2 7 SEP 2005 -1 COATED STEEL SHEET AND METHOD FOR MANUFACTURI NG SAME FI ELD
OF THE I NVENTI ON The present invention relates to a.coated steel sheet
having excellent heat resistance and damage resistance at for2imgEP 2008
applicable to various parts of autonobiles, household electric appliances,
and building materials, and also to a nethod for manufacturing thereof.
DESCRI PTI ON OF RELATED ARTS OM ng to the durability and econony, zinc-base
coated steel sheets are used in wde fields including autonobiles,
househol d electric appliances, and buifding materials. Aimng to provide
functions such as corrosion resistance and paintability, chromate coating
is conventionally applied to the surface of the zinc-base coated steel
sheets, and further a thin-filmresin coating treatnent or the like is
given to the chromated surface to forma several mcroneters thick of thin
resin fil FOPTEPe STEER FSEES AP YESHODFOR YPEMFACTVRING [3MEver, have no
heat resistance, thus they raise problens of discoloration, snoke

em ssion, reduction in corrosion resistance caused by heating thereof when
they are exposeor enki ghvkempenat ure environnments such as peri pheral
sections of autonobile engine-room oven, electronic oven, shrink band on
cat hode-ray tub&efprE$ereninvedf aceni lpdetsi bms dantvesd dede $ ettciednha¥Fongt he
case of sole _chromate coating, the steel sheets raise problens of causing
27SEP24  exseldenftabRad F85653P§6§ fRe dppedranesidtrrrg £or APRGLPHer eof

caused b I; hin_fi . radi rrQsi i . at

t he danagé8£§é§?%%ﬁ,t%H%%%ﬁagﬂé%%ﬁgggﬁﬁgggggﬁgﬁéggdp%?%gggéfgdgiggﬁglgxtent
during heappngahbeseohnaWoidlt@nhRa@bsenes, oknar gaBbCtoCaNREBRAL. £Sever al
count ernmeasures to those probl ens have been proposed, for exanple, in (1)
JP- A- 4- 33B4anufechertiegnthgPedf. referred to herein signifies "Japanese

Pat ent Lai d- Qpen Publication”, (2) JP-A-6-179981, and (3) JP-A-7-278837.
As the technology using silicone resin, there are (4) JP-A-63-102929 and
JP;AVZQOOD%EEQ}?T khgggﬂEiggFﬁhggggte coating uses hexaval ent chroniun1:
which is classified as a regulated substance agai nst poll ution,

cont ami nati on ofw ey itiottie dia rand 1h edh dedy nbyt, hei hexsvsd eshteatytgd um
does substantially not occur because the treatnent -process is carried out
in a closebeeystare useshiiohvide fHedsdlamiogtludingoantempki tespllatusghold
recovered ?nd is not emtted to envi{ nnent and. because the el ution of the

hexaval enf EﬁFBﬁ?lﬁﬂplerad}ﬁeﬁ'eaélﬂrB% %’Fglr?ﬁ?esr%ﬁ]rﬁ)st B8 9hP R Tt The
sealing aghh0iofl OhEANLe coMPOsibe LLLMelRuer Lhg! ggncLOERILy 0! ODA

envi ronnental concern has enhanced the autononous actions to Ccrease the
use of heakyometalsdticlgldsngomexay bl 1 ¢ Rppliwa tol thaddirither, of acHy event
pol luti on of environnment when shredder dust as a wasted product is

di sposed, zheeTlonse ocoeted opteetr esets i handuinrthgrot Bebnyfidnaresin t he
products has_appeared. Responding.to those novenenis, there are proposed
oy horCBoF Lo RSB, CRBChGR O S5 ChePhg S O GOt 2 7
SEP 2005 ¢ | @ 0gvbRaRr RYERbmE her 9ONET &L 13N +9fi Nk L En T 15t Qb Aid; base
coat ed st%gvngkeetsy Tﬁose teéﬂno 5gies(?%éﬁﬂ elgevera? nef%ggg t hat
utilize organi crhase zéagpbuBdsc et dsgarilCsheatbs. hdweargt chaok nd heyatar e
the follow ng: (1) Method of using tannic acid, (for exanple, JP-A-

51- 71233)regDytamesodtiies ushey Laiserppselemngetodi s aeloratlen xtemeke of an
epoxy resin, an amnosresin, and tanni.c acid, (for exanple .

JP- A- 63- 958§ 1O s)rﬁ\?é{%fo’uo%f”hs‘%%gmcsdeq%t’ﬁ?g“fm%e ocfaqfsgﬁ%ibé’ S&2E " uch

as a met hog of , IS, 3KTX8dPLRPHEEAOfo ] HerdrS B8 RndNGonfhents

pol yphenol caf%oxyllc acird, (for-exanple, JP-A-8-325760); (4)

Sur f ace- tswes nentpawigiosr0f st Yoy G Agteslsi 16 odngima- o, hydmzi ne
derivative onto the surface of tin plate or galvanized steel sheet, (for
exanpl e, FREBRIXTEOEN ( (HEr iy hand pIB'cadiedeweRY otiRee @h B grind es
"Exam ned Japanese Patent Publicatjon"),. and - B- 56-10386) ;. (5), Met hod of
usi ng an Gt Qﬁﬁ%ﬁ°Q§nﬁ%ﬂWﬁ%é}éu?egﬁﬁQEFajgﬁdtgflFaﬁFeﬁgrgahﬁy addi ng
an_amine 4 g ity e Gy, agd SAHLosideand henzotriazales of i

(JP- A-58-130 %; (é?ﬁlwb% hod of using a trea]?tfrlent If’igent pr eoparceadlsb:ilngm Xi ng
tannic acid and a heterocyclic conmpound such as a benzothiazole conpound,
(JP-A-57-198267); and (7) Method of using a surface-treatnent conposition
containing an organic resin containing a hydroxyl group-laid nonomer as the
copol yneri zi ng conponent, phosphoric acid, and a phosphoric acid conpound
of metal, (JP-A-9-208859 and JP 2 7 SEP 2005 - 4 A-9-241856). According
to the prior arts (1) and (2), the chromate coating is given on a coated
steel sheet, and further a treatnent solution containing silicic acid as
the base which is solubilized to water using an alkali netal oxide, (water

o Y



conponent in the upper |ayer, a problemof poor water resistance to result
i n poor corrosion resistance arises. Furthernore, since the prior art (2)
uses only inorgani c conponent, the |lubrication property is pﬂf%’EEh@ﬁp

rai ses a problem of poor damage resistance at formng. The prf § re(3)
forms a chromate filmprepared by adding silica to a Zn-N alloy plating.
Sole addition of silicais difficult to suppress the discoloration during
heating, and raises a drawback of poor gagage resistance at formng. The
prior art (4) fornms a rudder type silicOne resin on a chem cal conversion
filmfornmed on a zinc-base coated steel sheet. The forned silicone resin
has a network structure (as understandable fromthe nane of "rudder type")
, SO0 the egepgdthekmo Begoads theappegebychaiud,inghf chming $ds neodbt @nssdf
poor danage resistance formn nd of poor adhesiveness of the film

t
during f Vrﬁ’?@y Hig? ;fr’ﬁ& ard ?g)g%%ﬁ%‘ffi‘%s‘-h@of’ﬁrtrﬁélﬁ’é"‘aFeFé§F§{1‘éﬁcaet and
the damg%héeééﬁég{e‘(gﬁ?e%«g ertr%c;i{%q ﬁ:rﬂeo'aig'é:o%é@atli%%siscgﬁggglég?ed to

(cont ai ni ng "hexav ronfu npr ove corrosion stance, thus
the mat er kahel ekt auhOAgRAId dilrafithe A8 £lovaAlng €o £heEb 2808e ofSorddieipri or
arts (1) through (7) that do not use chromate use organic conponent as the
mai n conpepeppneAtcordi ngly, when these materials are heated to high

tenperatures, the organic conponent is thermally deconposed to fail in
attai ni ng suf fiSFRAEIL COPTREFHAST LT ST abRethaPR PLPPHEPS t RRVAER R  al

surface b S i to;HsS s-3_heat j St i @by
describedbggéggédhokggig%gg ?ebrégigég %?ng- a%égggét gﬁeg?%g% skgeﬁﬁmhich
has excel keptrheattoeaestanceighihigh “reppeEaturgeseandLdagagpenesi stance,
further provides excellent corrosion resistance w thout using chrom um
SUMVARY CPulTHEC&N/ENT| O] t TPsAah-bbp @8t , ofndhé3 pr éBeht 7+ AVEABTon to
provi de a coated steel shgg;-that has excell ent heat resistance E hi gh

tenperatures arftf eXtel FETREYENRG T HY st ahkeene nsesthestiote RE £ omi um
in the tregt NEPL_PEPELSSand NFb_RASSHEES16MY{ ronmental safety, and that has
excel l ent corrosion resistance, and to provide a nethod for manufacturing
thereof. The i metiQigh ofhd hehpwsent codwany i10de d ddreh va ZEME - daseniwoat ed

steel sheet that has excellent resistance to thernmal discoloration,

r esi st ancehieh sifpkéd aepil§dedna arnl dedwndattiengsubgbrnesi age st Stancd ight.er

heated, and d by _formi 1 ite oxide fil
Cont ai hi FPRRBET LS Shrt e s A MR, A add L SIS t he

first | ay&ﬁromﬁﬂﬂté%éﬁ asﬁk?é&éhﬂéﬂii‘%%@%é@&?@eéédé’é ’tﬁgn{?%ﬂrﬁ'gn

specific straig icone resin as the maln conponent, on the sur?ace of
the zi nc-peseesodisedast el alteeh. a £216s80Ps2906m-ibwhik® phieendavialeent i on
was conpl eted based on the finding, and the features of the present

i nvent i orckr@nive ivlcowpirtelv]recened anedels sheltemnhieddito produced by:
formng a_conposite oxjde film th urfac f zi nc-base coated steel
sheet , aC TR ITIRT (b PEAEh EonBOS L ERoRt e (S EBHS] n P BRI ur al
component s f thd) coXbfierd 118 Pa5!d il s 3a¢.00wi REGRPRAL! Soarl fy aadien
phosphoric acid conpound, at a total coating welght of the conponent (a)
and the cofmporentid Immonivies tedind 0 R2€@e rthe 12 sisghge cehtf ka1t o 4000

mg/ n2; and formng a straight silicone resin film as the second |ayer, on
t he surf & igsnnepd oyt didderhangedithe CHHIIHRPAMES FRCEUNVEred to

