B 1 24 June 2006 DESCRI PTI ON 5 PRECOATED METAL SHEET W TH EXCELLENT PRESS-
FORMABI LI TY AND PRODUCTI ON METHOD THEREOF Techni cal Field of the Invention
The present invention relates to a surface-treated netal nmateri al
excellent in press-formability and corrosion resistance. 10 Background
Techni que In place of conventional post-cﬁaﬁe‘d products obt ayy@e2906
coating after working, which are used for hpne appliances, construction
material s, autonobiles and 15 the |ikepgacpipspajed netal applied with a
colored coating |layer is now being used. The precoated netal sheet is
obtai ned by applying a coating material on a netal sheet subjected to a

pretreatnent for netal SPRECOATRD MATALAEHERReWITE EROBIIZNITY PREESAN

press-forned after 20 thgowﬁr%lﬁg[ %ibhﬁwﬁ“#’ﬁ Q%‘I%DerrhﬁkE@f'd i's then
used. Therefore, the pr shee as problens I n € corrosion
resi stance &n the cut end face part, where the netal is not covered with
the coating | ayer but Té&h@mseﬂ,elandfi ghé hendeidiolg of f of the coating

ayer 25 during the phess,SOIJiig. HVRURT o hiese & bLeus can. b spl ved

by applying a chronate retreat nent or and formng a
coating | ayer coRe&Rhi ﬂgt%\rlﬁiemlléﬁﬂ chi opf s eg@abdd i tyr @%@nt i ve

pi gnment. Such mebakosheetSesirR adelng generally used at present. 30 '
However , :‘Aﬁ.?mthe st andpoi nt of the environnental problem of hexaval ent

chrom um ch probably dissolves out in the chromate treatnent or from
the coating material BagkgrowshiTechihgua hexaval ent chrom um base

rust-preventive pi gmegf,,dguaREs c@h@eh@f&@@f'ﬁlﬁsﬂc-?foa'%gﬂ ﬁ?o@@é@é’rﬁte
chemical conversion treatment and non- chro material | ayer

cont ai ni ng no heRBvalRe }%%rccﬂ‘?lt&r‘hg a5Eph N ’tFr?e’xé" lﬁg‘daﬁﬁt‘éﬁ? P i cati on
(Kokai) No. 2001hem@ apiiiahews,2@06st80681mn dicwimisds , aaneohehHles faord

pr ovi di ng 95preceﬁgeﬂlk@et@pr%%%%eaaeaéwl%‘;seﬂ deentysadhgsigrotay the wor ki ng

part and having h corrosiagn resistance by using a chem % caglnverm on
treat ment cont ai APREIRY stavgde IEoBpYi H@l%@é%ﬁ arndFoPTECAPET OISR
condensat e t her esfigetd mtwmldeﬂpbysamed |a:a:,oaa:ridgamatenm\1 wn conpound

and/or a {TLAN yecommaund upLacs of 4 NG SRRyt 820 B Qb [he

ot her hand, Japanése Xam ne at ent catlon No. 9-12931
di scl oses a techkhtiengigil ph@fitdifgyanerally cut and press-formed after
20 the covering with the coating material and is then used.

Therefore, the precoated metal sheet has problems in the
corrosion resistance on the cut end face part, where the
metal is not covered with the coating layer but is
exposed, and in the falling off of the coating layer

25 during the press forming. However, these problems can be
solved by applying a chromate treatment as a pretreatment
for metal and forming a coating layer containing a
hexavalent chromium-base rust-preventive pigment. Such
metal sheets are being generally used at present.

30 #  However, from the standpoint of the environmental
problem of hexavalent chromium which probably dissolves
out in the chromate treatment or from the coating
material layer containing a hexavalent chromium-base
rust-preventive pigment, demands are increasing for non-

35 chromate chemical conversion treatment and non-chromate
coating material layer containing no hexavalent chromium.
Japanese Unexamined Patent Publication (Kokai) No. 2001-



10 precoated steel sheet having excellent corrosion resistance in the cut
end face part by applying a polyester-base or epoxy-base coating materi al
where a phosphoric aci d-base rust-preventive pignment and an ion- exchange
silica-base rust-preventive pignment are used in 15 conbination in place of
t he hexaval ent chroni umbase rust-preventi%e pignent. The chaniwel2006

conversion techni que disclosed in Japanese Unexam ned Patent Publication

(Kokai) No. 2001- 4 s . art in
20 an Erichsen tgétéégg gls(la&%% % %8%{1%%? aﬁﬂe%r%[}lhgpé %\%% dowhen
press-form ng reﬁ?ééénﬁ}é‘%?tbilad’é@ﬁ Grass hept sadl't?érlpéir H‘ﬁdth?h‘é‘:”é"b’sﬁq R3Iltay er
is galled by theapaessviny mlg&ndo&eadnby seaiained 8y GOIPAr £ khdntilratthe

precoated netal sheet subject a.c te tr +Ot her
hand, the techni quev%ll SC ose&a%meﬁl% (é?lrégcr‘e r{% xam(?'thél Pa?u‘f%I %eﬁ%g}atl on
(Koka| ) No.59-129Bd/eses hyzir@d-Yﬁthpha@@lﬁ#e thereréni @avat®frver si on
treatment and hé§s§ef)§iﬂlee@lll&cbhahn&h§ @ﬂf&m@ﬂl ebmpeahdingnd aera in the

wor ki ng part is insufficient as conpa t he. 30 ecoat ed tal sheet
subj ected to a ch?B?fé:t‘B“ (GPBRCHB A lnaﬁ Ilﬁﬂ’e rP@E ng* F&H: g’rq:for F8d,
the coating | ayetheistheadiang, sépaaa&eei Phex and ngdl Pangnbmeblblqﬁtem nol d
An obj ect of. theﬁi@é]@éﬁ)"tmd n‘ée@tzbg'i‘ a§séPosSé¥ e R8RS qulr POE %dl@mg a

conventlonal t echni ques and provide a 35, precoated netal sheet not
cont ai ni ng %exav@?%ﬁﬁaﬁﬁﬂw§ﬁﬁﬁﬁlSgﬁﬁt ?@X&ﬂﬁiﬁﬁcéééenéxﬁ?5¥?$ﬂﬂlexcelIent
corrosion resistaatetand fur ther chavemnd) faoeelpaent bpr e;s]_slyuﬂg 24 June 2006

formbi |ty Theo Ol ERlenbabloo! a6 L Ieda0ng! RELUAES) RiAUATNG 3

production metho recoate eet osure of
| nvention The prekesih QWeﬁ?éiﬂsbﬁ%er%izn&recwe&ftlmeﬁl@“er&%e%ﬁdca?nl 3}°n-
converted | ayer ésciardedifiiom-Bakéenldtibresenttivenpiondat ey use)d dnsi | ane

coupling agent aée‘&(io*’na lolily%"é?(%&% SPARNSALE VLIBREOLn dé Lbase

water-dlsper5|bl a zirconium conpoun or a titanium
conpound as esseflstaPresepdAEAt B1GREPeont ai ning (d) a water-soluble resin
and further thereon, zaleceabmmgaiau@xﬁvemra;tnalt@bnglqaeaaummgacphmsphate base

BT e O Mo ORI SO LA 8 3EBE Pl PR e 2058 "
obt ai ned. The phthdienanshaes aexoal keht adhesionghp| tige bgpldﬂrm mtrrépd
during a preess-fa rﬂrrl%h'sén098§td§feed tHdRidg RBSROPRNhdd Al frobQamedn! ayer
on a pre-coated rggf%lw%en press-forming represented by deep drawing is
performed, the coating layer is galled by the press mold
and readily separated as compared with the precoated
metal sheet subjected to a chromate treatment. On the
25 other hand, the technique disclosed in Japanese
Unexamined Patent Publication (Kokai) No. 9-12931 uses
zinc phosphate for the chemical conversion treatment and
has a problem in that the adhesion of coating layer in
the working part is insufficient as compared with the
30 precoated metal sheet subjected to a chromate treatment
ana, when press-forming is performed, the coating layer
i; readily separated due to galling by the press mold.
An object of the present invention is to solve these
problems in conventional techniques and provide a
35 precoated metal sheet not containing hexavalent chromium
and, nevertheless, exhibiting excellent corrosion

resistance and further having excellent press-



20 is rubbed by a pressing nold under a high load so that the coated |ayer
is subjected to a shearing stress by which the coated |ayer is peeled from
the netal sheet or the coated layer itself results in cohesive failure, by
whi ch a defect is formed. when a coating material 25 containing an al um num
phosphat e- base pignment is coated on a steel -sheet havi ng t hey4eRine2006

chem cal conversion layer conprising (a), (b), (c) and (d) as nentioned

above, and is drlfggmagj(_jllctuyr.ed,r thc(ej cgg?oggnéthse %ﬁ-)eﬂse&@ invé&%-&pd (d) in the
chem cal conversion ?ayer and pﬁe 56 alum num phosphate 1 n He coat ed | ayer
on the chenical ipohydesirnPvddaniong Pagercticucmeihed Eathtlhe Herecnatere

i nterface therebgtvwgensgigd.ng the drying and curing step, by which the
adhesi on between the chem cal conversion |ayer and the coated | ayer
thereon significantly 35 increases; and, further, the nmechanical properties
i nherent toS5the al umPisnlssvgehatetpe olivkntgimanced shearing

stress-resistance of e £QaLed LA¥ERtoANhde fofind2éndeNgnePQ6 the
synergistic effect of the above si 8%“ cantly enﬂggces t he resi stance
agai nst press- f of AHF AN CRGVEF Lo nt2 Y- 1o dEBRef EPMshekte2 S present
i nvention has besslwcionplonthédihgsesa) on s ank sofiphdihggagdine agidorof t he

present Lnventi ofysesiviae chicbiealol Lowas. (b)) sAREEE0a SibimRbe sheet

w th excellent press- “for , nprising a metal sheet 'having on one
surface orlboth sikiekadd KED edf ZAT ePHRHE AGPOESHAYBRE AT 1D FRASYor med by
coating and dryi&gnpodnealsi Bgsent Udl ofommdndisnkng, contd BMivsg afd)sal i d
e o ™) b fslaciNB1 0k o 2: 31 AN MR BCPOBRT Wbt Ixfnabkti C
condensat e thereotf, (Ebc§ a water-dispersible silica, {c) at Jedast one of a
zi r coni um conpoufRR ARGt PRaAl W RFRINARPIRYE-PaFe aP 1T %RE fS SOFTBFe resin
as essential conpaiwicsitandohayhfigiafel ety bacetlehbedepromycdat ithg | ayer

o gment pel® 100 FEAD) FaSte B TR A d R r. LTINS By ecoat ed
met al sheet withcaxds lodteipedss- 20 formability as described in (1) above,
wherein the treatingheObUbhORehd EHed &Q‘Ha%ieaslﬁgéﬁpﬂﬁt®]im.by_( 3) The
bove.  aher ei n (S S NG PRBSpHEE DAcE g eh NS 1 fnhng
coating 25 | ayerpliencalenai hbat di hyehr sk itayviegolbpphospereteatqdmetizd gheebat ed
metal sheefy Wi t hi £xG@IeBNbyPE EsSesd QidTRI1d Liaas gdescgh brshd o thaer (3)
above, ‘wherein tJH% c%%%%h”9a§2 e{s(éﬂgfgé¥%datgu§té é§¥fﬂ5'§@%é¥sgg§”t In
which the coated layer is peeled from the metal sheet or
the coated layer itself results in cohesive failure, by
which a defect is formed. When a coating material
25 containing an aluminum phosphate-base pigment is coated
on a steel sheet having thereon a chemical conversion
layer comprising (a), (b), (c) and (d) as mentioned
above, and is dried and cured, the components (a), (b),
(c) and (d) in the chemical conversion layer and the
30 aluminum phosphate in the coated layer on the chemical
conversion coating layer react with each other at the
interface therebetween during the drying and curing step,
by‘khich the adhesion between the chemical conversion
layer and the coated layer thereon significantly
35 increases; and, further, the mechanical properties
inherent to the aluminum phosphate provide enhanced
shearing stress-resistance of the coated layer; and by



addition to the al um num phosphat e- base pignent and the 30 total content of
t he al um num phosphat e- base pignent and the rust-preventive pignent is 140
parts by nass or less per 100 parts by nass of the resin solid content.

