; I"H#$UR () *+,-./0123e3e&6d; 565T&6J ANNEX 2 COATED STEEL SHEET AND METHOD
FOR MANUFACTURI NG SAME FI ELD OF THE | NVENTI ON The pre ipvention rel ates
to a coated steel sheet having excellent heat resista
resj stance at forming, applicable to various parts of
househol d el ectric appliances, and building material s, and—ats
for manufacturing thereof. DESCRI PTI ON OF RELATED ARTS Om ng to the

durability and economny, zinc-base coated steel sheets axe used in w de

fields including autonobiles, household el ectric applianc i Ng
materials. Aimng to provide functions such as corrosion mummmmmu"%d
paintability, chromate coating is conventionally applied to tt]?g gurrace of
the zi nc-base coated steel sheets, and further a thin-filmresin coating
treatnment or the like is given_ to the chronmated surface to forma several
ni cr onet el AR IETHEL iﬁ"“‘l‘%rﬂ'em AETHA &P MANHFAT R ING SE coat ed st eel
sheets, however, have no heat resistance, thus they rai se probl ens of

di scol oration, snoke em ssion, reduction in corrosion resistance caused by
heati ng t hermaef oheaud eyrmimeKposed to hi gh tenperature environnments such
as peripheral sections of autonobile engi ne-room oven, electronic oven,
shrink band on Ghehmdesemy ihubetdbn™élatrss adjzaceateqeticiednshéot hakvdag
section. For the case of sole chromate coating, the steel sheets raise
probl ems XIS heat resistangehand damageade st ansse Atarfermdiird ng
form ng thergaf S L _fi and .of. degradi n Qrrosion
resi st ancg%ft%%t%ag)a%a%ggé%%%i %%J,:E? h%%grgr]uE%Obd]IJsecso'l &'ogtsie% t]’l%gegﬁﬁﬁrrégsed
to some edpyiiaHdddg RPN dihe) efteaidis | Grida B ar e et Fdr
conponent. Several counternmeasures to those problens have been proposed,
for exanpm@nufaqtiyriyeg Aher38§44, (the term "JP-A" referred to herein
signifies "Japanese Patent Laid-COpen Publication", (2) JP-A-6-179981, and
(3) JP-A-7-278837. As the technology using silicone resin, there are (4)
JP-A-63-1 ol 2% rkd’ 4k sb;lthough the chromate coating uses
hexaval ent chromumwhich 1's classified as a regul ated substance agai nst -
pol I ution, cont agingt t&rnhelfderm i DR RLhJaEEs N ZRedy-ph¥% et bSa X 3akent
chrom um does substantially not occur because the treatment process is
carri ed owhedetsaackogsed sitswértei Aiahdeshindbudhixg\saltwmobdiresni bouisshold
conpletely recovered and is not enitted to environment and because the

el ution ofe]ter?é:nr?é’XQPBﬁéﬁf‘cSﬁr.d?ﬁ’ R Batrrdfdte MRS 0 RESViSEr o
oW ng 10 LA AL LAH 1A A YU G LAMOKIL Jdd Ba AN PSS, recent
gl obal environmental concern has enhance € aut onorfous actions to

decrease tdmrouedtoheavny i®icanyentGlondilng Bpyavaberd bl oAt 88teld¥ the
addition, to prevent pollution of environnent when shredder dust as a

wast ed pr gdust-Hasedicgsdmst stastli ghatwerandriwedreaase thia-oliam i1esigf
heavy metal s .i,n the products has appear.ed. ,Responding to thaose novenents,
there arecﬁﬁﬁﬂ%&rﬁﬁﬁ?eﬁgn@ﬁoﬁ%&% tregtHERL TP O AT St S vEL ARG
chronmat e i & i s at. g i : L t on
Cimo- base coaran St Se T ERb e et R S o Stk i e et ods
that utilize or ghnise bhse-baspavi=dBdeelgsintet § £Hidwevdxanplresn@heatem
are the followi ng: (1) Method of using tannic acid, (for exanple, JP-A

