein said treating solution further contains
phosphat e | onBetBodshEas beoaced Foralimaroning fhis ahengpenon.  One

pressformabi | ity admethaidmed iehh@naiifgl th\@herdmemtdee sﬁdﬁﬁﬁgﬂﬂnﬂdmdmta base
pi gnent_ cont ai ned An s_ar d | ayer |s 0 .alunm rogentr ol&/ph&osphate
I

4. The Yt ecoaf83tiHRPall WREef A1l &Y ﬁr"é’g‘ r mabid ity a8 ¢l'ai med in
claim1l or 3, redeceny saed slhaayae'rln(gorftca:rcms aar trimnst Cpre:lmntqqae:lmggria}teﬂ n
addition to ”igs%' W0 1%*%‘1%%%% Q%%e Qﬁ%'ﬁ%tcea%%t%%nt%%oa%mtgem 25 of
t he al um num phosSphate-base gnhent d rustpreventive pignment” is 140
parts by nass or |ess per 100 parts by mass of the resin solid content. 5.
The precoated netal sheet with excellent pressformability as clained in
claim4, wherein the rust 30 preventive pignent contained in said |layer is
a calciumion-exchanging silica. 6. The precoated netal sheet with
excellent pressformability as claimed in any one of claims 1 to 5 wherein
the netal sheet is a met al sheet havr ng a pI atr ng 35 Iayer on one- surface

Y b1 Y o, Y 1 .
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tltanlum compound is also not particularly limited but

these compounds are each preferably contained to a
concentration of 0.01 to 50 g/L as the amount of

20 zirconium or titanium in the treating solution. If the
content of each compound is less than 0.01 g/L,
insufficient corrosion resistance may result, whereas if
it exceeds 50 g/L, the effect of enhancing the working
adhesion performance is low and conversely, the stability

25 in bath may decrease. The chemically converted layer
after the coating and drying preferably contain the
zirconium compound and/or titanium compound in an amount
of 0.01 to 99.9% by mass, more preferably 1 to 50% by
mass based on the solid content of the layer.

30 The amount of the water-soluble resin added is also
not particularly limited but the water-soluble resin is
preferably added to a concentration of 0.01 to 100 g/L in
the treating solution. If the concentration of the
water-soluble resin is less than 0.1 g/L, the effect of

35 enhancing the bending adhesion may be insufficient,
whereas if it exceeds 100 g/L, the effect of enhancing
the bending adhesion and deep-drawing property is
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acid, pyrophosphoric acid and ultraphosphoric acid) and
salts thereof. These compounds may be used individually
or in combination of two or more thereof. As for the
amount of the phosphate ions added to the chemical
conversion treating agent, a concentration of 0.01 to 100
g/L in the treating agent used in the present invention
is preferred. If the amount added is less than 0.01 g/L,
the effect of improving the corrosion resistance may be
insufficient, whereas if it exceeds 100 g/L, excessive
etching may proceed in the galvanized steel material to
cause reduction in the performance or the water-soluble
resin may be gelled and therefore, this is not preferred.
The chemically converted layer after the coating and
drying preferably contains the phosphoric acid compound
in an amount of 0.01 to 99.9% by mass, more preferably 1
to 40% by mass based on the solid content of the layer.
In the treating solution for use in the present
invention, other generally-known components may be
blended.
agent for improving the corrosion resistance, such as
phytic acid or a salt