(5) The precoated netal sheet with excellent press- formability as
described in (4) above, wherein the rust-=3% preventive pi gmaatjunerz0as ned
in the coating layer is a calciumion- exchanglng silica. (6) The precoated

net al sheet “‘tht%écg%§§9%b§£ﬁ§%ffe%t 24 #ﬁ }§$Q$ E%ég?ghgh£yﬁgfaﬁescrlbed

in any one of (1)t wherein heet
havi ng a pl ati ngenpajess ophorressiftrace afabdith RUATadesmiRgr 88t 1iny)ofa

nmet hod f or produ%h@gpgegﬁ@gggﬁeméﬁaat@hegbeet %5 with excellent
press-formability, copprising coating.a treati,ng salution.containin a) a
si l ane coupl i ng agent %Hﬁﬁ%é£%§ H?H?gfﬁ?Pch%%ﬁﬂgﬂgéFgoFﬁiﬁég?%a?%ﬁ?éy4%ater-
di spersi bl e5si | i this(Einding r cahieumpistnpbdubite grysenta invendhpunrepigssund

and (d) a water-3gl uhberd ERWL RS . 10 essential conponents on one surface or
both surfaces of a netal sheet e treatin solﬁgkon to forma

chemical ly converted fhyer® Os?ltﬁﬂ PI%E?EOW%?J‘CGH‘( ch BRF HTEHIT ai ni ng

from1l to 140 pafbsmblyilbss, afomprisdhgnanuengdhchEeat dalbdse pngomnt per 100

parts by mass of s&? bi%ﬁ%}&hs%' gagggtﬁ?ér d@f‘% @rh\éknﬂgaﬁﬂg E&W&@édcu” ng
f

t he coatln naterla $ uci ng precoated netal sheet
with excel ®nt pre¥st reptRast hn Foasineserd sy ing a(?feasb% SQHEE™ t he
treating sol uti oaoﬁuaiixhafg,caﬁi derhs 30 pbhuEphaingeness. (£9)aThbeamt koe f or

oo i bog T prec§§ oveE, I&#eregsqbﬁ %Qn 4ﬁﬁile% dBr?§?%§?%8E$adgéﬁé ne

descri bed in ria contains a
rust-preventive phRgFeef, aid) tahérafce@fadl%mﬁ leofSltlﬁéa25(%s%tp1r€é\ﬁécm°|nﬁe

pi gnent and al ungpugn zmez&ﬁﬁ@&rechﬂnsunal Qrmer& ﬂl&aMQmpabﬁ@o@IYd rmﬁ (@f) gess
hape

based per 0 parté b S, of the resin sal cont ent % i
article having tHhe %5&%Fﬁ§ﬁlaﬁgﬁ Bn2St HE éﬁ-&SBESPSHE%' %‘%alneggby
cutting and presfuBthdnrfivimmgd hbepeenoatezhtiivigallayhsecodbatpibedrion any one
of (1) to (6) absveso (gﬂa]r)tsAb?EFnEQg 58T aP DUAGInRE ﬁhsbﬁﬁgele%égecl e,
conpri sing cuttln and pres ormn the rec % d netal s g t %Frlbed
in any one of (15*9 %erttG)Pe§b§\98 RAY gS Ccdarifg®? chg Pﬁé
shaped article w thout2) r &imevpmgepated mﬁtal 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-




24 June 2006 Brief Description of Drawings Fig. 1 is a schematic sectional
view of a precoated netal sheet with excellent press-formability of the
present invention. In Fig. 1, 1is a nmetal sheet, 2 is a 5 chemcally
converted layer and 3 is a precoated coating Iayer Fig. 2 is a sectional
view of a press-forned article of the pr +coated metal sheet 2afJuneQ004.. 1 n
this Figure, the nunerical references are the sane as in Fig. 1. 10 Mde

for Carrying Qut={hg,d v ! a%ndzeerpﬁ@é% a'n@/v%ﬂbol')? hayetam(cbq %beaSl ve

i nvestigations on a non-chronate ‘Qr ecoat ed netal sheet avi n ?a ing
| ayer |ess gal | aBPFHRP d:h;?r gesafpfhest 5 at ﬁ‘@tﬁrle%e%rﬁwg p&a &858 t
it has been founbagdmton tdne phefiacenen hdidr euriffecesathegedyer is galled by

a press mid and sepaat adualnblies Bt ARG brecosrBi ahlal iBLeved by

a precoated netal sheet’ conprising avi ng on one surface or
bot h surfades 20&%%@@%%%%@&%%@%%% Fﬂg#@?l%ﬁ?%é‘d?wn@oatu ng

and drying a tre@ééi&rﬁ;ols@tmemoﬁoa@mﬁmg( a)a)ata keaste @ngpldfngaagehane
coupling agent an hydrol tic conde t ( _

wat er - di sper si bl%nds/%ﬁ &a, (% i 5%‘ | €48 esn%’ne of %gg;hoﬁgh% ggrtf'ﬁound and a
titani um 25 conpbigmersidledpiiioat efckd wireondynncempeuRdmiMor a

conponents, and Ehﬁé@ﬂ]ﬁlmf %ﬂigeuﬁaramr dhey %@e@ §6§ﬁb1@ rdsielascont ai ni ng

| umi h ht the coating, |
'S gal led By o BRAErt i GORRERERE o GRoAC ERBCR BReT U A g e cc Rt dor ol

to 30 occur due rted:ael sarhleattl,ngrjwm@etraa:turmgtt@ngt helebaen ngp Ifa)}-'ér a of the
precoated et al ﬂi&%ﬂﬁg caﬁeefeéalfgq,ézay%pt@mau@@&pe&y aad@,raesﬁgrml d
a erefor

under-a high |l o ds can’ be useg)for i mprooving this
phenonenon. One mﬁ@r&aﬂeFHBHabFl’éﬁlm r?gtPhé‘leH@EF?/ %t“f‘aéﬁgfjﬁ BBt ween a
35 coating | ayeraiaid namnphabphabte-laed egmeatapaet hotl mdrts éguoaesg ohe ‘

shearing f,Qrce agfd I}%SRB Eg&go&gl&%g a;g%goslg?? témﬁg‘é%f% euk@nihe

interface bet ween a coa bl ank,
which is the codtheng§orayes mé‘é‘fb’é%%]t-l on face. The reason why, when t he
precoated netal shegw)of Themptioseiod preducongi & preassxtfear medalt he

coat i ng layer is,lgse Geh) ed by e a8 BBkl 55001 AUdiBasly known,

however, it is presune thé coating 1ayer hesion I's
remar kabl y enharided aBpvemevheyeit gﬁfsﬁ itreatingt SPEILIeR P HeH FRAtains
conbi nati gp of @hoehaakealibysconverted |ayer having relatively high

(9) The method for producing a precoated metal
sheet with excellent press-formability as described in
(7) above, wherein the coating material further contains
a rust-preventive pigment and the total content of the

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

(10) A shaped article having the coating layer on
the outer appearance, obtained by cutting and press-

30 forming the precoated metal sheet described in any one of
(1) to {(6) above.

(11) A method for producing a shaped article,
comprising cutting and press-forming the precoated metal
sheet described in any one of (1) to (6) above and

35 holding the coating layer of the shaped article without

removing it.



adhesive property and a coating | ayer containing an 10 al um num

phosphat e- base pi gnent capabl e of exerting an effect on the adhesion and
at the same tine, the shearing force generated on the coating |ayer at the
press-formng is less transmtted to the interface between coating |ayer
and netal blank due to the mechanical propeérty 15 inherent iy fJn@ 2806M num
phosphat e- base pignent. The chemi cally converted | ayer of the precoated

netal sheet of the pr%sleég [Je@%%%%?g?iéfﬂ%m%ﬁy coating and drying a
g

treating solution contalning east ~ one “of a silane coupli ngC agent

and a hydrol ytic 20 chimlersdiseat Rehertiq peat inardr véies et s Mecadea, (c)

at | east one of el COHHAHTWGQRPENBE] BEllk GoriddsAFodbbeDIPP WK wid (d) a

wat er - sol ubl e resin_as essenti.al Cf}g‘p nent.s lThe hydr Iytsi c Gondengate of
“herei r a2

a silane coupli REEHFENIHEN T8 tFrearts fandSofi §9 0 §T'l &ne
coupl i ng agent, olemigeldbyronierhgdr biyes enddl paeri paeterted coatdwy

mat eri al silane gwj ng agent. The silane coupling agent which can be
used in the present invention is not aI;ti.cuI arlé Iimteigrj%ﬁbn%t pre%f.eﬁired
exanpl es thereof inclfude Vi iyl ﬁe?ﬁ%‘kﬁ/‘%‘%‘ Ne:eY 96 9i RYFiTT SKEITERE,

vi nyl et hoxysi | anef the mprdocaetorysal ssteget3-cdniFagpr dpy| In it@tisoBigiurane, 3-