SS2 of, fromO0.1.to 3 g/ 2] Th oat ed, st eel .sheet .according.to [1],
wherel n’ (TR bR B S R TP G LRk CHI ST g e L ST OB E el ament
sel ect ed ff QRiRE o9r 0UB ?98§éﬁ£'§819ﬁtf@h fenFirddmeM wHe® sherddbr Zn,
Al, La, and Ce; the total coating weight of the (a) oxide fine particles,
t he conpalat a6/ 3)waraeptreduica P201ispasst, tahe iconponesto (o deemreasked t o

metal, in the conposite oxide film is in a range of from5 to 4000 ng/ng.
[3] The déw apaqrtddly sHedreagieaatiadd tia [Bhe UG te ths aRRYATRS: t he
conponent (y) in the conposite oxide filmis and/or Al . [4], The coated
Stebl sheet” acESFRPREIPY 2Ry GRE%S! TOYEMERES" HSFE e RRASoRe TR R | n
the compogeaXid8 dnl { bk emsht i €C¥hndl Q4 L€ noltSls THE GodgASEesk aGeet
according to any one of (1]-[3], wherein the conponéent (a) in the
conposite oxide filmis silicon 2 7 SEP 2005 - 7 oxide, and the coating
wei ght of the silicon dioxide converted to Si02 is in a range of fromb5
to 95 wt% as the nass ratio to the total coating weight of the conposite
oxide film [6] The coated steel sheet according to anyone of [21-[51,
wherein the nmolar ratio of the conponent (0) converted to P205 to the
conponent (y) at least one elenent selected fromthe group consisting of
My, Ca, Sr, Li, M1, Fe, Co, Ni, Zn, A, La, and Ce, converted to netal,
(for the case of two or nore of netals, the sum of respective
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[8] The coated steel sheet according to any one of [1]-[7] , wherein the
Si 02 conponent in the straight silicone resin occupies 60%or nore of the
total filmmass. [9] The coated steel sheet according to any 8? éqp
[1]-[8], wherein the straight silicone resin filmcontains 2 'g SZ%§
mass or less of a crystalline lubricant to 100 parts by mass of the
straight silicone resin. [10] The coated steel sheet according to anyone of
[1]-[8], wherein the straight silicone _resin filmcontains 20 parts by
mass or | ess of an organic-base |ubri cant havi ng 70 C or higher softening
point to 100 parts by mass of the straight silicone resin. [11] A nethod
for manufacturing coated steel sheet !'2 7 SEP 2(5 -8 conprising the steps
of : treatiaigniatg teastevend she genfera tziomce Hhabe teaal £d ost gl c-dhmet cobyedn
aqueous solution containing (i) 0.001 to 3.0 nol/l of oxide fine garticles

and (ii) GHEL £5°616 - nofrPseftethRplries dadludmaeyicsodshbrrs Sbr
ovRrUT WSS 0hR: B2085, LARSIMLE SRTBRSLbS N IEn L) BARANS LET )

| ayer £ilmon face o trng-to dry t he
plated stgen sheetrhaf tren lhaaged by t he agqueous solutlon to a coating
weight in a range of from5 to 4000 ng/ n2, which conposite oxide film
contains (a) oxi(dé Menboparffi okésgandnfid) aphdspHdpirc exemgpleandPor—
phosphorlc aci d conpound as structuring conponents thereof; and applying
a coat i ng>dorfpesitizon conS|st|ng mainly of a straight silicone resin onto

the conposite o t f us £f gr

second | ayer fi ffrbr?eb[dyca co |ng vélég%ecrgnr?\% tlslg{ %%g‘t(}%g %fagrrg%ggu%g from
0.1 to 3 ol & eplok?] rés 1B} hadahdhorraYiACtdd RANGGRL £6i 8} qelorséeghple,
conprising the steps of: treating at | east one side of a zinc-base coated

st eel sheéf- Abﬁ3aﬁ0éq&éous sol ution according to [11] which further
contains (iii) 0, 0001 to 3, O nol/| of at | east one el enent seI ected from

the group consi 81 n%eBlFo‘ﬂ/gOfC‘%fl@ chelatgpg gForag oInt anZl‘lc agid, | guchng
Oe as the_s S I r e rgL te
ol do f1 1 50ad TR EEE bty PRl val ueassLonil 3f PoSoHPes,

sheet by aepbupghbﬁodrwakbexgmabedc1anquo&hégbm@ﬁberanaaeedzbysbme
agueous solution to a coating 2 7 SEP 2005 - 9 weight in a range of from5
t o .4000 ny/ n2, ﬁﬁ)cﬁucﬁﬁpgstreabmemb mé¢thedcofit abpdyiay @nid@uébue

ticl h d d/ h h d d t
Ponet ConesetBRiRn S B bifizatt e trar s Dk i e R TR %Pateﬁ.y) h
M, Fe, CQy MNivAlz Jgstéél§%¥éékﬁf§§e§55#§%ﬁ{§@9?09§p§ﬁ@945(Eﬂ%r

applylng a coati ng conposition consisting stral ght si |cone
resin ont sgbhR”Ccoapesrée 0siKeréihnyignif heat *mgah Ondd YTipereod ,pd teist
formng the second layer filmat a coating weight converted to Si02in a
range of Pebhiocatien”B., gnapJPBRIHEEDESER) PTION OF THE DRAWNG Fig. 1 shows
ratus_ for evaluat|ng t he damage

‘a schematic fro Vi e a_testing a

oo ot ance of L Bb et b B e Lo SRR e MR T O
Accor di ngapnLNEagoa! 821 &1 SELpSPER! g 2b88n8" €30k hOVEB! LOR1xrArCOBROSI e
OX|def|Im|sforne as the first er on he sur ace a zi nc-base

coat ed stgellshredsifdi drddbéfieoeniatéDy) C¢opvERASBODAD28kkali-silicate
treated filmrepresented by the treatnment conposition containing Li02 and
Si 02, the conpo )té’le’fd’x:idj@ff Mlsmngcéotéﬁﬁgmﬁatth@ep’rﬁe@éﬁ@ai??@ém ik ight ai ns

oSS B LR EOEed LR B h RIS

cont ains éé(r)& @,gn(hea§ngg_e5¢lpg@@@7)seI§19&ed fromthe gr oup consi sting of
My, Ca, At Co, , La, and Ce. 27 SEP 2005 - 10 As

for the (a) oxuj]a fMeﬁﬂldﬁirdﬂ aimg/\/ru @hﬂ&méﬁuﬁm Sdnfipped A1 drg
conponents of the above-described conposite oxide film silicon dioxide is
preferr edcomtp@inmlaﬁ strgamic df 93 1lecon el g @ofllY@t@éﬂ’l sgroer-bath as:

Snowt ex 0, OS, OXS, P, 040, O, and &ZL, (acid soI utians), 10WM eX
XS, S, NBRONGRST 3§ &%OILY%%%%@E?O%L rdﬁzﬂﬁlﬁif an

| ut N L §lo
:Sgl ?3!58,”% §h-4 , anﬁ'ds%la(\lg al 1 ne sofﬁré?%ér:gus ‘ﬁ-’ 9 é %?Sd@éﬁ[%g.{l dic

sol ution), produced by Catalysts & Chem cals Co., Ltd and Adelite AT-20
t hrough 50, AT-20N, AT-300, and AT-3005, (alkaline solutions), and
Adelite AT20Q (acidic solution), produced by Asahi Denka Kogyo K K. As of
these silicon dioxides, the ones having 14 nmor finer particle size are
preferred, and further fine ones having 8 nm or snaller particle size are
nore preferred fromthe point of corrosion resistance. Alternatively, a
filmconposition solution containing dispersed dry-silica fine particles
is applicable. Preferred dry-silica includes AERCSIL 200, 300, 3000F; and
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solution of fine particles of alum num oxide, zirconiumoxide, titanium
oxi de, cerium oxide, and antinony oxide nay be used. As for the (8)
phosphoric acid and/or phosphoric acid conpound, which is a st} pcSHPr 2005
conmponent of the conposite oxide film orthophosphoric acid, diphosphoric
acid, pol yphosphoric acid, netaphosphoric acid, or the like, and netallic
salt or 2 7 SEP 2005 - 11 conpound thereof may be added to the film
conposition as the film conponent. As @f these conponents, primary
phosphate is preferable fromthe point "of stability of the film
conposition solution. Wien amoni um primary phosphate, amoni um secondary
phosphate, or ammoniumtertiary phosphate was added to the film
conposi ti &m9s8ld8beh; the corrosion resistance increased. Al though the

reason of increase in,the corrosion resistance is. not fully analyzed, use
of these kinds ?cﬁﬁabﬂguﬁ?séﬁ? Bﬁégrnﬁftsiﬁﬁhcﬁnﬁeﬂgingt%? ?%EO@%F%tion
even when : val f L htign j [4S 5l