For example, a generally-known rust-preventing

tannic acid or a salt thereof,
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resin, which are an organic material, undertakes
denaturation such as thermal decomposition and the
20 adhesive property or corrosion resistance decreases. The
baking temperature is more preferably from 70 to 160°C.
In the hot air drying, drying for 1 second to 5 minutes
at a peak metal temperature of 50°C or more is preferred,
because the production can be performed without
25 decreasing the production efficiency.
The coating method of the chemical conversion
treating solution is not particularly limited and a
generally-known coating method such as roll coating,
ringer roll coating, air spraying, airless spraying or
30 dipping may be employed. The chemical conversion
treating solution is preferably coated by a general
continuous coating line fully furnished with these
coating devices, called a coil coating line or a sheet
coating line, because the coating work can be performed
35 with good efficiency and mass production can be achieved.
The amount of the chemically converted layer
attached is preferably from 1 to 500 mg/m’ as the solid
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mass of an aluminum phosphate-base pigment per 100 parts
by mass of the resin solid content. If the amount of the
aluminum phosphate-base pigment added is less than 1 part
by mass, there is no effect on galling of the coating
layer by the mold at the press-forming and this is
improper. As the amount of the aluminum phosphate-base
pigment added is larger, the effect on galling of the
coating layer at the press-forming is advantageously
higher, however, if the amount added exceeds 140 parts by
mass, the workability as the precoated metal sheet
greatly deteriorates and this is improper.

Examples of the aluminum phosphate-base pigment
which can be used include generally-known pigments such
as aluminum dihydrogentripolyphosphate and aluminum
metaphosphate. Among these, aluminum
dihydrogentripolyphosphate is easily available and more
preferred. Examples of the aluminum |
dihydrogentripolyphosphate which can be used include
commercially available products such as "K-WHITE"
produced by Tayca Corpofation.

In the coating layer of the precoated metal sheet of
the present invention, a rust-preventive pigment capable

{OARRATS (Y2 ‘2?%*‘( &"10% & () - 0(

t" 109 & p L2 d0% & ()-0
A B39 004 & 8 oE



t"10% & ()-0( t"10% & ()-0( t"10% & ()-0( t"10% & ()-0(

t"10% & ()-0456789: ;t X<0% & ()-01( t"10% & ()-0( t"10% & ()-0(
t"10% & ()-0( t"10% & ()-0( t"10% & ()-0( t"10% & ()-0( t"10% & ()-O;
=@BCDEFgK/ 0% ( t"10% & () - 0( t"lO%‘&'()-0([5t"-10%‘&'()-0( t"10% & () - O
t"10% & ()-0( t"10% & ()-0( t"10% & ()-OFGH ORUZI L, 0% t"10% & () - 0(
t"10% & ()-0( t"10% & ()-0( t"10% & ()-0( t"10% & ()-0( t"10% & () - 0(
t"10% & () - 0Z efZldxe09ing 1D%WE (PR Vel &{jeqy 1s mogleygbly added

t"10% & ()-0( 4, " 1Q9 " 109 i 4 01
qP/ W i f ghl( ikt niwigf(o%"é’l %‘9 % ét%‘b‘%@ I Iﬁ“@ t@%g‘%/. ia pllogﬁéhl%% i ‘(’"; Qo%
t"10% & () -0( hecangey t(l')e Or(ortr'qsm,@& z(gs:ggtance is J.mproved. As