51- 71233) s tandfod rusudihey &adse ke chaisrpirat ¥kt ¥eeksd an
epoxy resi I asnloam' r;:oar-%{ec i.rg), e:fand tanni ¢ acid, .(for exanple, iﬁPrT@[ 6%—.90581);
(3) Met hod"Br° STy TETRA Ry FoFE& 188 1M AicS TGRS T s5S RYnBeRdd 5
using a nprRe-YOdHeh %eg WBE Bz RASEd 63 I A R MRALN B v FRMEAHIsC
acid, (for exanple, JP-A-8-325760); (4) Surface-treatnent nethod of

appl yi ng amcdnweo e rsiglhtirnadn sefc td dryedrelz i et dhesh Viad | arey nd-arddme, sewdrace of
tin plate or gal vani zed steel sheet, (for exanple, JP-B-53-27694, (the term
"JP-B" refd@cdFrand herv@m $hgrindg eandhaiii srtdh Qiparss ety epff TV, and

Publ i catiqn'.)., and JP-B-56-10386),; ) Method of, using an antirust, agent
cont ai ni né’dér?caerﬂ%@ofd:d‘é’ Ss;tlct wﬁ)rléjpe @(Jecotyl%fﬂ'di% raﬁh%mcﬁéet (9“‘21 S83% ure of
acyl sar cogfeniitd ReRAQlld 229l s el Am&d3028A)e L Ap MidIask Alalising 2
treatment agent prepared by m xing tannic. acid and 'a heterocyclic conpound
such as a benzot hi azol e conpound, (JP-A-57-198267); and (7) Method of using
a surface-treatnent conposition containing an organic resin j Nl Ng a
hydr oxyl group-Ilaid nononer as the copol ynerizi ng conponent Jmﬂmmwﬂmm
acid, and a phosphoric acid conmpound of netal, (JP-A-9-2088 4
A-9-241856). According to the prior arts (1) and (2), the chrondf®0zoati ng
is given on a coated steel sheet, and further a treatnent sol ution
containing silicic-acid as the base which is solubilized to water using an
al kali metal oxide, (water glass) ( is applied thereon to formthe upper

o, ~
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prdcess is carried out in a closed system in which the hexavalent
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chromium is completely recovered and is not emitted to
environment and because the elution of the hexavalent chromium
from the chromate film is almost zexro owing to ﬁhe sealing action
of organic composite film. Nevertheless, recent global
environmental concern has enhanced the autonomous actions to
decrease the use of heavy metals including hexavalent chromium.
In addition, to prevent pollution of environment when shredder
dust as a wasted product is disposed, action to zero or decrease
the guantity of heavy metals in the products has appeared.
Responding to those movements, there are proposed many

non-pollution treatment technologies not using chromate coating
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compound, (JP-A-57-198267); and

(7) Method of using a surface-treatment composition
containing an organic resin containing a hydroxyl group-laid
monomer as the copolymerizing component, phosphoric acid, and

a phosphoric acid compound of metal, (JP-A-9-208859 and JP-
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composite oxide film further contains (v¥) at least one element
selected from the group consisting of Mg, Ca, Sr, Li, Mn, Fe,
Co, Ni, Zn, Al, La, and Ce; the total coating weight of the (&)
oxide fine particles, the component (f) converted to P,0;, and
_the component (v ) converted to metal, in the composite oxide
film, is in a range of from 5 to 4000 mg/m®.

[3] The coated stee.l sheet according to [2], wherein the
metal of the component (¥) in the composite oxide film is Mn
and/or Al.

[4] The coated steel sheet according to any oneof [1]1-[3],
wherein the component (@) in the composite oxide film is silicon
dioxide.

[5] The coated steel sheet according to any one of [1]-{3],

wherein the component (@) in the composite oxide film is silicon
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[8] The coated steel sheet according to any one of [1]-[7],
wherein the $i0, component in the straight silicone resin occupies
60% or more of the total film mass.

[9] The coated steel sheet according to any one of [1]1-[8],
wherein the straight silicone resin film contains 20 parts by
mass or less of a crystalline 1ubricant to 100 parts by mass of
the straight silicone resin.

[10] The coated steel sheet according to any oneof [1]1-(8],
wherein the st:aight silicone resin film contains 20 parts by
mass or less of an organic-base lubricant having 70 C or higher
softening point to 100 parts by mass of the straight silicone
resin.