Si nce net gHa?éH?anféﬂ%gegln%%;?F%h%g?oﬁgé?%s%l&%%’ﬁ?%%%%%g %%%r%?ﬁé,argtV\hen a
filmis teloedohrantaicoimpsiliencsodid benthebaBe whigdh pE 3@l weilbzed

conpound nore difficult in dissolving is presunably formed during the
dryi ng st &p. vabespEding @n phkeddipatas qpide, tates gilase) of iexdprlind  of
phosphoric¢c.acid and/ or .phosphoric acid conmpound in the film _.and the
bhosphor | GP&ARBPBr CBHECHROFTS HEPEr COREBE A o Be i B GTYBid tRE HRPSR
non- cryst al, gtat €5 FUr ther oore, the d 43S ant ?E?riélf@ngh% he 50 uhidddy of
phosphoric acid and/or phosphoric acid conmpound In the tilmare not
speci fi catbypbhehteich theeuppéstiayest at probléy of MeorGaatsr ,rddistdncde,
Co, Ni, Zn, A, La, and Ce, which are the conponents added to the film at
need, in tRerePRhti sNnRPOSpeeFFPeaPRyrefbtadce TAbs e} erfit B eastmabl y
exist as netals, or_as conPgugg§ or co ounds_such_as_oxi de,

n

it
hydroxide?lﬂﬁarﬁ?ﬁdPB&?ﬁe? pﬁﬁgﬁhgggifﬁgﬂﬁggﬂ c ?ﬂ@p?BﬁPE’pF%ﬁerty and
the sol ubnﬁbucghoﬁ%@@g&%@owdﬁoobydﬁﬁﬁﬁeﬁai@a ratsdopxédess 959r

phosphoric 2 7 SEP 2 acid conmpounds are also not specifically
limted. Aamage s icaapareat £ofmi(ng. Nhegbthidt aafte (33U EIMG aidhr o de0Si on
resi stance to other Q{) conponents. Although the reason is not fully

anal yzed, ThirpserrRres inHddinge fdrldicad tiona ABolNi apl pey dokat inGhi delis a

corrosive_environnment,. thus . pres bly_ formng a network. .for .

CONMposi te“f“?%?’#r(ﬁ% ?%gseltlhlé?avﬁ¥h§l%€%%$%%ﬁ°c 5 qrecsosrrpt (ﬁi,lsscquTO&itlé)ﬁ’d t he

like to formaqdensand,| LRy Meibed 4 Airdildadue go{c%xﬁ%@%&%ﬂa&oceto the

filmis not specifically limted. Phosphate, nitrate, sulfate, chloride,

or the li&e HérbpngCa,. Sr, Li, M, Fe, Co, Ni, Zn, A, La, and Ce nmay be

added to the filmconposition solution. A typical range of the coating

wei ght of conpddia @HAM@T Y i (4h ifPrMehen qusslema)type ¢ icrepaasial ef

above-descri,bed. onent_.(/3)-.converted to P205, and above-described
BSOS 40000112, b e rerEnIN T GRR0 & 6 “T000

conponenta ?@IneX|st, rom
g/ N2, &P e@lalblymbuomitq@one QR iMhEE 2Rd Rk Rrehl@tRRley (lom
200 to 400 ng/nR2. If the coating weight thereof is smaller than- 5 nyg/n,

t he cor r asnder s tesidtlalec € rbacttne namet o § Ufrfuddeantypéf) | o theatuned Wgilght
exceeds 4000 ng/ n2, the coating appearance and the _appearance after heated
degr ade, ReRPUTRE HESSLVE loRattyi Thigh Bréseadeoblfmne P id&pcddeerare

wel dabi | iy, and ofther £haract %hh%f%% L T8§8bt9£e£‘e8§r§f %#leaf%fm Q'u?*ing
corrosi on Tesistance, it 1S preferre thar ctné conponent (@) 1n the
conposi t eedpriidey fi Irhe peisk! Asen (sl ad €es Ak thith the el Raswaitahkeof the
silicon dioxide converted to Si02 is in arange of from5 to 95 ww%as 2 7
SEP 2005 andlXhe hiammgss meatiisdanecet.he Howaleegathagpwebgharof (bheusemsposite
oxide filmdefined before, preferably from10 to 60 w% The reason to
attai n paitioRatad | FMtGH ndad dsixavaans dhnrslUiHerta HEREHMS igiSei ght  of
the silicon diaxide is_.within_the ove-given. range . is nat fu | yzed.
Presunabf%n”¥gﬁ§ﬁhrSFlggﬁgfﬁrnahPﬁegﬁ?dﬁag%ﬁ}%%fﬁ%q¥ﬁéfspgﬁcgohg¥F%§?
phosphor iz t@Gii¢ icomponent -enhances the-barrier function which 1is not
attained solely by silicon dioxide, thus allowing formng a dense film
and that the synergy effect of phosphoric acid and silicon dioxide for
suppressing the corrosi on appears, thus providing the excellent corrosion
resi stance. Fromsimlar point of view, higher corrosion resistance is
attai ned when the ratio of the phosphoric acid and/or phosphoric acid
conpound which is the conponent(B) of the conposite oxide to the netallic
conposition which is the .conponent (y) thereof is in a nolar ratio range,
(P2C6/ Me) as the ratio of the conponent (8) converted to P205 to the
conponent (y) converted to netal, (for the case of two or nore of netals,
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2 7 SEP 2903 - 14 insoluble within the above-given range of the ratio of
phosphoric acid to netallic conponent, which results in stronger barrier
property of the film As for the first layer film the film corppppi @ may
further contain an additive of controlling the corrosion resistance.
Exanpl es of that type of additive are pol yphosphate and phosphate (such as
zi nc phosphate, ammoni um di hydrogen phosphate, and zi nc phosphite),

nol ybdat e, phosphonol ybdate (such as;a%uninun1phosphono|ybdate) , organic
phosphoric acid and salt thereof (such-as phytic acid, phytate, phosphonic
acid, phosphonate, and their netallic salt and alkali metal salt) , and
organi c inhibitor (such as hydrazine derivative, thiol conpound,

di t hi ocar bamat eTheAprfiort bettsadd) t thesugholp) i njaagdnt nésucke calsremébae
coupling agent and titanium coupling agent) nmay be applied. However,

addi ti on &FSPHIARECT EATRPRART tAife thEKBAIR GRAPONARNE or AFFETHéBdRYe YRAR ki nd
of additi i_ndu e 1 $Si d.degradation_.in _appearance when the
mat eri al *%eﬁ%apéngggﬁggﬁ%g;%%6%%&tggeg}g$h§e€8§fg&ugfgél%gﬁegfgggégrding
to the presgpbnenteid kaBrmBasyaidddipdudred Ay BPRIN G A iy §84 FEPLent
solution as the second | ayer containing specified straight silicone resin
as t he naicerrosiponestistdnce hendbbyvetltes chicdhesatérial suayerce h bhtloswesl, by
baki ng thereof. The term"silicone" is a generic nane of base nmaterials
havi ng si tbX&néails o 8se) afopt PEATTKREFdSHANAnBatgERéLal |y resin, oil,
rubber, and the,|ike ar. the il e._Regarding t tral
silicone resin %%cogers i nlgbefucgggﬁg% J’;O §I§§°§O%gg-pﬁ%wg%erseszéﬁtc P%&%né(?%%gé t he
base mat esitakiokntBat whypa 8hsregtBihast feskekebartahcsi hexangn
(-Si-OSi-), has silicon atons binding wth hydroxyl group (- , al koxyl
group (- ORemPedesigrat asd alrmagranies igiteuns)e, dndtbegaprovidespsxeandldras bot h
of organic property and i norganic_ property, while receiving no nodification
with ot heFOSF§anPR FESLATaRGFt HaFRBIE, UBABISERAPEAE™s | i cone resin has no
bridge structure so that the resin is elastic in the filmshape and has
excel | ent damage resistance. The organic group binding with the silicon

at ons ey steMARYhgk @ERUDNVEGBON, ethyl group (-C2H5) , phenyl group
(-C6H5) , vinyl group (-CH=CH2) butyl group (-C3H,), or the like. The