t"109% & () - Onmapa st c?&<0c%lé?4 x(& rd "é@t@xﬁe (;)lc_gh(eﬂt LS (He&ﬁme
t"lO@ﬁ&f%) O( t"10% & ()-0(_t"10% & ( t"10% & () -0( ,
t"109% & ¢) - Ot v%@zqqanlgm@mfﬁe%%@lﬁefb(bﬁz@%mg? YaRKaqeoMphE: R AR
t" igfﬁ g 8 OE HOwkOIE TS, (Dhd (tdtdD %W {ont® (of "8 R U £rirh oK plid ted9paiid ) - O(
t" 0 & 0 t"1096&f 0G t"10% 1"10% & O, t"10% )
71096 & ()- 0. RGO £ (RLGIE (TR DLt LIST 15 OB 07D
t"10% & ()-0( palit&%w masy qr ll)ﬁﬁﬁ'ger 0L0Q parnsky (Hasplwl) YheRrendn
MX0% 8 () QKA IRRE ). 00z 4“8 Lt Ynd OB e U b sboR € 0 - O
t"10% & é) O( t"10% 'ﬁgérg% t"10% & (%% Ot X<0f§; &‘%%)) 01( et" 10&1&' ()- 0
t"10% &L P) - 0( RhosPhaEghage tP'lJSD%TEP (And(rustmererentie tphgusns (3ddrd
t"10% & () - 0_ %R )rﬁﬂ)]-(()pat n(z-)ssp( *éﬁ'ﬁ@%icﬁhéﬁn&&st EVCLES ﬁﬁoxﬁﬂes
t"10% & ()-0( t"10% & % "100 &5(% OtX <0%W & ()-01( t" (%)% & ( %
t"109% & ()-0( dMAQoAF (GxaTRLS » 1% Sk%ﬁxl%@&oﬁ)ﬁf &1 RRuding gt (). o(
t" 182/0 & 8 8(_1&%&1{@& Qﬂe(t(eti' e (Jrditly VEek {grdied. 1096 & () - O(
t"10% & t"10%.& O( t"10% & 2<0% & () - t,.10% & (
t"10% & ()-0( t" 109% %‘1 ~REEMRA R ‘i% %’(ﬂg’?a%fﬁcg?‘?]'%ﬁ ‘ihﬁd%}“%‘%rjgo
t"10% &1%) - OlvﬂraQQr q:Fﬂ e inetdted (n)eﬂil]( SHelO0RE (Yhe) (PR & () - 0(
t"10% & ()-0( 4..109% )
£"10% & () -0t X ‘;07(}’8‘?%4 %‘th}l A)‘g&é‘t‘%‘) ¥ ’%@@%'fgto%mvenme
plgment Examples thereof include ) phosphorlc acid-
base rust-preventive pigments such as zinc phosphate and
iron phosphate, (2) molybdic acid-base rust-preventive
20 pigments such as calcium molybdate, aluminum molybdate
and barium molybdate, (3) vanadium-base rust-preventive
pigments such as vanadium oxide, (4) chromate-base rust-
preventive pigments such as strontium chromate, zinc
chromate, calcium chromate, potassium chromate and barium
25 chromate, and (5) fine particle silicas such as water-
dispersible silica, fumed silica and calcium ion-
exchanging silica. Among the silica-base pigments of
(5), calcium ion-exchanging silica is preferred, because
this silica is harmless in view of environment and has a
30 great rust-preventing effect and when this is added as
the rust-preventive pigment, a higher rust-preventing
effect is exerted. Examples of the calcium ion-
exchanging silica which can be used include "Shieldex"
produced by Grace. These rust-preventive pigments may be
35 added in combination of a plurality of species. However,
the chromate-base rust-preventive pigments of (4) have an
environmental problem and these are preferably not used.
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are advantageously improved. Examples of the coloring

pigment which can be used include generally-known
toloring pigments including inorganic pigments such as
20 titanium oxide (TiO0,), zinc oxide (Zn0), zirconium oxide
(2r0,), calcium carbonate (CaC0,), barium sulfate (BaSQ,),
alumina (Al,0;), kaolin clay, carbon black and iron oxide
(Fe,0,, Fe;0,), and organic pigments. A plurality of
these extender pigments and coloring pigments having
25 different effects are preferably used in combination,
because respective effects can be exerted. In the case
of adding the extender pigment and coloring pigment, the
amount added of all pigments as a total of aluminum
phosphate-base pigment, rust-preventive pigment, extender
30 pigment and coloring pigment is suitably 140 parts by
mass or less per 100 parts by mass of the resin solid
content in the coating material. 1If the amount added of
all pigments exceeds 140 parts by mass, this sometimes
incurs troubles and, for example, the workability at the
35 bending of the precocated metal sheet greatly
deteriorates.
In the precocated metal sheet of the present
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15 amount prescribed in the present invention based on the
resin solid content and coating, drying and curing the
coating material, whereby good production efficiency is
attained. The coating material may be used in any form
such as solvent-type coating material, agqueous coating
20 material, melting-type coating material, powder coating
material, electrodeposition coating material,
ultraviolet-curable coating material or electron beam-
curable coating material. The coating material can be
applied by a generally-known coating methoed, for example,
25 roll coating, curtain flow coating, roller curtain
coating, die coating, air spraying, airless spraying,
electrodeposition coating, powder coating, dipping, bar
coating or brush coating. The coating material is
preferably applied by a general continuous coating line
30 fully furnished with roll cocating, curtain flow coating
and roller curtain coating, called a coil-coating line or
sheet-coating line, because the coating work can be
performed with good efficiency and mass production can be
attained. The coating material can be dried and cured by
35 a generally-known dry curing method such as hot air oven,