gl yci doxypropy! t i dTet hexysish agee Bend®S NAG Wnax¥RREPYS t {4 r@tf1oxysi | ane, 3-
mer capt opr.opyl tri met hoxysilane, N (1,3 35
di met hyl bdt%1 i dene(-3- (tri et hoxysilyl)-1-propaneani ne,
N, N - bi s[ 3-(trinet hoxsid ¥oyprapyyims pdtered anvearidh (3 - 8 24 June 2006
am noet ') -y~ am noprgRy IBLaNL i JEl N33R palle ({tensive .
am noet hyl ) - y- am nopropyFtri met hoxysi Iane, y-- ant nopr op TER et hoxysi | ane,
y- ani nopr opyl t rirstdsedgsitione, oy & npnAdenascopyRePRERd Hintadi 1SARet y-
0151 G0 LPLSDY, LSkttt Koy b ib1ah ey o akane
ma'g hacr yl ggy%r )(;ptgﬂet ﬁryr?g)lsﬁ%&é”%hea,s f %Sﬁ&t hagﬁ??ﬁ(ykfﬁeonpyﬁoturnldettﬁ‘g%ysi | ane,
y- nercapt opr opyihte inheniomepon| erere tharmoggpngpl apst t ¥$ etdidegsibivase and
N-[2- (vinyl benzylad pe)at EMh]ség@ﬁa'{&pranxhter pretboxysidmnas Anong these
o1 hane Coupl) 10 SRS S LS RLELE e ohacue ! IYLIP IR ol ine
gl yci doxypr opyl tar imegiallosheet anayigs aretcigcsplcérgpropyhatl marifeegsi | ane, 3-
20 thereof a chemically converted layer formed by coating
and drying a treating solution containing (a) at least
oneé of a silane coupling agent and a hydrolytic
condensate thereof, (b) a water-dispersible silica, (c)
at least one of a zirconium compound and a titanium
25 compound and (d) a water-soluble resin as essential
components, and having formed further thereon a coating
layer containing an aluminum phosphate-base pigment. The
phenomenon where the coating layer is galled by a press
mold and separated at the press-forming is considered to
30 occur due to a shearing force acting on the coating layer
of the precoated metal sheet when the coating layer is
rubbed by a press mold under a high load. Therefore, two
methods can be used for improving this phenomenon. One
is a method of enhancing the adhesive strength between a
35 coating layer and a metal, and another is a method of
reducing the shearing force acting on the coating layer

less transmissible to the interface between a coating
5



mer capt opr opyl tri met hoxysilane, N (1,3 20

di met hyl butyl i dene)-3-(triethoxysilyl)-I-propaneam ne and

N, N - bi s[ 3-(trinmethoxysilyl)propyl]ethyl enedi anmi ne. One of these silane
coupling agents and hydrolytic condensates thereof nay be used al one or
two or nore thereof may be used in conbimndti-on. The sil ane QqUIRINENV0&5
agent or a hydrolytic condensate thereof has an activity of enhancing the

corrosion re5|stfgce OfcﬁEhﬁkt§Eegi%§deﬂﬁﬂ% %thﬁéogoaJ

wat er - di spersi ble silica ch Can be use resen |n\¥ent|on i s not
particul arly |inf¢rarafgon §acgp pree efeasqn @ﬁbﬁerWBéP &he RELCAH&Cned silica
or dal um num EDd:rﬁké1Tle %He&affweh@hpt@séraﬂu@]a@nltmonnf)@rpﬁemmi@dalsrhsgd: um
and is a weak al kal.i es o erical, silica e oi da
silica such as " %% i%‘?\bﬂ%& by %h‘tahpj'“?%solur}(l:{;ejld4 i %gsan
chenicals %4 Jun@am@whaﬁdnrsimpws, mqvepwer:ana P—anﬁﬁe%liim‘?%élcsﬁ@hb%ause
"AERCSIL"  (pr Od&&c@d:&»tll}{lgp@a?eﬁeé&%éa)on E&aﬁehsﬁk%lﬂi l’@atﬁiﬁe@e@y Ehél ca
fer

i nclude silica geI such as "g r%féﬁ%&f %ﬁ?ﬂngP? %ﬂﬁé n Che d S
[ | Ude

I ndustries, Ltd.J¥ Sehvese
commerci al | y ava;rhmtblc@llm kpowegetd siayeradiavAdel rebawirvezmhl(gﬂw oduced by

Asahi  Denka KoQyfhdike) proBerv@t £5a H ReRghb! @a?éi'&?n{!ﬁ%ﬁ@ aactivity of
enhanci ng the corrosion resistance of netal “sheet 0 As for ,the zirconium

conpound add/ or Q¥%@%%UHnPh88HBGE%tP%ﬁﬁ(H+9@§th€aB§E%P|9FtQﬁ?rﬁﬂégeﬁP
invention, exargifestobnt bRezadbesistmarenpauntei saheldeingihieushear tony|

carbonate, zirc IQ%QBQB|HQEE ODZ%Eggghgqggnhgg% féPQﬁkggéeé'r%Blen

pOt aSSI um fl uori zi'rcon sodi um rconi um | acet onat e,
zi r coni um but ox|che-lefsbﬁﬂfaﬁﬁqﬂlé%?%tﬂ%ﬁ:h&nd“EPFE@Fﬁ? Li?ﬁ'qfweg?ﬁbﬁé’ﬁ?:dég and

exanpl es of the ﬁayteanlaum ﬁ@a@pumlanmcduédeot thanmedhalyehlofdroperde, titani um
annnnlunlfluorlq%hep %ssbug%e aquH{o %%? gteté;%?lﬁﬂ%ﬂ %ﬁprOpOXIde

i sopropyl EO titanate, ani um et noxi d ani um hexanol at e,
tetrai sopropyl titanghe, chem¢%@¥#Xnﬂqﬂver¢ﬁﬂahar%r of ttdif WFesera8di um

fluoride and ti tr@‘t'allmsﬁeétuaf Elkélcrrﬂél%ntmﬁeen@wfpweks;ﬁwa b¢ useding

di dual | i i d
have. 26 an het Aty EPIRa st PRt ine Rtk bR fo b ear Ele (2o RT TRBR theey

and at the sanednenef enbahanageayrd imgr kigagt anhesihydrodytike wat er - sol ubl e

resin whigh Ca”c%%d@ﬁ@Qté”tﬁé%%oﬂ”’ /NG WAVERLE efgﬂym@egahh&akn@&m
wat er-sol uble resin 30 be use suych as ac eS|n urethane resin,

epoxy resin, Pﬁyﬂ@ﬁﬁtaﬁ? 19% 2 RIFOPREED ﬁﬂ%ﬂ@f antlt

compound and (d) a water-soluble resin as essential
components. The hydrolytic condensate of a silane
coupling agent as used herein means an oligomer of a

25 silane coupling agent, obtained by the hydrolytic
polymerization of a raw material silane coupling agent.

The silane coupling agent which can be used in the

present invention is not particularly limited but
preferred examples thereof include vinylmethoxysilane,

30 vinyltrimethoxysilane, vinylethoxysilane,
vinyltriethoxysilane, 3-aminopropyltriethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-
methacryloxypropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, N-(1,3-

35 dimethylbutylidene(-3~(triethoxysilyl)-l-propaneamine,
N,N'-bis[3-(trimethoxysilyl)propyl}ethylenediamine, N-(f-



pol yester resin, polyolefin resin, alkyd resin and polycarbonate resin.
Anong these, acrylic resin is preferred because the coating layer is |less
galled by the 35 press nold at the press-form ng. The water-sol ubl e

acrylic resin is a copolyner mainly conprising an acrylic acid and/or a
met hacrylic acid and exanpl es thereof - X8 24 June 2006 i nclygrineenby!
acrylate, ethyl acrylate, nethyl nethacrylate, ethyl nethacrylate,
derivatives thereof and _copolypers w th ot her acrylic nononer. Ln
particul ar, the®BHISATRY Qe o BHRRRICHEMRLEY YR Ty rNB(%Teferably
occupi es 70% or ' e.c ikght of the acrylic
resinis, in ter%@lfﬁé%h%£} %a§§92§g$§331%§P3g8+§f§§§%ﬁﬁf7 preferably 10, 000
or nore, nore piefmsmphipylittrame3foxPO4re,2y000, 000. If the nol ecul ar

wei ght exceeds 2, 000, 000, the viscosity becones 10 high and the handling
and worki ng ef f i ¥nEIRBraRNLtrdethensellafnfe Water-sol ubl e resin has an

activity of. inp i LE J 5 pafticularly, enhancing the
bendi ng adﬁ%siongg%%&gﬁé%§ﬁ¥§&%%gg%€%p r%%?gnfﬁe&chenically converted | ayer
of the present gi&dﬂusyyﬁﬁa?ynﬁrié@ﬁ@ﬁbéﬂﬂa@@atyng and drying a treating
solution containing (a) at [east one of a silane coupling agent and a
hydrol ytic condefhe&tidayaresy Imebhy idipgtdoxvdi-dpResi o€ d1ica, (c) at

| east one of a Zig&SGRiWToheRPPPUSEhPN iddthbapkymgepaund and (d) a

wat er -sol ubl e 20 resin as essential conponents, therefore, good
workability is aeatdiaved liomyphepybrniedtdhwxykilhae, chemically converted | ayer
and the layer is e contro]l. Th annugt added of the silane coupling

sy t
agent . and/’or 28"t dergPﬁ’PEOB% et YehePBEr Y the treating sol ution

i s not partiCLneﬁgﬁegatg%gggypyfiﬁé@ag%ﬂgyygnggupling agent and/or a
hydrol yti c condensaté theredof 1s preferably contained to a concentration

of 0.01 to 100 gvdrdaptepgopyieni¢thprysiideingnaniflth& content of the silane

coupling 30 agentyiaRdienz§1AMene) ¥inel condanaspeop et eiie i dyessahban 0. 01
g/L, the corrosion r S|stange and. 1 he adheﬁLon to the coatin f£?¥gé may be
i nsufficient, wheread™PPd| FREEK B GOVEF LRIt RECHM (16T SFFPEETTTE

sat ur at ed 1&nd tdves viigydnpthbéxyablane | tvinylpthbrysebhnehat3-after the 35

chem cal ly conv%ﬁﬁggpkg¥9&tg§egﬁg%?ggﬂghegogLing and drying the treatnent
solution, the cheniqall¥Econverte I r._conprises a siloxane coupling

aye
formed by react % CdACX §°P%htﬁiﬁﬁ§QH%&§lﬁﬁBesi?éne coupl i ng agent and/or a
hydrol yti ¢ condersaberyloxypropyltrimethoxysilane, 3-

mercaptopropyltrimethoxysilane, N-(1,3-

20 dimethylbutylidene)-3-(triethoxysilyl)-l-propaneamine and
N,N'-bis[3-(trimethoxysilyl)propyl]ethylenediamine. One
of these silane coupling agents and hydrolytic
condensates thereof may be used alone or two or more
thereof may be used in combination. The silane coupling

25 agent or a hydrolytic condensate thereof has an activity
of enhancing the corrosion resistance of metal sheet and
the adhesion.