[11] A method for manufacturing coated steel sheet
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applying a coating composition consisting mainly of a
straight silicone resin onto the composite oxide film, and
heating to dry thereof, thus forming the second layer film at
a coating weight converted to SiO, in a range of from 0.1 to 3
g/m?.
[12] A method for manufacturing coated steel sheet
comprising the steps of:
treating at least one side of a zinc-base coated steel sheet
by an aqueous solution according to [11] which further
contains (iii) 0.0001 to 3.0mol/1 of at least one element selected
from the group consisting of Mg, Ca, Sr, Li, Mn, Fe, Co, Ni, Zn,
Al, La, and Ce, as the sum of respective metal-converted values;
forming a composite oxide film as the first layer film on

the surface of the plated steel sheet by heating to dry the coated

steel sheet after treated by the aqueous solution to a coating
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EMBODIMENT FOR CARRYING OUT THE INVENTION

According to the coated steel sheet of the present invention,
a composite oxide film is formed as the first layer on the surface
of a zinc-base coated steel sheet. Quite different from
conventional alkali-silicate treated film represented by the
treatment composition containing LiO, and SiO,, the composite
oxide film according to the present invention contains (a) oxide
fine particles and (B) phosphoric acid and/or phosphoric acid
compound as the structuring components, and, if necessary,
further contains (y) at least one element selected from the group
consisting of Mg, Ca, Sr, Li, Mn, Fe, Co, Ni, Zn, Al, La, and
Ce.
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Zn, Al, La, and Ce, which are the components added to the film
at need, in the £ilm is not specifically limited. Those elements
presumably exist as metals, or as compounds or composite
compounds such as oxide, hydroxide, hydrated oxide, and
phosphoric compound. The ionic property and the solubility of

these compounds, hydroxides, hydrated oxides, and phosphoric
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A typical range of the coating weight of composite oxide
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film is, when the (&) oxide fine particles, above—-described
component (f8) converted to P,05, and above-described componeﬁt
(v) exist, from 5 to 4000 mg/m?, preferably from 50 to 1000 mg/m?,
more preferably from 100 to 500 mg/m?, and most preferably from
200 to 400 mg/m?. If the coating weight thereof is smaller than
‘5 mg/m?, the corrosion resistance becomes not sufficient. If the
coating weight exceeds 4000 mg/m?, the coating appearance and the
appearance after heated degrade, and the electric conductivity
decreases, which degrades the weldability and other
characteristics.

To obtain particularly high corrosion resistance, it is
preferred that the component (@) in the composite oxide film
is silicon dioxide and that the coating weight of the silicon

dioxide converted to Si0O, is in a range of from 5 to 95 wt% as -



10% ! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03
10% ! & ()-/jN2_?vU903 10% ! & ()-/03 10%! & ()-/;sJ& \BiJ_?vU903 10%03
10% ! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03
10%! & ()-/ _?vU903 10903 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%

I & ()-/03 10%! & ()-/03 10%! & ()-/_?vU903 10903 10%! & ()-/03 10% !

& ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/!_?vU903
10993 10% ! & ()-/03 10%! & ()-/03 10‘V$ & ()-/03 10%! & ()-/03 10% !

& ()-/03 10%! & ()-/!"& jN2_?vU903 100 & ()-/03 10%! & ()-/;sJ&

\Bi J' () *+,-. tX<903 103 10%! & ()-/03 10%! & ()-/;03 10%! & ()-/03 10%!
/03 10%! & ()-/03 10%! & () /03 10%! & ()-/./ 012345t X<903 103 10% !
03 T ma&S(yaVl@zfrqm@ltc&: cre3ingweight)of gBeloompoly ordde10% !

-/

Eé 03 A IS ARG RRF iy (PR (TR0 TR I (32 /05 Wbt
|

|

=Clj J*t X %] v 4Bl KMIGEL 2<03 10% 03
*()-103 e Jr%é) ()“&/t(% a{fgcg%ljrpga(ﬁ oy g% 703 10% ! & ()-/03
* (Ordddsfdnce Wh 106 0d0hd W ight 0P 1Ke |s & {dor OB d0ad is

103 10%1 & ()03 10%! & ()- 9 e () -/ acegi km ?<03 10% 03 10%
L () -1 0Fitdukn the(3bpus-gdyen rgarege/:@snm%mlw(a)name;.@% IPr&sp)naba)s 10%
' ()-/mogs_?<03 10% 03 10% ! }2 /03 10%! & ()-/03 10%! & ()-/03 10%!