appl i cabl e stralghts agidbjemtecf édienprayenbritraien i b piwsislopgdtedr oups
or may contain two or nore t ereoLHeV%en a nodified silicogggﬁesin, not

h
t he strai@ﬁ?e§i?F%ﬁﬁetpﬁgih?si§xﬁ§ _th%eﬂBdF??éatBFﬁﬁn?E n conponent
thernal | Ytgﬁ%%@%?%ﬁd&ﬁd g Jh4 etaﬁhnﬂggéhe@sigtaﬁggucﬁaqf ﬁ%@%oﬁﬁ:'er \ and

snoke em Ssi so the use of nodifre rconé resfn’i's not pr | e.
Anong or gantEmOERUPS, thet fiyda ghontp pd e Hastisaral d e5urwdrhatv i @nntardans i s
nore preferable fromthe point of prevention of snoke em ssion caused by
t he deconpatétyonand thghnhas conpobbent codeeshent ragistheceontedttof S 02
conmponent_in the straj Q% filicone resin, is ﬁreferably 60% or nore to the
total filRFaaLde %H@ebﬁ% et b1 BN L GRIT ENG nERPFRRE: because conponent s
other than S 0Z4d fifen il dic@ns! bECODR! £8Y InBLEn WAL AU e
organic group so that the Increase in the content of organic group

degr ades ¢&bgted ®kee ENSISSe ONCIE€VIEAE | &ec Pl DPEE t Yes 2saty d5thedBal The
reason to add an organi c-base lubricant to the above-described silicone
resin fildiscoldmatior, orgahsanescto | smrke sgnisaton dRGRT i eRtNGurt her

ef fectivel revent the flaw and the gallin n,the resin, filmand the
Coati ng. SHRTHCE Ch A S 1T TE S0 Hotiedr cadrOTTRae ToF TSI The

' eason  oro. the_oraamh s Pas et HL i £21 e 10 ©LLqdi ghes softening
point is that below 70 C of softening point 1s not preferable because of
easy decoposidled) apld phgspher LOMudrRMascocongbadas dhehpr evest ilayeaf, snoke
em ssion. Exanples of applicable organic-base |ubricant having 7000 or

hi gher so’—frtcbrﬁngap@?ﬁinaEJélm N SCROSTAEFRNAAKaY 0, 9eo i nied téesibeg igdiont ) |

pol yet hyl ene , ((90- 140, C of softening_ point) , polypropyl en 140-170 C of
Dot Y eni ng DRAHT Sl Gt ART Gt IR B SSTEGR T Can i SHERGE. The

above- desggihed J; _i%aggscggaé/ e {ﬁﬁ rately or may be used two or
nore thereof. Théelqg{:i val ue o?&%%&% " WAX, pol yet hyl ene, and

pol ypropyl ene may be zero or nore than zero, and their conbined use may be
applied. Since the silicone resin is a solvent system the adding state of
the lubricant is preferably in powder formor in a state of dispersed in a
sol vent in advance. The particle size of the lubricant is preferably 20
gmor smaller in view of damage resistance. Qther than the above-descri bed
organi c-base lubricants, the crystalline |ubricant of inorganic-base one
including graphite, boron nitride, and nol ybdenum di sul fide nmay be
applied. Wen the snoke em ssion prevention is enphasi zed, those kinds of

o . Y



silicone resin. If the added quantity of the organic-base |ubricant
exceeds 20 parts by nmass, the quantity of organic conponent increases to
~degrade the snoke em ssion resistance under heating, which is ,;}o% P o0
preferable. Fromthe point of snoke emnmi ssion prevention, a prg e Fe(} édded
gquantity is 10 parts by mass or |less. For the case of inorganic-base

| ubricant, adding quantity of nore than 20 parts by mass is not preferable
because  the damage resi stance degrades. A preferred range of coating

wei ght of the straight silicone resi n7 € fromo0.1 to 3 g/ n2 converted to

Si 02. When the coating weight is below 0.1 g/nR2, the damage resistance
during roll- formng and press-form ng degrades. Wen the coating wei ght
exceeds 3 g/ n2, Theepsav&pt eimssitipmpmwense sbmpi eitrdhieasedigprantet iending,
adhesi veness during bendi ng work degrade, which is not preferable. The
filmis férfedhsy feagiupesyof dbst Prgsedtsiisviond ioa ding e divdvevdéseri bed
straight silico resin onto the . surface of .the zing¢-ba coated.st eel
sheet, foll ovvedqggl héa ?angec?os%reyl tshge cgg FHg%s B(rac%qceesdsgfy't 8 Coared
steel sheebmpeRdiwai 6RiaboFerm dasehiebedrkblbm 68 { YfinRd HaRel vdategalvasi zed
steel sheets prepared by electroplating, hot-dip coating, and vapor :
deposi ti osheedt,i rg; tkenfinst odaywoat edhistte elongloadtte oaitial Aihy Comt&SERs 2005
- 18 zinc and one _or nore elenments of nickel, iron, alum num co%alt,

nol ybdenufETERFUERE CORRONERFSc OISt t eC¥bdEeliBecrprEhekes 2RAVIRY a
coating filmcontaining.siliga m.na, .and the like. A zinc-nickel alloy
coat ed st@elosgﬁgté Caf 951 ?lhﬁZE%S%laFBﬁ’loﬁﬁ% a IELF‘of/:Of:" §P88’s ge% gﬁ%@? whi ch
have hi ghceeltinggwBaght 6fF the ceRabadniel@l ) assdMeRe pémberakte(Bnom the
poi nt of heat resistance. Alternatively, hot-dip al um num coated steel
sheet, notonkerteidnte® e iovat kaggeantl foodmd-5 thbl €008 trepim’sherd Sowning
hot-rolled steel sheet, having no plating film are also applicable. The
steel as BHETAMHEY af&l6PNEAESATNEL HAs@Sclhr aConediaysdheet HE sigEface
speci fi CaL{EYthE%&@SOs?‘?g &Q?détﬁﬂmcoéjcsaoéoi@fﬁ Sue [GHYL ”&A’@éf&éﬁ‘@& nds
of conposritions and surface roughnesS, or  prepared %y various rolTing

met hods cghoberagrbhed.. 1IFebnat kg of the conposite oxide filmand the resin
film on the surface of the zinc-base coated steel sheet are conducted as
foll ows. The abb¥k- ddstosdddcenpesi skeokialecdidingdipddilt i ehereat Prent

solution is applied onto the surface of the zinc-base coated steel sheet
usi ng kno@A™REEH5S %}El%q&ue Iy EurtlsZ: FRgLadast Avn faltoi/efi‘ﬁ’ét?ﬁﬁ,ela‘?%e%Br ay

coat i ng. | | uf | i i ed. k t hod i hot - air
furnace, SrhacorRoncafno Fain 2o b LELRY Br 0y ot BT L dh e 2
oxi de filob, Mhe, coat iang cansisdidey mhlenkytell abovendarcidibedt sheai ght
silicone resin is applied onto the surface of thus prepared conposite oxide
film usi ngxadénbiwme e tiodces f giha gomposdetter(f heconvoetted veiRyRt, oindi | m
The zi nc-base coated st?el sheet on, which the coating is applied is, then
heat ed t oCBAKEOTPARFRLf (Pd £FIBHRFFTSE r® Ny of M EFREITFBRF T in a
hot-air 2-7,SEP. 20 = u r i tiop-heating furnace to
vaporize ]E%leé'so}\g/e%? 4 £r&grtl%ée %%fo%lg,sﬁﬁ%sgggﬁf%(?&nt'he resin film The
reason to specify] t fhecenaentr atéon sHedhaddaalifntco $21 Ytwidrédn the
above-given range is the following. If the content of phosphoric acid

and/ or pheosphbr¢f Blee deempposint [ ¥ )bdirowh® mpamitd axdifeerfiddn tis PIOS,

t he want ed &?ati ng wei ght cannot be attained, which is not preferable. If
the cont %4 ¥erof exceeds 6.0 nol/|, the stability of the treatment
solution degr S, i i l; t; _of>;0xi de
fine particl esaqj@ bg?%wg%%%%g%%}l , ?eﬁgg&gﬁ?g(ﬁﬁgo{ﬁ ?Ir'% %ﬁg%ﬁq ]cg¢13n]dt' be
at t ai ned, wwért€in ithenebmporéLt ald ¢. it frhicheompBb et ot iwes €aflimexeedds cdbrD

mol /I, the stability of the treatnent solution degrades, which is al so not
pref er abl@dloxFote a conpound which contains at |east one of the netallic

ions of My, Ca, Sr, _Li, M, . Fe, . N, Zn, A, La, and Ce, _if t t ot al
of the above- gﬁﬁenTH@t%‘?%t%ﬁPé?fo&Fetei} AEFQrILBIFA B ®nG0et ﬁ&llﬂr}% lime

or of or abl a9 156t SPaPOTpek Xy R e CaRpb PR AL PRSI B eP (e

treatment solution degrades, which is also not preferable. The
above-descri bed baking tenperature of the resin film should be in a range
of from80 Cto 300 C. If the baking tenperature is below 80 C, the
hardeni ng of resin filmbecomes insufficient, which degrades the damage
resistance during working, thus the tenperature range is not preferable.
|f the baking tenperature exceeds 300 C, the hardening of resin film
excessively proceeds to i nduce deconposition and vaporization 2 1 SEP 2DC6
- 20 of organic group in the straight silicone resin, which results in

-, e Y 7 AR A1 I~ —— r " 4 o
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oxide, and the coating weight of the silicon dioxide converted
to Si0, is in a range of from 5 to 95 wt% as the mass ratio to
the total coating weight of the composite oxide film.