The water-dispersible silica which can be used in
the present invention is not particularly limited but is

30 preferably spherical silica, chained silica or aluminum-
modified silica, which is reduced in impurities such as
sodium and is a weak alkali. Examples of the spherical
silica include colloidal silica such as "SNOWTEX N" and
"SNOWTEX UP" (both produced by Nissan Chemicals



t hereof. The water-dispersible silicais not particularly Ilimted in the
content but is preferably contained to a 5 concentration of 0.05 to 100
g/L as the solid content in the treating solution. If the water-dispersible
silica content is less than 0.05 g/L, the effect of enhancing the
corrosion resistance may be insufficient,~vhereas if it exceddmnt006/ L,
the effect of enhancing the corrosion 10 resistance is not obtained but

conversely, the bilit f ;the peta f -tr i ng. a i-h.a bath
may decrease. Tﬁ}ég% %frﬁ‘%sdl ?‘?éé&ﬁvgﬁe%mfeawﬂ/esﬁﬁgfl%ersg{:#ﬂegs c%giﬁoné&aand drying
preferably cont ai prediecesd [Hyc ¥iproanAerdidnt: oExeMpies oD WP1REYs, nore
pr eferably 1 ]Eo §9%do ibwlrm&ssmwgd@éu Eﬁmhscab! dsgontentpof (tphe:_daﬁafii ng.

e content of the zirconi um conpound, and/.or i t.ani um, conpo | so not
particularly Ii ¥e‘§l‘°bstﬁn 5‘%8%8 %‘th%srlaersé éggh?br g%}éarm ey%ngjgnt%g?ned to
a concent rat i onabimit-nogdifded/ £1ihsca himcdmggntonhe 20l &l ¥yt avaimable
titaniumin the gregatd ngisQluhi 98. "Adeih& 260NLRRAL (PEoSBEY GYMRURE iS | ess
than 0.01 g/L, insufficient corrosion resistance rm% resul t \égereas if
it exceeds 50 g/Penkh&amCekr Kot - enfBhdIFE T SREFRINGS %’,ahtféiﬁ s ai
performance i s |awtindy afvenbehying hehestealrirbistipn28es bs tatde ey ngdetease.
The chemcally converted layer after the coating and drying preferably
contain the zirconium conpound and/or titanium cor’rg und jn an amount of
0.01 to 99.%99% by nas$s Fore tBReFEFEA M GOFPEHIHS LY s ™n the solid
content of the |@ymoundl0whibr aanusd wied Ha wateprsoémublivesdiimnadded is

also not parti Cén%grq{gl)ésl I Eﬁgogfﬁ%é%qﬁ%%ﬁi’ﬁ’ﬁ%fﬁ‘l‘&“éiéﬂ‘“‘i‘ﬁ‘i“ referably

added.to a concen; ion of _ e treating solution. I|f
t he concentr ati ohifonyHe CafhpBatSol #HIPTY S¥AFCL dupeide ¢ (AT IPTL aFFLRLYRe

ef fect of 35 enhgngimgiet,heibesdi perashies gnrusrydbe hsed: istiddnim,  wher eas
if it exceeds 100 g/L,. the.effect of enhancin he | 5 .Qp_and
deep- dr avmﬁ?fg pr o%e‘g}r)} diesi s Ve ﬁjcnegty%ﬁ 5 1?‘33 g?ﬁ% at ze%eé;?n d Q?% ;%ngISEELSQ
unprofitabl e. The-lstemodakbjuttomvand ad ricapénmantpropdiidepatingly and dryi ng

preferably contaidip il okesha kA AeRboRhd0iMd1dde 49.19%ikw mss, nore

preferably 1 to 80% mass based on the solid content of the |ayer. Wen
the treating soln}fqrﬁ{PB’Fla?e Fht 3 h AEEERE ™ g%‘é?ﬁ’r%ﬁ FontaiAs "phosphat e

i ons, the corrodiidmningspstbate, clitdrd wroisopnbppckde anidayiopyils nore
preferredyoThe phqsphake LoPsnfdn dadded bytafdhh® -AtHyicqupound capabl e
of form ng phosqggg%o&ggg tEEfEéiﬁﬂBéﬁﬁyl titanate, tetra-n-butyl
’
titanate, titanium potassium fluoride and titanium sodium
fluoride. These compounds may be used individually or in
combination of two or more thereof. These compounds have
25 an activity of improving the corrosion resistance of
metal sheet and at the same time, enhancing the working
adhesion.
‘ As the water-soluble resin which can be used in the
present invention, a generally-known water-soluble resin
30 may be used, such as acrylic resin, urethane resin, epoxy
resin, ethylene-~acrylic copolymer, phenolic resin,
polyester resin, polyolefin resin, alkyd resin and
polycarbonate resin. Among these, acrylic resin is
preferred because the coating layer is less galled by the
35 press mold at the press-forming. The water-soluble
acrylic resin is a copolymer mainly comprising an acrylic
acid and/or a methacrylic acid and examples thereof



conversion treating solution for formng the chemcally converted |ayer of
the present invention. Exanples of this conpound include generally-known
conpounds such as " phosphoric acid, phosphates represented by Na3PM,
Na2HPO4 15 and NaH2PO41 condensed phosphogpc_acid (e.g., condensed
phosphoric acid, polyphosphoric acid, netaphosphoric acid, paRipHke@BPHOricC
acid and ul traphosphoric acid) and salts thereof. These conpounds nay be
used individualhxclﬁaeiﬁbfgyﬂﬂdyﬂyleﬁeofethyi(ﬁcrwdﬁéebh@?56¥? As for the 20
amount of the phosg ate_1ons acltdgld tghggﬁfgggnl' calriveenves stisergafe@nidng
agent, a concenfeafpeRYbRtey AYo F607 g/ 7 n the treg%ingr@¥@g§aﬁped in
the present inverloOpmets wief erated. arryiHe BORIA" -addéd®I's Tess than 0.01
g/L, the effect,of iQgiggiggh&fy%dy@&rgg{@@cfg&ﬂcnamﬂdemnaymﬁé 25

i nsufficient, widPeds it exceeds %00 g/%ree- a8 W poll/mBing TRy proceed
in the gal Bani zeteseseblimeerRies d0°c8hsE Feductjon in t e .DgL T 9f nance or
the wat er - sol ublyg,1cashp wayghe aeldhed agrlinefeddt &5t /% T5 not
preferred. The chenicalIﬁe08ﬁygg&fg§Iwgﬁaﬁtaf@fﬁféﬁﬁbxxxﬂﬂ,ﬁgoaﬁa K SHr yi ng
preferably cont a7 taﬂsrﬁ osphoric acid S rTBoung, 4 hAn amgurheof 0.01 to
99. 9% by nmss, nmen® pwsferabfy ﬁFOW(fqﬁo&)gy fass based on th% sgLigd.sont ent
ofhthe Iayerill dheiheatbnght obxideals ﬁoﬁogiéognﬁﬁhﬂaﬁﬁﬁﬁﬂﬁh:r nventi on,
ot her general |l y-known conponent ; gpdedtfidisnexaepl e, a

gener al | y-4énown st -aﬁpengﬁt ﬁﬁﬁglg%%nét}ﬁf %rérita ?ov' ng %@%Ccﬂrvrig i gB
resistance, suchiexedsanni Chacvater- PRI FEEF%O#, phytic acid or_a salt -
13 24 J:Jlne iooai,& Ay tﬁ@dwbbkm@rabi}msli_olgpopprtbﬁlﬂhillfﬁifvg %’&ﬁﬁSbﬂg, and
a general ly-known Tevel I’Tng agent, a t _ RRapebpgrtvgent and a

def oani ng agent ?ﬁﬁ/qﬁ?Qiﬁéd?ggF?ﬁ?% %ﬁ% rgnﬁgxg? ?a? i%ﬁr'ég t he
performance, an aci d,rian chealikally ororvRr igd & 3¥RY Bg FiF t¥ier Added so as to
adjust the pH The cheniqal ey, -8 VEY t @shd idyelanids dpy ehgrabtiedtdrifed on the
metal sheet? by cHAl T ng the abqve-desc ibgcieacsr%e%gabfcgnygx&ﬂ@mdmpéanbng
agent on a netalS@lﬁ%ﬂoqﬂﬂyﬂﬂﬁlBéRPng?&r?lng it becausg tP$ PI Qgliiciion
efficiency is highat Thei bakiyagolgtpereerdrsaseptbrEPRbY v Pom%‘g fo 250C.
| f the baking tenperature 1Sl t hap 50Qeddie onwabér acah¥ept'evapor at es
at alowrate angPsolpe%Eéth?lself %cltlg%iél'}/l(.h?]gh + g TQlamQg Br eResiysalanmiet be
15 obtai ned, as acorpewtd aRheé e bP@v%%lg%ec¥orce becomes . insuf ficient,
whereas if,jt expggds 250 ssdrdadl kypmponeitd y WETHETE| dR8 coupl i ng agent
or the water-soluble sin,igmgeygiﬁgg PR Oi&afvmatdsr o&l théndert akes

:
h 1] ;
denat urati on sucK &§*Rhetal*écomosition_a . o

chemically convertg% layer aném¥ﬁé“aayer is easy

control. _
The amount added of the silane coupling agent ané/or
25 a hydrolytic condensate thereof in +he treating solution

is not particularly limited but the silane coupling agent

olytic condensate thereof is preferably

hydr
T inad ¢ 100 g/L in the

contained to a concentration of 0.01 to '
1f the content of the silane coupling

i solution.
N - less than

t and/or a hydrolytic condensate thereof is

gen .
» o ce and the adhesion to

0.01 g/L, the corrosion resistan sior
er may be ingufficient, whereas if it

addition effect 1is saturated and

It is preferred that after the
layer is formed by coating and
solution, the chemically converted
formed by reaction of

the coating lay
exceeds 100 g/L, the
this is unprofitable.
35 chemically converted

drying the treatment
layer comprises a siloxane coupling



20 adhesive property or corrosion resistance decreases. The baking
tenperature is nore preferably from70 to 160C. In the hot air drying,
drying for 1 second to 5 mnutes at a peak netal tenperature of 50C or
nore is preferred, because the production can be performed w thout 25
decrea5|ng t he productlon eff|C|ency The q&aglng nmet hod of tlgg@hegpeal
conversion treating solution is not particularly limted and a
general | y-known coating nmethod such as roll coating, ringer roll coating,

air spraying, ai ﬁ:_h@sﬁi§@ﬁ@yddlﬂa_qung39?6h’@pézﬁ@/ﬁﬁ)é bg denleyedcodden ehagri cal
conver si on trea% n? sglutlon is preferably coated by a general continuous
coating line fullb Pht shed with these coating devices, called a coi
coating line or a sheBhe watatr-ugspeneibbecaikica e oot pagtiwnlaxlan be