-/03 1ok Q5 R IHRT W ik 17\?2357’4?53 4943 LRS- dpF "ﬁ%

ﬁoﬁ%%%%“f%%y% ‘?‘*‘fbokpe?stweé%* f%os‘f? P TodTE G I 2Heo0s
10% ! 4% bt/ 90caed sB1dLY by%s DI6dn &h(o)xl/dB £8%s! a Bl d) 1P ToLdin

)

) -

) -

)-/03 10% ! & ()-/03 10%! & {)-/tX<03 103 10%! & ()-/03 10%! & ()-/;
10%! & é)enﬁes 19, langd (t)haftosh@os/ymeigm( )eﬁm:qco% phesphordg aqgid end
) -
) -
) -
) -
) -

oo
X
C)Q:Q:A

0

3

/] N2 SO3, 10%, 8 () -4 03 1001 & ()] sy, \B1J, 2203 10903 1056
/03 TO9h4CR 34 YRBLOTH okt LPBLIHPR PRREZFT) 10% !
> & ()-/03 10% !
|54 Tasiak @ﬁh OC/qt@oes %09()/%#%&( )]@7@ sodidd pesiafiice s 8 /03 10% !

/03 10% ! &‘r(o)n— Q3 il@% po¥n) ofOFik®p higher corrosion resistance

R0 R0 R0 R0 R0 O Ro = R0 Ro R0 "~ "7 Ro = = R0 T Ro Ro Ro

is attained when the ratio of the phosphoric acid and/or
phosphoric acid compound which is the component(f3) of the
composite oxide to the metallic composition which is the
component (v ) thereof is in a molar ratio range, (P,0,/Me) as
the ratio of the component (f) converted to P,0; to the component
(v) converted to metal, (for the case of two or more of metals,
the sum of respective metal-converted values), of from 1/2 to
2/1. |
The reason to attain'particularly high corrosion

resistance when the ratio of the phosphoric acid compeonent to
the metallic component is within the above-given range is not
fully analyzed. Presumable reason of attaining ﬁhe high
corrosion resistance is that, since the solubility of phosphoric
acid component varies with the ratio of the phosphoric acid to

the metal, the solubility of the film becomes particularly
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as silane coupling agent and titanium coupling agent) may be
applied. However, addition of organic resin and the like is not
preferable because that kind of additive induces smoke emission
and degradation in appearanée when the material is heated to high
temperatures.
The coated steel sheet according to the present invention
" has a film formed by applying a treatment soluﬁion as the second
layer containing specified straight silicone resin as the main
component onto the above-described first layer, followed by
baking thereof. The term “silicone” is a generic name of base
materials having siloxane (-Si-0-Si-) portion therein, and
generally reSin,_oil, rubber, and the like are used as the
silicone.

Regarding the straight silicone resin acéording to the
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silicone resin may contain one of these organic groups or may
contain two or more thereof. When a modified silicone resin,
not the straight silicone resin, is used, the modified organic
resin component thermally decomposes during the heating step to
induce discoloration and smoke emission, so the use of modified
silicone resin is not preferable.

| Among organic groups, methyl group which has smaller number
of carbons is more preferable from the point of prevention of
smoke emission caused by the decomposition of organic component
under heating.

The content of SiO, component in the straight silicone resin
is preferably 60% or more to the total film mass. The preferable
range is specified because components other than SiO, in the.
straight silicone resin are hydroxyl group or organic group so
that the increase in the content of organic group degrades the

smoke emission preventive property.
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point). The above-described lubricants may be added separately
oxr may be used two or more thereof. The acid value of MICROSTALIN
WAX, polyethylene, and polypropylene may be zero or more than
zero, and their combined use may be applied. Since the silicone
resin is a solvent system, the adding state of the lubricant is
preferably in powder form or in a state of dispersed in a solvent
in advance. The particle size of the lubricant is preferably
20 um or smaller in view of damage resistance.

Other than the above-described organic-base lubricants,
the crystalline lubricant of inorganic-base one including
graphite, boron nitride, and molybdenumdisulfide may be applied.
When the smoke emission prevention is emphasized, those kinds
of inorganic-base lubricants are preferably used. They are,

however, inferior in the damage resistance to the organic-base
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Apreferred range of coating weight of the straight silicone
resin is from 0.1 to 3 g/m’ converted to Si0,. When the coating
weight is below 0.1 g/m?, the damage resistance during roll-
forming and press-forming degrades. When the coating weight
exceeds 3 g/m?, the smoke emission prevention in heating and the
adhesiveness during bending work degrade, which is not
preferable.