direct fire-type oven, far infrared oven or induction
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layer thickness is less than 1 um, the design appearance

may not be imparted, whereas if it exceeds 50 um, the

coating unevenness or the like may be generated to impair

20 the appearance or deteriorate the workability of the
coating layer. The top coating material may be coated in
two or more'layers, if desired. The topcoat layer can be
formed by applying, drying, baking and thereby curing a
generally-known top coating material. Examples of the

25 generally-known top coating material include a polyester-
base top coating material, an epoxy-base top coating
material, a urethane-base top coating material, an acryl-
base top coating material and a melamine-base top coating
material. The top coating material may be used in any

30 form such as solvent-type coating material, aqueous
coating material, powder coating material,
electrodeposition coating material, ultraviolet-curable
coating material and electron beam-curable coating
material. The top coating material may contain a

35 generally-known coloring pigment or extender pigment such

as titanium oxide (Ti0,), zinc oxide (2Zn0), zirconium
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15 preferably coated by a general continuous coatlng llne
fully furnished with roll coating, curtain flow coating
and roller curtain coating, called a coil coating line or
a sheet coating line, because the coating work can be
performed with good efficiency and mass production can be

20 attained. The top coating material can be dried and
baked by a generally-known drying and baking method such
as hot air oven, direct fire-type oven, far infrared oven
or induction heating-type oven. When the top coating
material is an ultraviolet-curable coating material, a

25 generally-known ultraviolet irradiation device may be
used, and in the case of an electron beam-curable coating
material, a generally-known electron beam irradiation
device may be used.

The metal sheet for use in the precoated metal sheet

30 of the present invention is not particularly limited but
examples of the metal sheet which can be used include
generally-known metal sheets such as cold-rolled steel
sheet, hot-rolled steel sheet, stainless steel sheet and
aluminum sheet, and plated metal sheets obtained by

35 subjecting one surface or both surfaces of those metal
sheets to a hot-dip plating treatment such as hot-dip
galvanizing, hot-dip galvannealing, aluminum plating,
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in detail below.
1. Metal Sheet

The following metal blanks were used in experiments.

20 {a) Hot-Dip Galvanized Steel Sheet (GI)

Thickness of sheet: 0.6 mm, amount attached in terms
of zinc: 60 g/m® per one surface (both surfaces were
plated).

{(b) Electrogalvanized Steel Sheet (EG)

25 Thickness of sheet: 0.6 mm, amount attached in terms
of zinc: 20 g/m’ per one surface (both surfaces were
plated).

(¢) 55% Alloyed Aluminum Zinc Plated Steel Sheet (GL)

Thickness of sheet: 0.6 mm, amount attached in terms

30 of zine: 90 g/m® per one surface (both surfaces were
plated).

(d) Zn-11% Aluminum-3% Magnesium-0.2% Silicon Plated
Steel Sheet (SD)

Thickness of sheet: 0.6 mm, amount attached in terms

35 of zinc: 60 g/m* per one surface (both surfaces were
platedy).

(e) Cold-Rolled Steel Sheet (CR)
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t 109681g)_0( fn&ggﬁf%égf(ﬁtd., the zirconium compound was ammonium
zirconyl carbonate, and the aqgueous acrylic resin was

pelyacrylic acid.
(b} Chemical Conversion Treating Solution (B)

An aqueous solution containing 5 g/liter of a silane

20 coupling agent, 1.0 g/liter of a water-dispersible
silica, 0.5 g/liter (as titanium ions) of a titanium
compound and 25 g/liter of an aqueous acrylic resin was
prepared and used as the chemical conversion treating
solution. Here, the silane coupling agent used was y-

25 glycidoxypropyltrimethoxysilane, the water-dispersible
silica was "Snowtex-N" produced by Nissan Chemicals
Industries, Ltd., the titanium compound was titanium
hydrofluoride, and the aqueous acrylic resin was
polyacrylic acid.