performed 35 wtmlg%@deﬁ 'aiee%mtaﬂé g@ésl@rﬁ%ﬂaga caBpbgipediyed.  The
armount of the chem cal convert

| aye ced ferably fram1l to
500 M/ 2 oot hocGBFeRtEatipn S SaRs B0k Ecieds. the PRE-GrEHELH tdbhed
is less than 1 ngheRtreatisu fsioduendhy hIgrtWENWGumy—ddhpersnbhguﬂuﬁLCBe

ensured, whereagohfenhd J?Q(Cl(‘e%@l,stﬁQQ 06 8 /18 h%‘éo %Eegtagbe&t%hdlngr at her
decreases. 5 The resin for formng a coati n yer an ‘HP m cal’l By

converted | ayer FRetFRFIRECFarEdL ?%?e§ﬁﬁét &PSPﬁélﬁi%EEnt HhAAT itdn nay
be in any form sﬂtfe:&saeeﬂxqﬂ@ﬂuq/systhameﬂmqkemﬁ enhhening poewderr rsdioam

for the Kd of rienltunds GSNGER! LYEKIMD RS R3USHoR, LEhod aaﬂm‘tg;ase

resin, polyolefin-base resin, uret han ase resin, epoxy- ase r
pol yest er - base @&sthe wa;lbgpyf:acebﬁ%%améy RIGRtNERaAi PREHARAY resin may

be usedhas ltfl i%@fréaﬂséionﬁ'h@abh@xﬂlcgﬂﬁy Rivertedayayeof at i rm%zgat ed o
met sheet o t invent i st contain froml to parts by
mass=of an al unif ?ﬁﬁﬂ%ﬁ?ﬁﬁapﬁyﬂiﬁgeprb‘?‘g‘?fr\ea:ﬁiypé:ronfﬁénpﬁf’?551 Gretss %0 the
resin solid contawuny foft Ife 0dnmban®? of% thie maglsunimpuen photerahle Hade HO§ment

added is liess tf@gnﬂas%aﬁaseEyOHH\@l%e ddere do‘ht@ﬂt%%e‘éﬁe Q«Ebag?ldd ng of the
coating 20 |ayer the nold at the press-formn i nproper. As

the anount of the aI dhien GRPERBE phht %a?s‘érc%ldﬁegi’mﬁ‘a‘d‘é ‘i"’é‘l/soé'rger, t he
ef fect on gal |l i ngitanitdve compatndgid aleyo atott parpiesdarfby niimitesl but

advant ageous! Y dHdiheconBBURYE" axd feddie AERLLEQdEgh EXGRRAS G140 parts by

25 mass, the workability as t gr coat Sheet greatly deteriorates
and this is |rrp|"iﬂ5’é’rentl*:’ﬁ§ﬁﬁ¥‘e%fo Q%é‘%lst?mgrfﬂ'nﬁﬁhﬁgfyhaa‘?@‘b% pi gnent

20 zirconium or titanium in the treating solution. TIf 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



whi ch can be used include generally-known pignments such as al um num

di hydrogentri pol yphosphate and al um num 30 net aphosphate. Anong t hese,

al um num di hydrogentri pol yphosphate is easily avail able and nore
preferred. Exanples of the alum num dihydrogentri pol yphosphate whi ch can
be used include comercially available Pro 2ucts such as " K- ¥4l5iiEe 2606
produced by Tayca Cbrporatlon In the coati*fig”| ayer of the precoated netal
sheet of the present invention, a rust-preventive pignent capable - 15 24

June 2006 of exeghtdfaded Lh%{a H!rﬁ\ée'i‘é.'ﬂg £64 BCdples Prkerabhycadded in
addition to the alum nu at e- base pi because the corraqsion
resi stance is |nﬁ?BW%{Féa¥9ﬁﬂé% 8GN ED %fcéaﬁ%QQh§P pPéVéﬂ?lQﬁ?{% t added

becone 5 | arger, coheadd edte exarinednbac omesurad\efntoageots| §9 hd gHer mass,
however, the ot by &ON &A1yt f1e.c8! HBA Ny RIS BRALA BASEne PAGIENT and the

rust - preventlveg gnent 1s surtably 140 “parts by mass or | ess per 100
parts by mass of CPReHesth thsolld®Eontent. If the total amount of the
al um num 10 phosphat estease:hai gﬂ‘eatla@dsdslmtimpf gventuiseeipi ghne rjresciohed

exceeds 140 part ,gé/rr{ﬁ?cﬁﬁco%@aingo &?a%fe“%‘b%%s tth%“@b?fosr?é}ﬂ for

exanpl e, the wor Ity at pr ecoat eet greatly
deteriorates. Thee$imkanseeramt P@emﬁF%nﬂﬁaWe&n@otPhﬁ O] 15 | ayer of

the precoated nepvdfehreal. ofrhtehghaspm idrdveahni pe aa&edveo;a addlng a
O Ay JUONT EHRSRIEYIRELNE oP! BNERNLg THAIBhER.! 0GR %o £ i chd)

phosphorlc aci d Y st ev a3%%% ne? osp ateand
i ron phosphat e, qqnvanﬂyWMdmcea@nUgb@@kutuﬂn-fpmeﬁenmnve th® qliepreatidyYsuch as

cal ci um nol ybdat@on@ﬂa@dnqqyagl &bd@ﬁ@ gm.@,eb@r 'J.H%théfﬁ’dat@cangﬁ)es of
vanﬁum base ru%_\ss}l J)reventlve # &gﬁ gvanadl um 'b‘Jr‘?r %14)as

chr &rfat e- base ru WW@HPFIV«%“E rﬁe§’e§ YZENOVR oRPTRATIR SN zi nc
chromat e, cal ci whasphonate pcpdt agbesphattesonapeeaadtedrbumiRBochMes@k@, and
(5) fine parti ClaqmswaﬂHC@@ S%Bd@ﬁses\@ A&sosﬁio%a%r %b%e(%'&' Coorddieasi i ca

and cal ciumion- exchafhgin I ca, sili ca-base pignents of (5),
cal ci um i on- excho{hﬁﬁPﬁlgréﬂ PEéd sp‘blriﬁ?t@rﬁpg‘ﬂ’rlﬁeéﬁﬁge metFRNAFANCLAS s
harnm ess in vi ewcdfd,epyrophoephopitd dwasl andOugteaphosisionie\serid)ngneéf f ect

and when this 'Ssaaﬂ&%e 8eokhe f’ﬁ%& %(o%}é%ﬂhﬁ\ée?girgggrﬁ e iHARGbuall

rust-preventing IS exe C|un1|on- excxanging
silica which cat?rbénu§éﬁbiﬁé1ia@l'é ofsHiwg @&xmorpr beEeef by A& £6€. thRese

rust-preveotive spic@fiRNtS §RY PRoSShaddadnsnag088i vatt1on dferdcaliural ity of
Zﬁec' es. However, . L0g;GR" OMBL 105K St aPLEYEDRL VS RLOTHS o8 b4 ofave
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
25 insufficient, whereas if it exceeds 100 g/L, excessive
‘ﬂ’ 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
30 drying preferably contains the phosphoric acid compound
in an amount of 0.01 to 39.9% 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
35 blended. For example, a generally-known rust-preventing
agent for improving the corrosion resistance, such as
tannic acid or a salt thereof, phytic acid or a salt



envi ronment al problem and these are preferably not used. - 16 - 24 June
%006 In the coating | ayer of the precoated netal sheet of the present

nvention, a known pignment generally called an extender pignment or a
colorlng pi gnent for the purpose of coloration may be used and added in
conbination with 5 those alunlnun1phosphatq base pigment and 24 June 2006
rust-preventive pigment. The extender plgnent is a generic term of

pi gnents added so as to inprove various performances which the coating
| ayEr is requir Edhb@ebﬁy&anc’b‘bﬁﬂloa:&rbbhyltbﬁ@ﬁ&&&ﬁ:aﬁh&nqoa@h@%mcﬂ,y&md)r
masking property I atin appl es ther

ea rO{]é‘} r]?%of%?ﬂ tLl_qevglJ. g?% n’ at% ['f%}u nl]iaarlcclng

capabl e of playln I'ng or 9 e “coa
titani um white (BFEARI ¥pd oxidkoamdndy| APLBY | MY tthie usgaski Hgtlpﬁlbp'@hﬁ y of the

CO?_tI ng I?yer aBQn§é|bﬁancf19r1m;ﬁ&§:§.{1 gtﬁ@ep@m;tﬁmcleta%aﬁ @é%amfrow ng thet
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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



Rm the corrosion resistance decreases in sone cases, whereas if it
exceeds 50 jxm the workability of the 10 coating |ayer nay deteriorate. In
the precoated netal sheet of the present invention, the coating |ayer
contai ning the alum num phosphate-base pignent is preferably forned by
previously preparing a coating material qbtalnlng the pi gmematyune 2006 15
anount prescribed in the present invention based on the resin solid
content and coating, drying and curing the coating material, whereby good
production efficicemeynts =f tieneshouTheacoathed mtlesisakhanylbegigedai n any
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air oven, direcPk® }Y'%éeéﬁ@ g@éﬁ resing n‘?ﬁ‘%ﬁ%ﬁ’%@eﬁ%?‘“f MRRAN G L Epge 24
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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

25 mass, the workability as the precocated metal sheet
o 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

30 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"

35 produced by Tayca Corporation.