The film is formed by applying a coating consisting mainly
of above-described straight silicone resin onto the surface of
the zinc-base coated steel sheet, followed by heating to dry the
coating.

Examples of the coated steel sheets on which above-
described film is formed include: galvanized steel sheets
prepared by electroplating, hot-dip coating, and vapor

deposition coating; zinc alloy coated steel sheets containing
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having various kinds of compositions and surface roughness, or
prepared by various rolling methods can be applied.

Formation of the composite oxide film and the resin film
on the surface of the zinc-base coated steel sheet are conducted
as follows. The above-described composite oxide film
composition treatment solution is applied onto the surface of
the zinc-base coated steel sheet using kndwnlnethod such as roll
coating, curtain flow coating, and spray coating. Thus applied
solution is dried by a known method using hot-air furnace,
induction-heating furnace, or the like to form the composite'
oxide film. The coating consisting mainly of above-described
straight silicone resin is applied onto the surface of thus
prepared composite oxide film using a known method to form a
predeterminédcoatingweightcﬁffilm. The zinc-base coated steel
sheet on which the coating is applied is then heated to bake

thereof to a temperature range of from 80 C to 300 °C in a hot-air



-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%!!
-/yz|}j N2_?<03 10%! & ()-/03 10%! & ()-/:sJ& \BiJ} ?<03 10993 10% !
-/03 10% 1 & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%!
-/ _?<03 10993 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10% !

-/03 10%! & ()-/03 10%! & ()-/kO303 10%! & ()-/03 10%! & ()-/ 03

| &()-103 10%! &()-/03 10%! & ()-/03 10%! & ()-/03 10%!

2kCB; sJ& \Bi JO3 10%! & ()-/03.1 43' & ()-/gK+03 10%! & ()-/03 10%
-/03 10%! & ()-/03 10%! & ()-703°10%! & ()-/03 10%! & ()-/03 10%
/1L003 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03 10%! & ()-/03

0

=) —~ O~~~
—— ~

SN

&

&

&

&

&

1

&

I

|

10 & ()-/03 10%! & ()-/03 10%! & ()-/gK+03 10%! & ()-/03 10% !

& ()-/03 Mmna (o)r aOSiQCﬂl%tic&\fl)eamlgCﬂ%ﬁna%e( ):o/®3pdﬁ%¢ 1‘&16( FolO8nLt0% !
& ()-/1L003 10%! & ()-/03 10%] & ()-/03 10%! & ()-/03 10%! & ()-/03 10%
| & ()-/03M0Hhe ®IHLNDe Ws itx {oin thmFeapmpEilog 1 & () /03 10% !

& ()-/03 10% ! 09 03. 10% 03, 1000 3
10(%3 10% ! & () h%ij %% {(E f’é‘ %5{’ ‘éﬂ/él C‘E“i‘?“%‘% ’1‘6‘% t%g%&g.

& ()-/03 lmf_bdtlc%r()to/a&)aygﬁlg&véﬁ‘yﬂé%n %d thel ¥ol03wlY. ! ﬁf(t)}re( @3ntanuet!

& ()-103 10%! & ()-/03 10%! & ()-/03 10% ! & ()-/)*,-jN2_?003 10% ! -

& ()-103 xm/@ho&pbprﬂcmdasdlor/m@mwmwaa A08pduBsd (- BeBoW 0%400 1

& ()-/:03 10% 1 & ()-/03 10% 1 & ()-/03 10%! & ()-/03 10%! & () /03 10%!
& ()- /4561‘?13%#668'311?}‘9% t&’(%zoﬁos fi%%amz@%)G%@lfi@%ﬂ%b%)cf';‘%o‘i % |

& ()-10 g | 0/ htl> '> 10% !
& 8 /0 ]1%%?4”%‘8 R ghe (‘% raikaie, i hﬁo%l’?t %#?%3 10% |
& ()-1 LNPQXC&@BJ@ 0 BoDA: 1oe@é H D103, ]&J%‘Ehe& {ded GRAME ST b

\Bi JO3 10% ! & ()-/03 10% ! & ()-/03 10% ! & ()-/03 10%! & ()-/03 10%

& ()-/03 MﬁaC&S(,) Whp]chawgal?sp m&vpreﬁem%e & I the3cédteht & pxide 10%
! &() /03, 10% ! - 10%! & (12103 10% ! & ()-/ginprty 20:sJ&v \03
10% ! & () Jfr&PfG%h &S()lsl §1eKodt