30 {c) Chemical Conversion Treating Solution (C)

An aqueous solution containing 5 g/liter of a silane
coupling agent, 1.0 g/liter of a water-dispersible
silica, 0.5 g/liter (as zirconium ions) of a zirconium
compound, 25 g/liter of an aqueous acrylic resin and 0.5

35 g/liter of phosphoric acid was prepared and used as the
chemical conversion treating solution. BHere, the silane
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An aluminum phosphate-base pigment and if desired, a
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rust-preventive pigment were added to each of
commercially available polyester-base, urethane-base and
epoxy-base clear coating materials all completely free of
a pigment and stirred to prepare coating materials having
the composition shown in Table 1. The aluminum
phosphate-base pigment used was "K-Gl05" produced by
Tayca Corporation. The rust-preventive pigment used was
"NP-530" produced by Toho Ganryo as a zinc phosphate-base
rust-preventive pigment (shown as "2Zn phosphate" in Table
1), "Shieldex-C303" produced by Grace as a calcium ion-
exchanging silica (shown as "Ca-Si" in Table 1) or a
commercially available strontium chromate as a chromium-
base rust-preventive pigment (shown as "Sr-Cr" in Table
1). The amount added of each pigment is shown in Table
1. Additionally, if desired, an extender pigment was
used and the extender pigment used was "Aerosil 300"
produced by Nippon Aerosil as a commercially available
fine particle silica (shown as "silica" in Table 1) or a
titanium oxide "CR-95" produced by Ishihara Sangyoc Kaisha
Ltd. as a white pigment (shown as "titanium white" in
Table 1). The amount added of each pigment is shown in
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Treating Solution (A), (B), (C) or (D) was coated on both
surfaces of each metal sheet by a roll coater and dried
in a hot air drying furnace to obtain a chemically
converted layer. As for the amount of chemical
20 conversion treating solution attached, Chemical
Conversion Treating Solutions (A), (B) and (D) each was
coated such that the amount of the entire dry layer
attached became 25 mg/m?, Chemical Conversion Treating
Solution (C) was coated such that the amount attached
25 became 50 mg/m’ in terms of metal chromium, and Chemical
Conversion Treating Solution (D) was coated such that the
amount of the entire dry layer attached became 200 mg/m?.
In the specimen using Chemical Conversion Treating
Solution (E), the chemically converted layer was obtained
30 by dipping the degreased metal sheet in Chemical
Conversion Treating Solution (E) for 2 minutes and drying
it in a hot air drying furnace. Chemical Conversion
Treating Solution (E) was coated such that the amount of
zinc phosphate attached became 2 g/m*. The peak metal
35 temperature at the chemical conversion and drying was set
to 60°C.
Thereafter, a coating material containing an
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after drying and baking was sprayed with water and

thereby cooled. 1In this manner, precoated metal sheets

as the test material was obtained.
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residual state of the coating layer was observed with an
eye. In this test, the tape-peeling was performed twice.
The bending was performed by OT working in an atmosphere
of 20°C.

20 In the evaluation of coating layer cracking, the
coating layer completely free of cracks was rated ©@, the
coating layer having about 1 to 3 very small cracks was
rated (), the coating layer having very small cracks
throughout the surface was rated /\, and the coating

25 layer having large cracks clearly observable even with an
eye throughout the worked part was rated X.

In the evaluation of residual state of the coating
layer after tape-peeling, the coating layer not separated
at all and remaining on the steel sheet was rated ©, the

30 coating layer partially undergoing slight separation was
rated (), the coating layer partially undergoing serious
separation was rated /\, and the coating layer separated
almost throughout the bend-worked part was rated X.