[6] The coated steel sheet according to any one of [2]-[5],
wherein the molar ratio of the component (fB) converted to P,O
to the component (v ) at least one element selected from the group
consisting of Mg, Ca, Sr, Li, Mn, Fe, Co, Ni, Zn, Al, La, and
Ce, converted to metal, (for the case of two or more of metals,
the sum of respective metal-converted values), (P,0,/Me), being
contained in the composite oxide film, is in a range of from 1/2
to 2/1.

[7] The coated steel sheet according to any one of [1]~[6],
wherein the organic group in the straight silicone resin film
is methyl group as an organic group.

[8] The coated steel sheet according to any one of [1]-[7],
wherein the Si0, component in the straight silicone resin occupies
60% or more of the total film mass.

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

[10] Thecoatedsteelsheetaccording1x>anyoﬁeof[l]—[8],
wherein the straight silicone resin film contains 20 paits by
mass or less of an organic—basé 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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comprising the steps of:

treating at least one side of a zinc—base coated steel sheet
by an aqueous solution containing (i) 0.001 to 3.0 mol/1l of oxide
fine particles and (ii) 0.001 to 6.0 mol/l of phosphoric acid
and/or phosphoric acid compound, converted to P,O;;

forming a composite oxide film as the first layer film on
the surface of the plated steel sheet by heating to dry the plated
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 (a) oxide fine particles and (B) phosphoric acid

and/or phosphoric acid compound, as structuring components

. thereof; and

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 tll] 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

m.A i
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weight in a range of from 5 to 4000 mg/m®, which composite oxide
film contains (@) oxide fine particles, (B) phosphoric acid
and/or phosphoric acid compound, and (y) at least one element
selected from the group consisting of Mg, Ca, Sr, Li, Mn, Fe,
Co, Ni, Zn, Al, La, and Ce, as stfucturing components thereof;
and applying a coating composition consisting mainly of a
straight silicone resin onto the compésite oxide film, and
heating to dry thereof, thus forming the second layer film at

a coating weight converted to Si0O, in a range of from 0.1 to 3

2

g/m°.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 shows a schematic front view of a testing apparatus

for evaluating the damage resistance of test material.

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 coqted 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 (@) oxide
fine particles and (f) phosphoric acid and/or phosphoric acid
compound as the structuring components, and, if necessary,
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.
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As for the (o) oxide fine particles which are one of the
structuring components of the above-described composite oxide
film, silicon dioxide is preferred. Applicable silicon dioxide
includes colloidal silica such as: Snowtex 0, 0S, OXs, OUP, AK,
040, OL, and 0ZL, (acidic solutions), Snowtex XS, S, NXS, NS,
N, OAS-25, LSS-35, LSS-45, and LSS-75, (alkaline solutions),
produced by Nissan Chemical Industries, Ltd.; Cataloid S, $1-350,
SI-40, and SA, (alkaline solutions), and Cataloid SN (acidic
solution), produced by Catalysts & Chemicals Co., Ltd.; and
Adelite AT-20 through 50, AT-20N, AT-300, and AT-3008, (alkaline
solutions), and Adelite AT20Q (acidic solution), produced by
Asahi Denka Kogyo K.K. »

As of these silicon dioxides‘, the ones having 14 nm or finer
particle size are preferred, and further fine ones having 8 nm
or smaller particle size are more preferred from the point of
'corrdsion resistance. Alternatively, a film‘composition
solution containing dispersed dry-silica fine particles is
applicable. Preferred dry-silica includes AEROSIL 200, 300,
300CF, and 380 produced by Nippon Aerosil Co., Ltd., and the onés
having 12 nm or smaller particle size are preferable, and the

ones having 7 nm or smaller particle size are more preferable.
Other than the above—-given oxide fine particles, colloidal

solution of fine particles of aluminum oxide, zirconium oxide,

utitahium oxide, cerium oxide, aﬁd antimony oxide may be used.
As_for the (B) phosphoric acid and/or phosphoric acid

compound, which is a structural component of the composite oxide

film, orthophosphoric acid, diphosphoric acid, polyphosphoric

acid, metaphosphoric acid, or the like, and metallic salt or
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compound thereof may be added to the film composition as the film
component. As of these components, primary phosphate 1is
preferable from the point of stability of the film composition
solution. When ammonium primary phosphate, ammonium secondary

| phosphate, or ammonium tertiary phosphate was added to the film
composition solution, the corrosion resistance increased.
Although the reason of increase in the corrosion resistance is
not fully analyzed, use of these kinds of ammonium salt does not
induce gelling of the solution even when the pH value of the film
composition solution is increased. Since metallic salts
generally become insoluble in alkaline domain, when a film is
formed from a composition solution having high pH value, a
compound more difficult indissolving is presumably formed during
the drying step.

No specific limitation is given to the state of existence
of phosphoric acid and/or phosphoric acid compdund in the film,
and the phosphoric and/or phosphoric acid compound may be in
crystal state or non-crystal state. Furthermore, the ionic

- property and the solubility of phosphoric acid and/or phosphoric
acid compound in the film are not specifically limited.

_ The existing state of (vy) Mg, Ca, Sr, Li, Mn, Fe, Co, Ni,
Zn, Al, La, and Ce, which are the components added to the film
at need, in the film is not specifically limited. Those elements
presumably exist as metals, or as dompounds 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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acid compounds are also not specifically limited.

Among the components of (vy), Mn and Al are superior in
corrosion resistance to other (y) components. Although the
reason is not fully analyzed, hydroxide is easily generated in
neutral pH domain which is a corrosive environment, thus
presumably forming a network for composite-forming together with
phosphoric acid compound, silica, and the like to form a dense
film.

Method for.introducing the component (y) to the film is
not specifically limited. Phosphate, nitrate, sulfate,
chloride; or the like of Mg, Ca, Sr, Li, Mn, Fe, Co, Ni, Zn, Al,
La, and Ce may be added to the film composiﬁion solution.

A typical range of the coating weight of composite oxide
film is, when the (&) oxide fine particles, above-described
component (f) converted to P,0;, and abo&e—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:frbm
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, iﬁ is
preferred that the component (&) in the composite oxide film

is silicon dioxide and that the coating weight of the silicon

dioxide converted to SiO, is in a range‘of from 5 to 95 wt% as
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the mass ratio to the total coating weight of the composite oxide
film defined before, preferably from 10 to 60 wt%.

The reason to attain particularly high corrosion
resistance when the coating weight of the silicon dioxide is
within the above-given range is not fully analyzed. Presumable
reason of attaining the high corrosion resistance is that
phosphoric acid component enhances the barrier function which
is not attained solely by silicon dioxide, thus allowing forming
a dense film, and that the synergy effect of phosphoric acid and
silicon dioxide for suppressing the corrosion appears, thus
providing the excellent corrosion resistance.

From similar point of view, higher corrosion resistance
is attained when the ratio of the phosphoric acid and/or
phosphoric acid compound which is the component(B) 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 (B) 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 component to
the metallic component is within the above—given range is not
fully analyzed. Presumablé 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 sclubility of the film becomes particularly
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insoluble within the above~-given range of the ratio of phosphoric
acid to metallic component, which results in stronger barrier
property of the £ilm.

As for the first layer film, the film composition may
further contain an additive of controlling the corrosion
resistance. Examples of that type of additive are polyphosphate
and phosphate (such as zinc phosphate, ammonium dihydrogen
phosphate, and zinc phosphite), molybdate, phosphomolybdate
(such as.aluminum phoSphomolybdate) , organic phosphoric acid and
salt thereof (such as phytic acid, phytate, phosphonic acid,
phosphonate, and their metallic salt and alkali1netal salt), and
organic inhibitor (such as hydrazine derivative, thiol compoﬁnd,
dithiocarbamate). As further additives, coupling agent (such
as silane coupling agent and titanium coupling agent) may be
applied. However, addition of o:ganic resin and the like is not
prefefable'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 pﬁesent invention

" has a film formed by applying a tréatment 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

'generaily reSin,_oil, rubber, and the like are used as the
silicone.