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



may not be inparted, whereas if it exceeds 50 gym the coating unevenness
or the Iike may be generated to inpair 20 the appearance or deteriorate the
wor.kability of the <coating |ayer. The top coating material may be coated
in tw or nore |layers, if desired. The topcoat |ayer can be fornmed by
appl yi ng, drying, baking and thereby curingaa gener al | y- knowq Ju@e 2006t i ng
materi al . Exanples of the 25 generally-kno top coating material include a
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el ectron beamirty
plgments 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-
e 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.



device may be used. 11 The netal sheet for use in the precoated netal sheet
30 of the present invention is not particularly limted but exanples of
the: metal sheet which can be used include generally-known netal sheets
such as cold-rolled steel sheet, hot-rolled steel sheet, stainless steel
sheet and alum num sheet, and plated netal, ssheets obtained 4 Rme 2006

subj ecting one surface or both surfaces of those netal sheets to a hot-dip
plating treatnment such as hot-dip galvanizing, hot-dip gal vanneali ng,
alum num plating, - 2@n 2de Jaweer 2308 agetnbBUthE i precildteyiedephat singpt of
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are advantageously improved. Examples of the cecloring
pigment which can be used include generally-known
coloring pigments including inorganic pigments such as

20 titanium oxide (TiO,), zinc oxide (2n0), zirconium oxide
{2r0,), calcium carbonate (CaCO;), barium sulfate (BaSO,),
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

‘B 25 different effects are preferably used in combination,
because respective effects can be exerted. 1In 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. If 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 precoated metal sheet greatly

deteriorates.
In the precocated metal sheet of the present



- 21 24 June 2006 Thickness of sheet: 0.6 mm 2. Chem cal Conversion
Treating Solution The follow ng solutions were prepared as the chem cal
conversion treating solution used in 5 experinents. (a) Chem cal Conversion
Treating Solution (A An aqueous solution containing 5 g/liter of a silane
coupling agent, 1.0 g/liter of a mater-disqzrsible silica, Q4FJugklod€r (as
zirconiumions) of a zirconium 10 conpound-and 25 g/liter of an aqueous
acrylic resin was prepared and used as the chem cal conversion treating
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t he agueous acr yd:heremurf \igs expebgacsy e, adied woBBabe}itherd ddle Conversion

Treating ution %tc ueous a}g{_{gﬁoon containing 5 g/liter of a silane

coupling ent, aé’r of"?3 er- asper5|ble silica, 0.5 g/liter (as

zi rconi umi ons) of a Tzn ﬂdwmﬁﬁoébﬁ@ml Zheg/t] Pﬂfethéfp%ﬁﬁ%lﬁueous acrylic
resgfand 0.5 35; g/ddd&in Ofthléhggﬁm?ﬁéclaagéxd cHAT aRhERG! €l aeﬂﬂmu.?ﬁdl as the

cherfr"cal conver5|on treatln sol.ution 2006
coupl i ng agent b%ﬁy@ﬁﬁ%ﬁ?’brjﬁpﬁﬁ% ﬁ@?’ﬂigxbgf‘ﬁ g by %r%%léﬁgﬁy
wat er - di sper si bllerepaﬂmrga anaesat SngwhateN'alpcodteadihy W%m@’énﬂé‘a%
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and the aqueous acry resin was ol yacrylic ac ( Chem ¢
Conver si on Treatﬁ%ﬁfﬁkﬂQh?ﬂoﬁoPEﬁnFog NGon rﬁlﬁgnﬁﬁﬁ(ﬁQﬁHW? &V8i 1 abl e
coating coating material, whereby good production efficiency is
attained. The coating material may be used in any form
such as solvent-type coating material, aqueous 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 method, for example,
e 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 coating, 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




material for chromate treatnent, "ZM 1300AN' produced by 10 Ni hon

Par keri zing Co., Ltd., was used. (e) Chem cal Conversion Treating Sol ution
(E} For conparison, a commercially available coating material for zinc
phosphate treatnment, "PALBOND' produced by N hon Parkerizing Co., Ltd.,
was used. 15 3. Coating Material Cbntalnlng Al um num Phosphata Jyne2061 num
phosphat e- base pignent and if desired, Esf-preventive pi gnent were
added to each of comercially avail abl e pol yest er-base, urethane-base and

epoxy-base cl ear héQ@ix‘uﬁ‘g;ﬂﬁt fledl, s ahéncgfmlc@a%lmgf ﬁlseeeiaﬂol@am gnent and
stirred to prepar ghcoatl mate al s havi n ;ogom tio s WI’(l)wlnn Tabl e
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Table 1). The anount a eac |grre
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connerC|aII avaj | abl 35 Lne, artlcle in Table
1) or a tlo%/anlu?ﬁ' i de 1§5* %r%%% c?sén Isﬁl ﬁg&é\gﬁ tr?é Iéa Sha Ltd. as
a white pignent i@ﬁﬂﬁhih%@Y"tlEnnP€@N¥¢ﬁQQEthﬁnt0PQQ¢1 1§¥F¥MJm@92896tT§BIe
1). The anount &fnc@aCBopbgn@ﬂsealsarﬁ@qwaehmgn Q&Je&ﬂanhmanaoeehaabl e

1. T Co I A | | b
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The col or was wHne dsiyseta§eoBatk MQnﬂlanyaMBeérlaTh¢\lﬂﬂﬂﬂﬂtﬂL§kP?SavaflabIe

pol yester j@ase tigp & bBQtlﬂat:ﬁéﬁé’haf'ﬂs‘)%@ BFOLUCEL) 1Y hicRRencRai nt
Co., Ltd. was wused. The col of was :g' base. R 6. Preparation of
|

Precoat ed Metal HtedhiBaéh Pr-’eeﬁfPr%Wéét \Faa*sldégré@siéﬁl by dithisi #gPFPaFn an
aqueous solutlo of F 3648 rod ced ke |Z|ng Co. ) at a
concentration of géécﬁﬂﬁ gﬁﬁﬁ?g%ﬁpe o?mGO €8ﬁ8§kﬁgﬁ
washed with 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

o 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, ultraviclet-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 (Zn0O), zirconium



15 water and dried. Thereafter, Chem cal Conversion Treating Solution (A,
(B), (C or (D was coated on both surfaces of each netal sheet by a roll
coater and dried in a hot air drying furnace to obtain a chemcally
converted layer. As for the ampbunt of chem cal 20 conversion treating

sol ution attached, Chemi cal Conversion Tr gt ing Solutions (A4Jupdl20e6d (D)
each was coated such that the anmpbunt of t entire dry |layer attached
becanme 25 ng/ n2, Chem cal Conversion Treating Solution (C) was coated such
that the anount aktiaehedrd) becastumkdmdnéten (katop Obateual sehfope um and

Chem cal Conver Tr eat| n Sol ( was at ed such that, th LAamount
of the entire dr3lB (%L?\?aﬂb kZ%ﬂJl lf’%% bslaecckl’rrel%OUQ ng

Chemi cal Conver spandé’r emsoﬁmg &Duld o lCEpndt hell;th@m d%;ln y‘-h@oﬁw?rted | ayer
was obt ai ned 30c9xt9h§m%5ﬁq d%@l&@ﬁé@&’lf@?l@loﬁh%@%lbﬁ @smxc@l
for

Conversion Treatin ution (E es an hot air

drying furnace. g?’rﬁ:%t]r FHHV S PSRN IS RER rﬁf%ﬁﬂaltdﬁ %7t?\’é“sa}c'oé3tr&?esuch
that the anmount ebnezéost phpsphatreadt t et &enmoatghgﬂmaﬂénmqﬂeak net al

35 Cerperature dhathe: Al alaSOOVRLELOL ANhSUMY ¥TeSEdas iy O0C

Thereafter, a coating tarnrng an - | um num
phosphat e- base p?‘@ﬁ%ﬁ%alwas]?%ét é&nenc%@%‘br“‘faé@élaéf ogatRXERemiceating

conversion-treategterisl sdicellsbyba todd. coad efopt echayrganditeridli alayess of

5 mand a pack cpat t |aI t n roll
coator 5 13 havers eHid ¥l s eehRR AR ﬁ%&c@%&%‘*ﬁgmﬁ‘é&@? N e
dried and cured Falhredatdud i 6Hrhadti FkeY Wasddad whPL eﬁl‘(’)‘\’fﬁfrﬂgl%ot air

under the condi t¢@@@1r&j gil\él &@aalneﬁa&m@aytﬁr@geaawéesoépr%lﬁca,g,t hereby

obt ing a coat he _coat ed netal sheet f.ter r
okl s spr avELF A HARREAE LERGCoRE iy it oo b tiRr T "o op
coating mat eri al comsinbatredrgsht feat Tond | r‘l@lel &por coahing rmiﬁgal%l-rﬁlallﬁm num

phosphat e-jbase Pl oENMLIRY Batel! §0§tg€‘efnéx%1h%\6%t§n96ﬁ{st&%ﬂ@s&l@k 15 m
and then dried and baked in_an I nduction heating furnace 15 wh|I bl owi ng

hot air under the*idehdinnrdsled: Wg?%?fbllac%&a‘l?gwef"é{:t?é 4t lfl"é 6‘1"9230C
The coated net alamwlleaf caertdiyi ompainds bakiligdwascepl aysatkimig Hinet exr and

t hereby cool ed. ’Er{%ts S&Qg% %gﬂgc}?éc%%s%e%%% 3BgEiRg WSri PGt eet
materi al was obtaine
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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aluminum-zinc alloyed plating, alumina-magnesium-zinc
plating, aluminum-magnesium-silicon-zinc plating and
lead-tin plating, an electroplating treatment such as
electrogalvanizing, zinc-nickel electroplating, zinc-iron

5 electroplating, zinc-chromium electroplating, copper
plating, nickel plating and chromium plating, or a
plating treatment by a dry process such as vacuum
deposition. Among these, metal sheets having a plating
layer are preferred because excellent corrosion

10 resistance is attained. Before the chemical ccnversion
treatment, the metal sheet may be subjected to a normal
treatment such as warm water washing and alkali

(:) degreasing.

15

v Examples
The test materials used in experiments are described

in detail below.

1.

Metal Sheet
The following metal blanks were used in experiments.

20 (a2) 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)

Thickness of sheet: 0.6 mm, amount attached in terms

25
@ 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 zinc: 90 g/m?’ per one surface (both surfaces were

plated).
(d) 2Zn-11% Aluminum-3% Magnesium-0.2% Silicon Plated

Steel Sheet (8D)

Thickness of sheet: 0.6 mm, amount attached in terms

35 of zinc: 60 g/m’ per one surface (both surfaces were

plated).
(e) Cold-Rolled Steel Sheet (CR)
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~ Thickness of sheet: 0.6 mm.
2.§Chemical Conversion Treating Solutien

The following solutions were prepared as the
chemical conversion treating solution used in

5 exXperiments.
(a) Chemical Conversion Treating Solution (A)

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

10 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-

<:> . glycidoxypropyltrimethoxysilane, the water-dispersible
silica was "Snowtex-N" produced by Nissan Chemicals

15 Industries, Ltd., the zirconium compound was ammonium
zirconyl carbonate, and the aqueous acrylic resin was
polyacrylic 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 agueous 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 agqueous acrylic resin and 0.5

35 g/liter of phosphoric acid was prepared and used as the

chemical conversion treating solution. Here, the silane
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coupling agent used was y-
glycidoxypropyltrimethoxysilane, the water-dispersible
silica was "Snowtex~N" produced by Nissan Chemicals
Inéustries, Ltd., the zirconium compound was ammonium
zirconyl carbonate and the aqueous acrylic resin was
polyacrylic acid.

(d) Chemical Conversion Treating Soluticn (D)

For comparison, a commercially available coating
material for chromate treatment, "ZM-1300AN" produced by
Nihon Parkerizing Co., Ltd., was used.

{e) Chemical Conversion Treating Solution (E)

For comparison, a commercially available coating
material for zinc phosphate treatment, "PALBOND" produced
by Nihon Parkerizing Co., Ltd., was used.