Each precoated metal sheet after the OT working was

35 dipped in boiling water for 1 hour, then taken out and
left standing for 24 hours and thereafter, the worked
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t"10% & () - O(SteﬂY%n& 3qu the prec ated metal sheet prepared’was cut
into a specimen of 30 mm (width) x 300 mm (length). This
specimen was sandwiched by a flat metal mold and a metal
mold having provided thereon a bead having a radius R of
20 4 mm. At this time, the specimen was sandwiched such
that the bead of the metal mold was pressed against the
surface coated with a coating material containing an
aluminum phosphate-base pigment (surface for evaluation),
and a load of 1 ton was applied to press the bead part of
25 the metal mold to the surface for evaluation of the
precoated metal sheet. In this state, the precoated
metal sheet was drawn out at a rate of 200 mm/min and the
separated state of the coating layer on the surface for
evaluation of the precoated metal sheet rubbed by the
30 bead was observed with an eye and evaluated.

In the evaluation, the coating layer not separated
at all was rated ©@, the coating layer very partially
separated was rated (O, the coating layer separated in an
area ratio of about 20% or more based on the portion

35 rubbed by the bead was rated /A, and the coating layer

entirely separated was rated X.
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blank was an electrogalvanized steel sheet, and 360 hours
when the blank was a hot-dip galvanized steel sheet, a
55% alloyed aluminum zinc plated steel sheet or a Zn-11%
aluminum-3% magnesium-0.2% silicon plated steel sheet.
20 In the evaluation of coating layer at the cut part,
the sample having a maximum blister width of less than 1
mm at one side of the cutting was rated ©, the sample of
2 mm to less than 3 mm was rated (O, the sample of 3 mm
to less than 5 mm was rated /\, and the sample of 5 mm or
25 more was rated X.
In the evaluation of the cut end face part, the
sample having a blister width of less than 2 mm from the
end face was rated ©, the sample of 2 mm toc less than 3
mm was rated (O, the sample of 3 mm to less than 5 mm was
30 rated A\, and the sample of 5 mm or more was rated X.
The evaluation results are shown in detail below.
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(Comparative Example No. 24), the coating layer is
difficult to separate in the galling test of coating
layer by bead and this reveals that the precoated metal
sheets of the present invention are superior. 1In the
20 precoated metal sheets of the present invention, when the
chemically converted layer contains phosphate ions, the
corrosion resistance is enhanced (comparison between
Example No. 1 and Example No. 11 of the Invention) and it
is more preferred to contain phosphate ions. When a
25 rust-preventive pigment is added to the coating material
in addition to the aluminum phosphate-base pigment
(Example Nos. 9 to 16 of the Invention), the corrosion
resistance is improved as compared with those where a
rust-preventive pigment is not added (Example nos. 3 to 8
30 of the Invention), and therefore, it is preferred to
contain a rust-preventive pigment in addition to the
aluminum phosphate-base pigment. In particular, when the
rust-preventive pigment is a calcium ion-exchanging
silica (Example Nos. 1, 2, 9 to 15 and 17 to 22 of the
. 35 Invention), the corrosion resistance is more improved and
moreover, the corrosion resistance is egual to that
obtained when a conventional chromate-type chemical
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. The preccated metal sheet with excellent press-
formablllty as claimed in claim 1, wherein the aluminum
phosphate-base pigment contained in said layer is

20 aluminum dihydrogentripolyphosphate.

4, The precoated metal sheet with excellent press-
formability as claimed in claim 1 or 3, wherein said
layer contains a rust-preventive pigment in addition to
the aluminum phosphate-base pigment and the total content

25 of the aluminum phosphate-base pigment and the rust-
preventive pigment is 140 parts by mass or less per 100
parts by mass of the resin solid content.

5. The precoated metal sheet with excellent press-
formability as claimed in claim 4, wherein the rust-

30 preventive pigment contained in said layer is a calcium
ion-exchanging silica.

6. The precoated metal sheet with excellent press-
formability as claimed in any one of c¢laims 1 to 5,
wherein the metal sheet is a metal sheet having a plating

35 layer on one surface or both surfaces thereof.
7. A method for producing a precoated metal sheet

with excellent press-formability, comprising coating a
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