Regarding the straight silicone resin acéording to the
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present invention, the base material of that type of resin has
a skeleton of siloxane (—Si—O—Si—), has silicon atoms binding
with'hydroxyl group (-OH), alkoxyl group (—-OR: R designates an
organic group), and organic group, and has both of organic
propertyandinorganicproperty,whilereceivingruamodification
with other organic resin. Furthermore, the straight silicone
resin has no bridge structure so that the resin is elastic in
the film shape and has excellent damage resistance. The organic
group bindihg with the silicon atoms may be methyl group (-CH,),
ethyl group (-C,Hs), phenyl group (-CgH;), vinyl group (-CH=CH,),
butyl group (-C;H;), or the like. The applicable straight
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 Si0, component in the straight silicone resin
is preferably 60% or more to the total film mass. Thezpreferable
range is specified because components other than Si0O, 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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The reason to add an organic-base lubricant to the
above-described silicone resin film is that the organic-base
lubficant.has a function to further effectively prevent the flaw
and the galling on the resin film and the coating surface caused
by roll-forming, press—-forming, and the like. The reason to
adopt the organic-base lubricant having 70 C or higher softening
point is that below 70 C of softening point is not preferable
because of easy decomposition of organic component to degrade
the prevention of smoke emission. Examples of applicable
organic-base lubricant having 70 °C or higher softening point are
MICROSTALIN WAX (70-90 C of softening point), polyethylene
(90-140 °C of softening point), polypropylene (140-170 C of
softening point), and tetrafluoroethylene (BZOCC of softening
point). The above—described.lﬁbricantsanrbe added separately
or 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 e 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 preferabiy
20 um or smaller ih view of damage resistance.

Other than the above-described organic-base lubricants,
the crystalline lubricant of inorganic-base one including
graphite, boron nitride, and molybdenum disulfide 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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lubricants so that the use of inorganic-base lubricant may be
adequately selected depending on the use objectives.

A preferable adding quantity of the organic-base lubricant
is 20 parts by mass or less to 100 parts by mass of the straight
silicone fesin. If the added quantity of the organic-base
lubricant exceeds 20 parts by mass, the quantity of organic
component increases to degrade the smoke emission resistance
under heating, which is not preferable. From the point of smoke
emission preventioﬁ, a preferred added quantity is 10 parts by
mass or less. For the case of inorganic-base lubricant, adding
quantity of more than 20 parts by mass is not preferable because
the damage resistance degrades.

A preferred range of coatingweight 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
thé 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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zinc and one or more elements of nickel, iron, aluminum, cobalt,
molybdenum, and the like; and composite coated steel sheets
having a coating film containing silica, alumina, and the like.
A zinc-nickel alloy coated steel sheet and a zinc-55% aluminum
alloy coated steel sheet which have high melting point of.the
coatedmetal are more preferable from the point of heat resistance.
Alternatively, hot-dip aluminum coated steel sheet, not the
zinc-base coating, and cold-rolled steel sheet and hot-rolled
steel sheet, havihg no plating film, are also applicable.

The steel as the substrate of the zinc-base coated_steel
sheet is not specifically limited, and the steel coils or sheets
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 known method 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 fofm 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



NN NHHNNN NNN N HH HNN NH NHNNHH V' NC OOONOOOOOO 00000000000 N L E M N

IV I

10 01 01 NNt"1I mNNO1I ON WNOIN OM "' 1t" TMNNNMVNML" 1 NWNI

ONVNNHO7 mINNNNONOLO dU i O # HHHHHHHHHN O W E yHHHHHHHHHH L H

e 0z

V'Y
FOmEMWM M U#INti TCp MOOONOOOOOOOOO C%&tf%&gég
m

C UzM.p v m y 0O00000000000000C0O GO MH (
d' CCd' TCCCT40l OCCNNCT CC d .40(00 j W

;.19_

furnace or an induction-heating furnace to vaporize the solvent
in the coating, thus to form the resin film.
The reason to specify the condentration of the treatment

solution to above-given range is the following. If the content

" of phosphoric acid and/or phosphoric acid compound is below 0.001

mol/l converted to P,0;, the wanted coating weight cannot be
attained, which is not preferable. If the content thereof
exceeds 6.0 mol/1l, the stability of the treatment solution
degrades, which is also not preferable. If the content of oxide
fine particles is below 0.001 mol/l, the wanted coating weight
cannot be attained, which is not preferable. If the content
thereof exceeds 3.0 mol/l, the stability of the treatment
solution degrades, which is also not preferable. For a compound
which qontains 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
aboVe—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.BO‘tL the hardenihg 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

N
M
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of organic group in the straight silicone resin, which results

in poor damage resistance, which is not preferable.

'EXAMPLE

The first layer film—forming treatment solutions (film
compositions) shown in Table 1 and Table 2 were prepared. The
second layer film-forming treatment solutions (coating

compositions) shown in Tables 3 through 5 were prepared.
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WWWOo ()éggcrf%ed below were subjected to alkali degreasing and water

rinsing. Respective first film-forming treatment solutions

shown in Tables 1 and 2 were applied onto the surface of respective
plated steel sheets using roll coater (while adjusting the

coating weight by the wet-coating weight), which were then heated
to dry to form the respective first layer films. After that,
respective coating compositions consisting mainly of straight
silicone resin, given in Tables 3 to 5, were applied onto the
respective first layer films by roll coating method (while

adjusting the coating weight by the wet-coating weight), which
were then baked in an induction-heating furnace td the ultimate
plate'témperatures of from 60 °C to 400 °C, thus the test materials

were prepared.

{1) Electrogalvanizedsteelsheet(sheetthicknessof(LS
mm, coating weight of 20 mg/m?)
(2) Zinc-nickelalloy coated steel sheet (sheet thickness

of 0.8 mm, coating weight of 20 mg/m?%)

(3) Hot—-dip galvanized 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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and the coating weight of resin film of the second layer are given
on Tables 3 to 5.

For each of thus prepared test materials, resistance to
thermal discoloration, resistance to smoke emission, corrosionr
resistance before and after heating, and damage resistance were
evaluated. The results are shown in Tables 6 to 8.

The method for evaluating the performance is described

below.
[Performance evaluation]

(1) Resistance to thermal discoloration

After reaching the ultimate temperature of 6007%:, every
test material was subjected to soaking 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

O: 2 < AE £ 5
A: 5 < AE = 10
X: 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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No smoke was emitted.
Slight smoke was observed.

Smoke emission was found.

Xk oo

Significant smoke emission was observed.

(3) Corrosion resistance before heating
Plurality of test specimens (70 mm x 150 mm) was cut from

each test material. Each of the test specimens was subjected

to salt spray test specified by JIS Z2371. The area of generated

white rust after 500 hours was visually determined. The

criterion of the evaluation is the following.

©: No white iust was.generated.

O+: Area of generated white rust was 5% or less.

C):vArea 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 heaﬁing
Plurality of test specimens (70 mm x 150 mm) were cut from
each test material which was preliminarily treated by heating
to 600‘tiof'ultimatevsheet témperature, followed by soaking for
one hour. Each of the test specimens was Subjectéd.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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©: No red rustrwas generated.

O: Area of generated red rust was 5% or less.

A: Area of generated red rust was more than 5% and not more than
30%.

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

The applied testing apparatus is given in Fig. 1 showing
schematic front yiew thereof. As illustrated in Fig. 1, the
testing apparatus has: a female die 1 which has a flat face and
which is fixed to a side 2a of a box frame 2; a male die 4 which
faces the female die 1 and which has a substantially horizontal
projection 3 positioned at a specified height; and a hydraulic
cylinder 5 which supports the male die 4 and drives the male die
4 horizontally toward the female die 1, and which is fixed to
other side 2b of the frame 2. The male die 4 is fixed to a rod
5a of the hydraulic cylinder 5 via a load cell 6. The width of
the projection 3 of the male die 4 is 10 mm, and the length of
the tip thereof is 1 mm. |

A testmaterial was vertically inserted into the gap between
the female die 1 and the male die 4. Using the female die 1 and
the male die 4, the test matérial 7 was compressed by the hydraulic
cyli.nder 5 under 50 kgf (500 kgf/cmz) of pressure. Then, the test
material was pulled—out upward at a speed of 500 mm/min to the
“arrow" direction. Visual observation was given to the portion
slid during the pulling out action to evaluate the damages on

"the film and the plating at the portion. The criterion of

evaluation is the following.
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©: No damage occurred.

O: slight damage appeared on the film, but no damage on plating
occurred. |

A: Film was damaged, while plating démage was slight.