3. Coating Material Containing Aluminum Phosphate

An aluminum phosphate-base pigment and if desired, a
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-G105 (aluminum
dihydrogentripolyphosphate) 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 Sangyo Kaisha
Ltd. as a white pigment (shown as "titanium white" in
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Table 1). The amount added of each pigment is shown in
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Table 1.
4. Top Coating Material
A commercially available polyester-base top coating
material "FL100HQ" produced by Nippcen Paint Co., Ltd. was
5 used. The color was white base.
5. Back Coating Material
A commercially available polyester-base top coating
material "FL100HQ" produced by Nippon Paint Co., Ltd. was
used. The color was gray base.
10 6. Preparation of Precoated Metal Sheet
Each metal sheet was degreased by dipping it in an
aqueous solution of FC-364S (produced by Nihon
€:) Parkerizing Co., Ltd.) at a concentration of 2 masst% and
a temperature of 60°C for 10 seconds, then washed with
15 water and dried. Thereafter, Chemical Conversion
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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aluminum phosphate-base pigment was coated on one surface
of each chemical conversion-treated metal sheet by a roll
coater to have a dry thickness of 5 um and a back coating
material was coated on another surface by a roll coater
to have a dry thickness of 5 um. These coating materials
were dried and cured in an induction heating furnace
while blowing hot air under the conditions of giving a
peak metal temperature of 210°C, thereby obtaining a
coating layer. The coated metal sheet after drying and
baking was sprayed with water and thereby cooled.
Subsequently, a top coating material was coated on the
coating layer containing an aluminum phosphate-base
pigment by a roll coater to have a dry thickness of 15 um
and then dried and baked in an induction heating furnace
while blowing hot air under the conditions of giving a
peak metal temperature of 230°C. The coated metal sheet

after drying and baking was sprayed with water and
thereby cooled. In this manner, precoated metal sheets

as the test material was obtained.
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5 a surface for evaluation. 1. Wrking Adhesion Test of Coating Layer Each
precoated netal sheet prepared was bent at 180 and the coating |ayer in

t he worked part was observed through a magnifier at 20 magnification to
exam ne the 10 presence or absence of cracks of the coating |ayer. At the
bending test, the bending was perfornmed su that the surfacd RER2006W th
a coating material containing an alum num phosphat e-base pignent was
outside. Furthernore, a pressure-sensitive adhesive tape was fixed 15 to
the worked part and pewertrmhdyppaeled erbcasted hetaleshtieals state of the

coating | ayer was U%ﬁse%vgdtg\n Ehhe af%ll ﬁe%v'%)fl S 1&s tl?stt@e t ape; peelEng was

performed tw ce. ghdrh in"an atnosphere
of 20C. 20 In thé&hessl baston tﬁe mtfaﬁ»g Faymd dfrzddkmg:oafchég BaReTIRL | ayer

conpl etel y free %ﬁan%iﬁ!ﬁﬁgv\@& Jl%ﬁ%u%@ﬁhbbﬁha’@&aéddw digwenthaxs ngsedoad 1
to 3 very sga crack g rat 0 e coating | ayer having very snall
u

cracks thrdughodt *th a‘é%r?%ee alj:&f’éd 0, and the coating 25 | ayer having
| arge cracks cl edr| Voobseg valilas ioneeaitt bf afoateye tUayeuaghout t he wor ked

part was rated X. In kg&ey@éd&weanmeftaﬁe%w@ p%tr%dofﬂatshgeﬁ@aét nggod ayer
after tape-peeli gg the coatjng | ayer not. sep ara i ni ng

on the steel sheéfduwhlecRdwQlayke 38 EB%t‘f‘?'Fd‘qda)P@FtpEPtsl 8???/1"(1‘?1 er goi ng
sl i ght separ at i omhwasgh r atrehr(,f itelre ac020 | meg fjera tjant ital b;amnnier@m ng

serious ar at | r ne@and £t t a g {rost

t hr oughout he bgggswor?(e%t %%rs{en\%/%sgga?g%l&?g dé;%h recggﬁg iﬁ% sheet
after the OT V\Drkhﬁgb%ln%?e@ltppébel Repding ﬁﬁ‘mﬁ@@?dlsﬁﬁﬁrthﬁ%&?‘% aken
out and left standrage feiat2d h:QlﬂhSaaadath&j eRfteriialt Benvaiketg-a? 7 - 24
Jun 006 part of,the coatin e b| ec t peeling. 1In the
evaﬁtl on of rem%aﬁm parioﬁhfa%f\éhéa\é\%a mér}et tw%% o %gggoatl ng | ayer not
separated at al | Fantheatieni ﬁgpéﬁssﬁﬁé"wlé&@d"@t @é‘lhe§h§8t tARS Yt d%99 t he

coating :awr 5 @artwlvlrdm@ad@wel Qﬁdsﬂzéx@éﬁﬁﬁﬁ@arp%@lﬁﬂ w85 &nd echd, the )
coat | ng | ayer al‘tl I’l serrous s t he
coating |ayer seﬁ%?la‘%%%l aﬁ%ﬁg:& g?%uﬁ%%tltnq ﬁ'ea% gﬁgar‘%%?f‘pl V@S rat ed

X. 2. Galling Teeye of m)atmﬁgteayertbg ‘m—mlAn'GTE% rerfeEned WHIQg.ng of

Coating Layer byriReagkndinf@aslpbledprédaly @t TReRAhgakn Dhs Charolfhdie
96-1078) was per%o%(g,ed which s a test nmethod of reproducing the

separation of co% ayer of a precoated netal sheet generated due to

gal l i ng of2x he coati rp [thpeevhjuat porsst kKoatsngl laped arachéngr e f or mi ng

of the precoatedcgg%fﬂg layer completely free of cracks was rated ©, the
coating layer having about 1 to 3 very small cracks was
rated (O, the coating layer having very small cracks
throughout the surface was rated /\, and the cecating

e@ 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 ceoating
layer after tape-peeling, the coating layer not separated
atxall and remaining on the steel sheet was rated ©, the

30 coating layer partially undergoing slight separation was
rated (O, the coating layer partially undergoing serious
separation was rated A, 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



sheet. First, the precoated netal sheet prepared was cut into a specinen
of 30 mMmm (width) x 300 mm (length). This specinen was sandwi ched by a fl at
nmet-al nold and a nmetal nold having provided thereon a bead having a radius
Rof 204 m At this tine, the speci nen was sandw ched such that the bead
of the nmetal nold was pressed against the ,surface coated W tX Jume@bng
mat eri al containing an alum num phosphat e-base pignent (surface for
evaluation), and a load of 1 ton was applied to press the bead part of 0
25 the netal nol gatre bhetsardaoe dqon ageal was i b jofc tiekie toptepeapeell irey al

sheet . I this statencthefissonl 80 (Eial. shesldes dravouindiddale of

200 MM mn and t separated sta coat1 ng | ayer on thel surface for
eval uation of th&hpreesbing Ianed nokeEEPREMRY Ay alte 288 KRBATHARI Mler ved

with an eye and edal gyatesh dvrdihgneval waki Pised I®, coRé | ehd BKLEN afel
separated at all was rated oQ the coating |ayer very partial l@o lt%parat ed
u

was rated 02 thePaBhtdhly |URAAGT 90dper i adl T PeRprafior WaF| sapgd 0% or
more based on theoaﬂiﬁg(ﬂhjﬂi paiedlby &hdehenichgvaeriatedsépapattidhevas

coating layer en r d s, Iat.ed €.+2006
3. ~Corrosi on Rest éjf%‘gcé 55? ‘?’h% <ot lanc,ge 12 gfeaeang?ﬁtéélc% | ng mat eri al
cont ai ni ng an aIuhrwmmhqﬂtxnﬂmamenbawerkﬁ@ﬂﬂﬁﬂi ofast atedr eécoat ed netal sheet

prepared was CUtszGé‘lHH%%resttoog Eem&&r@émﬂ%yplseaang the coating |ayer
and reaching the netal eet. Furt hernore, end face_ part was cut off

such that the burr atAtP??Séuf“letﬁﬁdcaﬁeGi‘Jolltr’r?e°§uFI°&Eénch Y& RY 37238 ‘back
coating naterial ($¢éonerItuTohrndbusf Tecisaielle ofigrlospresion Fesititance
test was prepareg, ]e{l(]eerl ﬁ%”p'wgﬁ}ggsbé hae'\;ﬁs]sl’@lm"e(‘t‘h‘ég Le f‘mg?&éuélﬂ{ga%htee“ by

t he t hod descrl wat er spraeyed on the
surféace coated V\f‘?ﬂ’\a’%ﬁ"d&é‘t ofg CRAEARY al 2Y o Rfaitn PRECAATER LT Fhm
phosphat e- base pygrerdtediibRet €t gall iy was th20 chauiagwheyet Hey [ andesef t he

precoated yetal i shech dias 2ngobdioldathialesl shecho2d0iloistathen ( he

bl ank was ‘an el ectrogal vani ze sheet en the bl ank
was a hot-di p gaihestizedisesel tgﬁeﬁec%t%%ﬁéﬁﬂoyﬁéﬂeﬁl RRPPATRY MRS FiV4t ed

steel sheet or a0 BLUoeR4HELNYE" FHOMPIRARIMT O 386 Sk ehgUral cd el

sheet. 20 In the evaluation of coating layer at the cut part, the sanple
havi ng a maxi nurBisidigesr wasdspndvwie hyhan flatnfehal djand of mepal

cutting was rat eh1@ hta%ngam?be;@éd ZhdPBdn0 al B88dl hawisg AN MaB.Usatked£0, the

A B

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. 1In 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 (), 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,




in the evaluation of the cut end face part, the sanple having a blister
width of less than 2 nmfromthe end face was rated @ the sanple of 2 nm
todess than 3 mmwas rated O, the sanple of 3 nmto less than 5 mmwas 30
rated L, and the sanple of 5 nmor nore was rated X - The eval uation
results are shown in detail below - 29 _Zganne 2006 0 O O 2Lhire 2008 A
0-A.imO O ,kmidam C 41-lametol Id aOHO "M {QO NNNCV .i o +sm N |I.CA
Ws4v01 01 mpp OmO a04.1 mp mMu nmu nC"'m~ i n/, M ma 'UAO O -H1
srNau 1 9 mO0. 3, Corrosion Resistance Test

The surface coated with a coating material
containing an aluminum phosphate-base pigment of the
precoated metal sheet prepared was cut by a cutter to

5 form scratches piecing the coating layer and reaching the
metal sheet. Furthermore, the end face part was cut off
such that the burr at the cutting came to the surface
coated with a back coating material {lower burr). Thus,
a sample for corrosion resistance test was prepared. The