L (mol k., 1es Iwapted /eRtEdg WegIbt. / 03

1091 & (CTEFARE FFORIDs v B 000y Retbtrp to 1t SRy el

& ()-1; SJ&&héﬁo]f_mﬂfeéldg’/ﬁ*B (ﬂ-Qt%l/J& (Phd %tablllty of the treatment
solution degrades, which is also not preferable. For a compound
which contains at least one of the metallic ions of Mg, Ca, Sr,
Li, Mn, Fe, Co, Ni, Zn, Al, La, and Ce, if.the total of the
aboGe—given metals converted to metal is below 0.001 mol/1l, the
effect of metallic ion addition cannot be attained, which is not
preferable. If the total thereof exceeds 3.0 mol/l, the
stability of the treatment solution degrades, which is also not
preferable. |

The above-described baking temperature of the resin film

should be in a range of from 80 °C to 300 C. If the baking
temperature is below 80 ‘C, the hardening of resin film becomes
insufficient, which degrades the damage resistance during
working, thus the temperature range is not preferable. If the
baking temperature exceeds 300 ‘C, the hardening of resin film

excessively proceeds to induce decomposition and vaporization
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were prepared.

(1) Electrogalvanized steel sheet (sheet thickness of 0.8
mm, coating weight of 20 mg/m?)

(2) Zinc-nickel alloy coated steel sheet (sheet thickness
of 0.8 mm, coating weight of 20 mg/m?)

(3) Hot-dipgalvanized steel sheet (sheet thickness of 0.8
mm, coating weight of 90 mg/m?)

(4) Hot-dip galvanneled steel sheet (thickness of 0.8 mm,
coating weight of 45 mg/m?)

(5) Hot-dip Zn-5% Al alloy coated steel sheet (sheet
thickness of 0.8 mm, coating weight of 90 mg/m?)

(6) Hot-dip Zn-55% Al alloy plated steel sheet (sheet
thickness of 0.8 mm, coating weight of 70 mg/m?)
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(1) Resistance to thermal discoloration

After reaching the ultimate temperature of 600.°C, every
test material was subjected to socaking for one hour, then the .
state of discoloration on the surface thereof was determined by
a colorimeter. The criterion of the evaluation is the following.
©: AE £ 2
: 2 < AE £ 5
5 < AE = 10

xBQ

AE > 10

(2) Resistance to smoke emission
Visual observation was given to each test material to watch
the smoke emission up to 600 C of ultimate plate temperature.

The criterion of the evaluation is the following.
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O+: Area of generated white rust was 5% or less.

C):.Area of generated white rust was more than 5% and not more
than 10%.

A: Area of generated white rust was more than 10% and not more
than 30%.

X: Area of generated white rust was more than 30%.

(4) Corrosion resistance after heating
Plurality of test specimens (70 mm x 150 mm) were cut from
each test material which was preliminarily treated by heating
to 600 C of ultimate sheet temperature, followed by soaking for
one hour. Each of the test specimens was subjected to salt spray
test specified by JIS 22371. The area of generated red rust after
500 hours was visually determined. The criterion of the

evaluation is the following.
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sheet by an aqueous solution containing (i) 0.001 to 3.0 mol/1l

of oxide fine particles, (ii) 0.001 to 6.0 mol/l of phosphoric
acid and/or phosphoric acid compound, converted to P,0,, and (iii)
0.0001 to 3.0 mol/l of at least one element selected from the
group consisting of Mg, Ca, Sr, Li, Mn, Fe, Co, Ni, Zn, Al, La,
and Ce, as the sum of respective metal-converted values;

(b) forming a composite oxide film as a first layer film
on the surface of the coated steel sheet by heating to dry the
coated steel sheet after treated by the aqueous solution to a
coating weight in a range of from 5 to 4000 mg/m?, which composite
oxide film contains (@) oxide fine particles, (f) phosphoric

"acid and/or phosphoric acid compound, and (v) at least one
element selected from the group consisting of Mg, Ca, Sr, Li,
Mn, Fe, Co, Ni, Zn, Al, La, and Ce, as structuring components
thereof; and

(c) applying a painting composition consisting mainly of
a straight silicone resin onto the composite oxide film, and
heating to dry thereof, thus forming a second layer film at a

coating weight converted to $i0, in a range of from 0.1 to 3 g/m%.