X: Film was damaged, and plating damage was serious.
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resistance

Corrosion resistance
after heating
©

Corrosion resistance
before heating
©

Resistance to
smoke emission

Resistance to thermal
discoloration
©
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bel ow were subjected to al kali
first filmformng treatnment solutions
applied onto the surface of respectivezplated steel

u
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HHCyYyLO 0000 WO
UuMCHYOHO

HCO0400404HO0 270SEPHIBOOL H
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degreasi ng and wat er

26 Both sides of the respective zinc-base plated steel

sheet s

descri bed

ri nsing. Respective
shown in Tables 1 and 2 were
sheets using roll

coater (while adjusting the coating weight by the wet-coating weight),
whi ch were then heated to dry to formthe respective first layer filns.
After that i yosit st riy] of straight

ot P

+
[=18

frespegthveT g——Cph ConsTsrmg 1T
silicone r«psiqﬁ, gi Yen inh Tableg 3 tgo 5, werje apﬂlied onto|the | respective
first layerofd/l ng by [roll [coati{ng| met hod il e| adjusting thel coating
wei ght by t Bel|welodentd e \&| o0 | ol o | oves £ xt|leehobaxieal | o] @h -
i nduct i on- hgat/i ng flurjnace |to| t he ulgi nmat ¢ htq t enper|at irgs pf from 60 C
to 400 C, 1th§ the|test|materials \W\ere I *eg. (1 | ect rlogpl vani zed
steel sheet (sheget |thickness| off 0.8 nm ng weight! of 20 phg/ n2) (2)
Zi nc=ni ckel| oal|l oy c¢oated gtepl |[sheetl (ishe 1icknesﬂi of {0.[8 i coati ng
wei ght of 2§ rJqhg/rrﬂ_ (|3) [ Hat - di p ggl \Vani Z§ eel| sheet (sLleet t hi ckness of
0.8 nmm coatd/ngl wei ght | off 90 no/ era (4) di p gbllanne ed steel sheet
(t hi ckness|®f4]0.8 codt i ng |wej ght jof D/ HnZ) (%) |Hot-dip| Zn-5% Al
al | oy coat el Hiceled | ehet o Deot| x @il Gkn@s 8./® en Ocgat @ wei ght of 90
ng/ n2) (6) _§Iq;;-dip Zn-_S%%AI alll oy pl at e el |shieet (|sheet| I hickness of
0.8 mm copgidig eight of |70 mg/nR) |2 [7 D03 -| 27 |[The doating wei ght
of conposi té“ﬁ»xi de|of| thelfifst Iayjér a e goati ng (we gqt of resin film
of the secod®d |l ayer are|gijven |on| Tables 5. r jeach| of| thus prepared
test materfaly, [resigtapce tp [ther di pr at ijon) ries| stjance to snoke
em ssion, g®rrosjon [resigtance bef ore aLud [ e healing, | and danmage
resi stance @aéce evalluat ed. [The rlesll t|s 1hre show\/n i n| Tabl s |6 to 8. The
met hod for|eval uating the perf(Pr mang¢e |i s|dgscfi qed bel gw. | [|Performance
eval uation]2(sl) Resi gtahce tp thernmal |di Jsccl orati on Aftier Lréachi ng the
ulti mate teifecat@r @ |@ @G@E@ &/PyO (tRsO @t €11 Owas s Lbj|&ted to
soaki ng fof8dje |holir,| then the| staie |of |di|scpl draftion lon|the surface.
t her eof Wasg%et erm ngd py| & Cﬁﬂ orimetler| The|cniterion of the] eval uation
is the fol | ®Wing. |(q):|AE <t 2 0:.1F <AEf5 A1 5 < ATE% 10 |X:| AE > 10 (2)
Resi st ance| 80 snpke €mni ssilon \/ﬂsual observdti pn S given|{to each test
mat eri al ta_wéit h 1t he smoke—em-ssi-on—uprtg-6p0Ccefrubtimate—pl at e
~ tenperaturp, = Thee ﬂEritechn of |t hle qquI uﬂhtion ig the(fallowing. 2 7 SEP
2005 - 28 xcﬁ No|sroke was| emi tted. |0: | Sl|i ght |snpke was olasefved. A
Snoke em spgdi) was|fqund. |X;| Si %nificdnt sH(Dke éFrri Sssiion was |observed. (3)
Cor rosi on f&si & [#A¢e (5ef & hﬂal} Q| A @ afi|tY| B @ €3¢ OqfecPméns (70 mm x
150 mm Wasf’.cgﬁt from each\ test mﬁt erijal | Each qu th(g tlest gpeci nens was
subj ected §c£ salt sgray tlest qkpqciqied by 1316 22371, The| arleal of gener at ed
white rust| affer| 500 |hopurs was |vijsual |ly detlerined. The critlerjon of the
eval uationfisithe fol|l ow 19-] (c)|: No white rpst Was gegner atjed] 0+: Area of
generated white rus Was_ﬂr%or | ess] 0: Arega pf [generatled white rust was
nore t han 53/0ncﬁnd not [nofe| than 109 A hraa of |generatled| white rust was
more than % and not| mpre
o o
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than 30% X Area of generated white rust was nore than 30% (4) Corrosion
resistance after heating Plurality of test specinens (70 mm x 150 re
cut from each test material which was prelimnarily treated Hggghn%eto
600 C of ultimate sheet tenperature, followed by soaking for one hour.
Each of the test specinens was subjected to salt spray test specified by
JI'S Z2371. The area of generated red rust after 500 hours was visually
determ ned. The criterion of the evalua§4on is the following. 2 7 SEP 2005
- 29 Q No red rust was generated. 0: Area of generated red rust was 5% or
| ess. A: Area of generated red rust was nore than 5% and not nore than

30% X: Area of generated red rust was nore than 30% The applied testing
apparatus is gi#&nSPANFLY. Tibéﬁémﬁnéo §cﬁéﬁa?ﬁ@lﬁﬁoﬁtt9|§w/PEérééft has

|1 d Fi h f h h
R T e S At S ST R R LA
which fagegsthe &ﬁvah%leheggvanéxwguqla t&%e@ﬁ‘é@é%@”ﬁ:bakh)érﬂ%&' zont al

projection 3 positioned at a specif ei ght a hydraulic cylinder 5
whi ch suppastslbheatimhe ﬁeeiétandedtbvemokbeemabeldne résherthbnant abl y
toward the female die 1, and which is fixed to other side 2b of the frane
2. The naFergpeiagnikefoxedrd af o hertigigt ﬁ’él%?éméalei ESEYFIABER-5 TR a a

| oad cel | wi dt h of th» pr oj ectl n 3 of t mal e di s 10 . nm and
the I engt FBr ST TARTY p CHRARGE T %ot SRERATS WalhoATHIRNY
inserted hEEQrHBﬁgQEQ @ﬁé“ﬁ?@sehﬂelﬁegﬁkgoﬂ'§n1té9ﬁst8? gBl,€odi end. LB'”Q
the female die 1 and the nale die 4, the test material 7 was conpressed by
t he hydrauésistaybendertﬁenmdérd59cbgbréﬁl6nkgthénﬁésmétpnessubesmahen t he
test material was pulled-out upward at a speed of 500 mmmn to the
"arrow. " €Pieeippn.th Seailsddea &0i enrvasign kafans ene pbter dieaking
during the @ gh out actégg Lo eval uate the damages on the filmand the
pl ati ng af"rh ¢FPFEFion of evaluation is the following. 2 7
SEP 20D5 - 30 z(&)desl\lpmct?é@%&fecurtrh%dcogteél bggfeld@HBQ@sa@@@@f&ﬂm]Qrté he
film but no danmge on plating occurred. A Filmwas danaged, whi

pl ati ng damagersassns!|ighéntich Fabe1aasemaengedesaaﬂapbattugtUanmgk was

serious. 2,7 SEP 2005 - 31 v-Uv F b~ b ~"00000000000000000Q0C0 ro ~ ~ N H
fu G discplggation ang resisfanceytp sgoke emission in environments

Qat+++ Q0 HAUL E) HPHMA RBIRAPE TOXhEvE QLA WO NN fhance to
corrosion before and after heating without using chromium.
Furthermore, the coated steel sheets according to the present
invention show excellent resistance to flaﬁ on the film and the
coating surface, and excellent adhesiveness of the film on being

worked to form various parts.
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What is claimed is:

1. A coated steel sheet comprisiﬁg:

a zinc—basé plated steel sheet;

a composite oxide film formed on the surféce of the zinc-base
coated steel sheet;

the composite oxide film containing structural components
of (o) oxide fine particles and (B) phosphoric acid and/or
phosphoric acid compound;

the composite oxide film having a total coating weight of
the component () and the component () converted to P,0; in a
range of from 5 to 4000 mg/m?;

a straight silicone resin film formed on the surface of the
composite oxide film;

the straight silicone resin film containing a Si0, component

at a coating weight converted to SiO, of from 0.1 to 3 g/m’

2. - The coated steel sheet according to claim 1, wherein
_ the composite oxide film further contains at least one
component (¥ ) selected from the group consisting of Mg, Ca, Sr,
Li, Mn, Fe, Co, Ni, Zn, Al, La, and Ce; and

the composite oxide film has a total céating weight of the
(@) oxide fine particles, the component (f) converted to PO,
and the at least one component (v) converted to metal in a range

from 5 to 4000 mg/m’.

3. The coated steel sheet according to claim 2, wherein the at

UNJ ~ .fl ND
.HNN. -1 SEP
% 4%"}"35512 205
1
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least one component (v ) in the composite oxide film is Mn and/or

Al.

4. The coated steel sheet according to any one of claims 1 to
3, wherein the oxide fine particles(a)in the composite oxide

£film are those of silicon dioxide.

5. The coated steel sheet according to claim 4, wherein the
silicon dioxide has a-.coating weight in terms of $i0,, said coating
weight has a mass ratio of from 5 to 95 wt% to the total coating

weight of the composite oxide film.

6. The coated steel sheet according to claim 2

wherein
the composite oxide film has a molar ratio (P,0,/Me)of the

component (fB) converted to P,0, to the at least one componenf'

(v) selected from the group consisting of Mg, Ca, Sr, Li, Mn,
Fe, Co, Ni, Zn, Al, La, and Ce, converted to metal, (for the case

of two or more of metals, the sum of respective metal-converted

values) ;

the molar ratio (P,0,/Me) is in a range of from 1/2 to 2/1.