10 sample was then subjected to a salt spray test by the
method described in JIS K 5400-9.1. The salt water was
sprayed on the surface coated with a coating material
Q containing an aluminum phosphate-base pigment. The test
time was 120 hours when the blank of the precoated metal
15 sheet was a cold-rolled steel sheet, 240 hours when the
blank was an electrogalvanized steel sheet, and 360 hours
whén 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 A, 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 to less than 3
mm was rated (), 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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ciCCaww|[O0O U- 30 24 June 2006 The eval uation test results of precoated
metal sheets prepared are shown in Table 2% tn the precoat edq Jimiead006heet s
of the present invention (Exanple Nos. 1 to 22 of the Invention), the

Icg;‘teir“gy' gé’g& ;: di T1 gl dy 1022 1 86PREAE Erd dli il F2LLLRGatES IndarcOal I NY
sheets prepared are shown in Table 2. In the precoated
metal sheets of the present invention (Example Nos. 1 to

22 of the Invention), the coating layer is difficult to
5 separate in the galling test of coating layer by bead as
compared with the metal sheet using a conventional non-
chromate chemical conversion treatment such as zinc
phosphate treatment (Comparative Example No. 28) and this
reveals that the precoated metal sheets of the present
10 invention are superior. Also, as compared with those
where in the coating layer on the chemically converted
layer, an aluminum phosphate-base pigment is not added
(Comparative Example No. 23) or an aluminum phosphate-
base pigment is added in an amount of less than 1 part by
15 mass per 100 parts by mass of the resin solid content
(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. In 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 equal to that
obtained when a conventional chromate-type chemical



conpared with the nmetal sheet using a conventional non- chromate chem cal
conversion treatnent such as zinc phosphate treatnent (Conparative Exanple
No. 28) and this reveals that the precoated netal sheets of the present 10
invention are superior. Al so, as conpared with those where in the coating
| ayer on the chenically converted |ayer,” & al um num phosphai4ehi@2806

pi gnment is not added (Conparative Exanple No. 23) or an al um num
phosphat e- base pi nt.ils a i_n of h t 15
mass per 100 par?ggggr%%%§ %ﬁ¥%3$§“Fe§?n %ggﬁc%%#gﬁﬁak6%gn§§§§§?%gxf?anpIe
No. 24), the coagfnantladel, ithergifprieculit i Begiatned thath&hgaitSty test of
coating |ayer byrbeaftand gifyrenieveabschbéiun hivrprdenangingesalicaheet s of
the present invention are superior. In the 20 precoated netal sheets of the
present invention, when the chemcally converted |ayer contains phosphate
ions, the EBorrodhdnstesiktmpddciabiénahrnced (conpari son between Exanple

No. 1 and Exanple No.addoidd&@d RUENHEEEIn@Nhdntilch, Mar pro¢edesd ed to

cont ai n phosphate ions.. Wen a rust-preventive pi nt is added.tq the
coating material "eFA* atRFTY (ﬁ%‘cteﬁifaﬁg éhﬁﬁ%dfﬂ%&%ﬁ%?b%e‘%°g°r?gtrht“%
(Exanpl e Nos, 9 feydf aidtthe loorension)resietawre egidoNeryesuttatniee fioy

| mproved as_COMPAEeds &y tfi0R2aWAET Br v i ddip v UHRYAN Us N RgPh kB 1t NOt
added (Exanple nos. 3,to 8 30 of the Invention), and therefore, it is
preferred 1% coRPEPRIHMy 1LYy dFeRPRERIDT qQ1egadFPP%ﬁnY%;%Wu§°t"

al um num phosphabeebessedi gmerbordingpegy t tlcallmresaentednvhetionstapreewentyi ve
pignment is a cal gi j On- ngi silica (Exanple Nos. 1, 2, 9 to 15 and
17 to 22 of the gggﬁh%éﬁhéﬁ%ﬁgﬁ 9ﬁgggbrrosion resi stance is nore inproved
and noreover, the corrosion resistance is equal to that obtained when a
conventional chromate-type chemcal - 31 24 June 2006 conversion treatnent
is applied (Conparative Exanple Nos. 26 and 27), therefore, it is
preferred that the rust- preventive pigment is a cal ciumion-exchangi ng
silica. 5 Industrial Applicability According to the present invention, a
precoated netal sheet excellent in the working adhesion of coating |ayer
and the corrosion resistance and very suitable for press-form ng can be
provi ded wit hout using hexaval ent 10 chrom um which is considered to be
environnmental ly not- preferred. Accordingly, the present invention has a
very high industrial value. - 32 24 June 2006 CLAI M5



1. (Anended) A precoated netal sheet with excellent press-formability,
conprising a netal sheet having on one surface or both surfaces thereof a
5 chemcally converted | ayer forned by coating and drying a treating
solution containing, in terns of solid contents, (a) at |east one of a
silane coupling agent and a hydrolytic coddensate thereof, (34 Juhe 2006

wat er-di spersible silica, (c) at |east one of a zirconiumconpound and a
10 titani um conpound and (d) a mater-sol%REEMgesin as essenti al
conponents, and having further fornmed theredma coating |ayer containing
from1l to 140 parts b¥y. mas@mgndes])unhnpreddanatt apdalr speeyptidshbhat e per 100
parts by mass obxEBe1éfSigreiQ rdragBli ey, IombritiagPhesesi edsi@dtal sheet
with excellent press- formability as clained in cIa|n1% mhgreln sai d
treating  sol uti BAVIES (HeroRRREEAC pRBBRE SRR eo3 CIPEER b1 ) 4.
(Anended) The prebeaieal Irtainveireetl hayér 20omeskbyenbapingsafidrdmting vy as

clainmed in clai - greincsak 4 i 3hBSof EYBIa RESURIHLsV e
pi gnent in addr¥%8§£%€?t%e aﬁ%ﬁiﬁé%%%%%g%foégﬁﬁhipolgphos hat e andtsthe

total content of (Ehe?l WRASUME RYdRoFeht?d FMRIAGIpRILERE atRF the
rust-preventi ve h8rplgnentcanslehd@tpatherdnyt nady ar whees-pespdiliigarts by

mass of the resipg, polid conteny .3, Jhe & epoated fehabonbesla Wid o

excellentefress- formability ainmed 1n clarm erefn the rust-
prevent i vel bi gnehi tzphimigsspoupdsand (A e watex-8gleblm T89LF @R exchangi ng

silica. 6. The psesoptrd Whpbnehes] imd mBXeR) lrart hpressrnédrataltidont 4 as
claimed in any one of clalme 1 to 2 Whersin Lhe aptal shes 5 a retal
sheet - having a p?aflnd;]13§%i SA-Bhe 8Urface or “bot OF Taces ereof. 35
7. (Anended) A neiwodhumpdigyddegentr pphedmsrddtenpetl 18herarsg thy &Reél | ent
press-formabilitys ©OUMdsSINGo169atbgei - 33 24 June 2006 treating
solution cqntaining (a) a _silane couplin gent _and/pr_a rolytic
condensat elq‘{]hereof, (2‘3.) a% BF?CB?E‘E%H%‘%@% Sﬁelefcg,ltgc?x%giferngto BV
conpound and/ or fermdkidditymasorpeimed aitd (ld)ima lwawberebh ubtid resdatiag 5

essential conponghi s iQfh NS +aMET 868t LInPYPrldbsPakacesnel a metal sheet,
drying the treating solution.to forma chemcally converted | ayer

appl yi ng thereon a c&%tindneﬁﬁFﬁﬁ?al containing from1l to 140 parts by nass
of al um num di hydr ogent r i(pokyrpgbhdsphtie percob@@dpmetsl byhems svilth of t he

resin solix) contgntay1and QE&Engé%mkﬁiwﬁkﬁb%sCHﬁkﬂﬁed in ¢laim 1 or 3,
wherein said layer contains a rust-preventive pigment in
addition to the aluminum dihydrogentripolyphosphate and
the total content of the aluminum
dihydrogentripolyphosPhate and the rust-preventive

25 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-
preventive pigment contained in said layer is a calcium
30 ion-exchanging silica.

6. The precoated metal sheet with excellent press-
formability as claimed in any one of claims 1 to 5,
wherein the metal sheet is a metal sheet having a plating
layer on one surface or both surfaces thereof.

35 7. (Amended) A method for producing a precoated
metal sheet with excellent press-formability, comprising

coating a



the coating material. 8. The method for producing a precoated netal sheet
with excellent press-formability as claimed in claim7, wherein said
treating solution further contains 15 phosphate ions. 9. (Amrended) The
met hod for producing a precoated netal sheet with excellent
press-formability as clainmed in claim7,- wierein said coati ng J®iec2008
further contains a rust- preventive pi gnent and the total content 20 of

said rust- prevenElvetF g SéEuth ﬁon nunt dggydr%%egtrlggh Qﬂgﬁl S
€ss SS 0

140 parts by nass or e res
content. 10. A shaéé@ra@thxﬁnPHxavpngoﬂﬁen%ﬁkﬁ|hﬂfﬂ&@¢er(bm at%etQRHEH

appear ance, obt aumegepyumt tdl’]ﬁcﬁnd(eﬁeﬁszﬁﬁbérﬁ.@iﬂ RGm Banar@@@ﬁ&ec& met al
sheet clained in ag%%one of f or _producing a

shaped article, +?%|9ﬁ?9 ﬁBdan%)p?é@%F%ﬁnsﬁgﬁé Phe®ptctat ed netal
sheet cl ai n&d ineaﬁgntmﬁﬂcﬁomﬁqaenssloDOOEeEﬂurﬂaQEdpﬁnghb 8or twas f lkayer

of the shaped arfiele gﬂééﬁ*“dr&@ﬂﬁvkﬂg £feating solution to form a
chemically converted layer, applying thereon a coating
material containing from 1 to 140 parts by mass of
aluminum dihydrogentripolyphosphate per 100 parts by mass

10 of the resin solid content, and drying and thereby curing
the coating material.

8. The method for producing a precoated metal
sheet with excellent press-formability as claimed in
claim 7, wherein said treating solution further contains

15 phosphate ions.

9. (Amended) The method for producing a precoated
metal sheet with excellent press-formability as claimed
in claim 7, wherein said coating material further
contains a rust-preventive pigment and the total content

290 of said rust-preventive pigment and aluminum
dihydrogentripolyphosphate is 140 parts by mass or less
per 100 parts by mass of the resin solid content.

10. A shaped article having the coating layer on
the outer appearance, obtained by cutting and press-

25 forming the precoated metal sheet claimed in any one of
claims 1 to 6.

11. A method for producing a shaped article,
comprising cutting and press-forming the precoated metal
sheet claimed in any one of claims 1 to 6 and holding the

30 coating layer of the shaped article without removing it.