7. The coated steel sheet as in any of claims 1 to 6, wherein

the straight silicone resin film contains methyl group as an

organic group.

8. The coated steel sheet according to any one of claims 1 to
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seen in Tables 3 to 5 and Tables 6 to 8, all of the zinc-base @dafed 8ibeel
sheets that have filmaccording to the present invention gave excellent
resi stance to thermal discoloration, resistance to snoke em ssion,
resistance to corrosion before and after heating, and danage resistance.
To the contrary, Conparative Exanples gﬁe_inferior to the Exanpl es
according to the present invention in terns of any of the resistance to

t hermal discoloration, the resistance to snoke emnission, the resistance to
corrosion before and after heating, and the damage resistance. As

descri bed ‘abohereihetiteaiterh kilvels idliconse aeedndf hinthes £heiQy egeppnent

i nvention ,have excellent_resistance to therngal discoloration and

resi stance ﬁ%ﬁﬂ’li’émé:mosfsi@n &P Seh AT &ﬂ?@nt&‘% sed to high tenperatures,
and have excellent resistance to corrosion before and after heating

Wi t hout using chromum Furthernore, the coated steel sheets according to
the presertt. iTheNddDred OVeeXeideantacicesdihgnee snyfomayv o dilénisi bntand
the coating surface, and excell ent adhesiveness of the filmon being

wor ked t o &.oripersdino i ep g ighty s§ER czoes resim fildat dontaiasmed is: 1. A

coated steel sheet, co i sing. .a zinc-base ted steel sheet; a conposite
e 1| R 5 LRE SRR ot FEOSR hSh et Dtk & Sas8 oEnEers the
conposi t e @xi@de Ll MCORE A RiNG Sthdctyhal; $EMAReUSe Hesigd) oxide fine
particles and (/ )arpﬁog)%t]ora‘l éq' acli an%/or lgglhosghori ceacieglcorrpound; t he
conposite oxide filmhaving a total coating weight of the conponent (a)
and the conponent (/3) converted to P2G6 in a range of from5 to 4000
my/ n2; a 30rai Ghe @3tedrietekishet acrorfdadonot ArY st e cdrifgel to
conposi te80xi e fil m. t he st r.aih ht .gi.l i cone resin.filmcontaining a Si Q2
conponent & al§TEL8t PR WETGHE offver 8t 5°&* i fPemearE €8 3 g/ne .
2. 1he codkgdnsteshs8neehr 8CSRE Hdldd 761 Bl s BhSE Ak (I L BBRARI 1
oxide filmfurther contains at |east one conponent(y) selected fromthe
group conanstmagnaf ofy20Caarss, bylmasbhorFees€0toNLD0Zparé, bk anasndoLe;
and the conposite oxide filmhas a total coating weight of the (a) oxide
fine partitBeestrehghofporenne( £3piBonverted to P205, and the at |east one
conponent (y) converted to netal in arange from5 to 4000 ng/n2. 3. The
coated steel sheet according to claim2, wherei nt he at 2 7 SEP 2005 - 36
| east onejgomponeiindy)rbp hdeu£LEPRSiAE Qddeqfitori ssMeandir Aing. The
coated steel sheet according to any one of clains 1 to 3, wherein the
oxi de fi nehpastepkesfa)in the conposite oxide filmare those of silicon
di oxide. 5. The coated steel sheet according to claim4, wherein the
silicon dioxi de(®@asreacdtd /i herghtones steengf it Zrorbass goabadi figeehei ght
has a masg, rati,0o of from5 tq 95 w%to the t.otal .cogti wel ght _of 1 he
Conposi tes'][cl»e(le ebﬁfia_fnma%l.e_ollhse Spogé‘lttel(?nstcé’é’ltaéﬁlé&g _a{é o] dbﬁg 3 %?(gimrﬁqz/f
wherein the HOMOgihe P Hfcids BAgid) Pl Rg1 kAt s 00 wiAQ Y Me)prdsgtric

acid and/or phosphoric acid compound, converted to P,0;

_ (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 (a) oxide fine particles and (f) phosphoric

acid and/or'phosphoric'acid.compound, as structuring components-

thereof; and



conponent (0) converted to P205 to the at | east one conponent (y) selected
fromthe group consisting of My, Ca, Sr, Li, M, Fe, Co, N, Zn, A, La,
and Ce, converted to nmetal, (for the case of two or nore of nggaﬁg;zmge
sum of respective netal -converted values) the nolar ratio (P205/Me) Is in
a range of from1l/2 to 2/1. 7. The coated steel sheet as in any of clains 1
to 6, wherein the straight silicone resin filmcontains nethyl group as an
organi c group. 8. The coated steel she according to any one of clains |
to 2 i SEP 2005 - 37 7, wherein the straight silicone resin filmhas a

Si 02 conponent in an anount of 60 mass% or nore thereof. 9. The coated
steel sheet according to any one of clainms 1 to 8, wherein the straight
silicone resin f(F) n?eBAY BRAs2 P2 idyiidichiqompe s i gansilatARgaRBLUAL Y 0P L 20
parts by nass_or ss..tao 100 _parts b s of the.straight silicone . resin.
o The cBaroaaspbE S4dlPPaE8RArngTEs BhE GRECGELEPAPHA0E EoiMa SAfer of n
the strai ghh+$hlyl ¢8N@rieshBrELEM AN AERS MR %rgéebﬁdbﬁé et UBL{fant having
70 C or higher Softening point in an anmount of 20 parts by nass or less to
100 part scbytimgswofght e startieghtossldcone resige. ofi lfroh oethod ¥ gvm’.

manuf acturi ng coated steel sheet conprising the steps of: (a) treating at

| east one side of a zinc-base coated steel sheet by an aqueous sol ution
containing,(i),. 0.001 to.3.0 mol /1 _of.oxide fine particles and (ii). 0.001
Co6°0 mol?t B TRCAMhORTE MR AR IO (AT o Rh S SohiSIRE L or t ed
to P205; Ry Eeepingra conposite oxide filmas a first layer film on the
surface of the coated steel sheet by heating to dry the coated steel sheet
after treated byal heretlisauatsbdast amd aide obdad izigonbiaglkt platadramesl of
from5 to 4000 ng/ n2, which conposite oxide filmcontains (a) oxide, fine
particl esSRAEL(BY FMABIRAUT Sdditd cangraitagidashdiil c0alPd tdnpolideplas
structuring conponents _thereof; and,2.7 P.2005.- 3 (¢ | vi ng. a
pai nting c(’:gn%}éjg? i‘on” TS s"'tclelnegs ’ng(ilrﬁ)y OOTO%%at?t an‘H?§é%|?%c %goos escln%‘%nt o]
the conpogii® /e bhbSpnapic NAL EHHpLOnE! edhaIRQa tb s, f 9hal N 9
second layer filmat a ‘coating weight converted to S'02 in a range of from
0. 1 to 30gP0@1 2.3 A0 medhod dDratraiedsictene nel ot ek stasied fesim the '
conprising the steps of: (aﬁ@éreating,at_least one side_ of a zinc-base

pl at ed st@EPUP FRATIHYLInG Hqif@ouSasoPiiti bh, Mot &itvi 6§ (N} 02BoPto 20

nol /1 of i fipe riicles, (1] , 001 . | f horic acid
and/ or pﬁ%géﬁggicé%c?%gc%%%oﬁﬁd?é%%%%g%?%dm%gagzgggygﬁée§iY? g 70001 to

3.0 mol/1 of afp) %iﬁniqg £lompkitel extied Fiom hhea S1AUP 1GONS Htimg of
My, Ca, Sr, Li, M, Fe, , N, Zn, A, La, and Ce, as the sum of

respect i ven nétalsworaer todd thal gestefbythednbhged bypnpostirg oo diry ithm as a
first layer film on the surface of the coated steel sheet by heating to

dry the Rk Sterl UMt after treahisd By the RAs sYURI%h % @
0

coating i i n 0 4 / i Cf pte . i de
i1 m cont e mend e ohfolf hbabaae rrn 7 THRTma i, o OTRARE R 4
phosphor igx aed tkconmpithimnd dY) ortdbeasheOpSrteLEABNt ( 88! @hHcRGHIYAM t he
group consisting of My, Ca, Sr, Li, WM, F Ni, Zn, A, La, and Ce, as

e! )
st r uct ur iawid arpbieEntshospierrsiof ;acitt dapappd yiand a( padi @t Agasdmeesi ti on
consistin%_nainly of a straight silicone resjin pntgﬂ%he conposj t e _oxi de
film anflemert rﬁlted”%ﬁfis/ G408 &dre I AT IR RS QoM 1 &Per i dlat a

coating \@'ﬁl,g r.f:'te ,C %V,e rl\fie,d Ztno, %10,2 Lian, %nrdar&e, %fs fsrt%cQ:ur]intgo c%mg)/o'?;%"nts_
thereof; and

(c) applyihg a painting composition consisting mainly of

a straight silicone resin onto the compdsite oxide film, and

. heating to dry thereof, thus forming a second layer film at a

coating weight converted to Si0, in a range of from 0.1 to 3 g/m’.



