CHEM CALLY TREATED METAL PLATE [ TECHNI CAL FI ELD] The
present invention relates to a chem ca
conversion-treated netal sheet having a snmal
environmental s |load and an excel |l ent corrosion

resi stance, which is used for gu%onnbiles, bui I di ng
materials, hone appliances and electric devices.
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30 containing one or both of F ion and F-containing complex
ion at a molar ratio of 6.5 times or more to the metal
ion, with the pH of the aqueous solution being adjusted
to 2 to 7, and if desired, when a metal sheet having on
the surface thereof a phase differing in the potential
35 formed by adding, alone or as a composite, one or more
ion selected from Zn ion, Al ion, Mg ion, Ni ion and Co
ion is dipped in the above-described agueous solution, a
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or nore based on said filmexclusive of F. 15 (3) The
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(6) The chemical conversion-treated metal sheet as
claimed in any one of (1) to (4) above, wherein the
content of F in said film is from 3 atom% to 35 atom$.

(7) The chemical conversion-treated metal sheet as
claimed in any one of (1) to (4) above, wherein the
content of F in said film is from 5 atom% to 30 atoms.

(8) The chemical conversion-treated metal sheet as
claimed in any one of (1) to (7) above, wherein at least
a part of the metal component of said film has both a
bond to O and a bond to F.
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(15) The chemical conversion-treated metal sheet as
claimed in any one of (10) to (14) above, wherein the
content of the additional element in said film is such
that the Co content is from 1 atom% to less than 30

30 atoms.

(16) The chemical conversion-treated metal sheet as
claimed in any one of (10) to (15) above, wherein the
additional element in said film has a bond to O or F or
both a bond to O and a bond to F.

35
[Best Mode for Carrying Out the Invention]
The chemical conversion-treated metal sheet of the
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result, whereas if the F content is 60 atom% or more,
formation of the film mainly comprising a metal oxide or
the like is inhibited. The preferred amount of F is 3
30 atom¥ to 35 atom%, more preferably from 5 atom¥ to 30
atom%, particularly preferably 5 atom% to 20 atom$. In
order to allow for formation of firm film and enhancement
of corrosion resistance by the above-described action of
F, the metal element in the film preferably has both a
35 bond to O atom and a bond to F atom.
In the present invention, the film formed on the
surface of a metal sheet preferably comprises one or both
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the metal sheet and the film and if the content thereof
is less than the specified range, the effect of improving
the adhesion may not be obtained, whereas if added
excessively, this highly probably gives rise to
30 deterioration of the corrosion resistance or increase in

the production cost.

In the film, the additional element is preferably
present in the state of being bonded to O or F or bonded
to both 0 and F, that is, Zn is present in the form of

35 either 2n-0 or 2n-F or in both of these bonding forms, Al
is present in the form of either Al-O or Al-F or in both
of these bonding forms, Mg is present in the form of
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——aswWhi
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oot el fle SELLIE! SIRLC ey BIEIAL, AR 445 5ne
sheetfopmatg, onah mdmsim Uee £idat eresailtamg &£ romt gfeneration

sheetgd O\rotl‘-’a‘ttfleéaté’d%ﬁr{-’erﬁdﬁoﬁ%d £He ﬁrﬁr%g ‘écfepge%ﬁ{i&edoccurs

treating solution a drogen 1 on
reactilnorfqré“%s?ecﬁtl@ m:@e@@ elh@nesess, diedqot necessary.

undertak?van anodlc reactlon ano'—he nefaf sheet to
liquid phase deposition process, the film formed on the

surface of the chemical conversion-treated metal sheet of
the present invention comprises the basic unit having a
structure where a metal is bonded with oxygens
therearound and these basic units are bonded to each
other, and when the film contains F, the basic units are
arrayed to give a dense film.

The method for producing the chemical conversion-
treated metal sheet of the present invention by the
above~described liquid phase deposition process using an
aqueous fluorine compound solution is described below.

An aqueous solution of an F compound where a metal



undertake a cathodic reaction, the oxide or hydroxide

can be depositd on the neal sheet due to el evation of

the 9 interface pH along the progress of the

reduction reaction. By controlling the hydrogen
generating reaction and the el evaion of interface pH
within the range of not inhibiting the film
formatd Qe d16; . Q‘Pé’%frﬁﬂ M 2LE G l'n{‘%rn%la%‘egreA%ompounded
for the consunption Fior ne i‘on, "boron
alumnﬂﬁnnnﬁpanﬁdfandnuﬂydaasstablerEB¢am@d@o¢uylbe More
added dpdilYg d41€8),1 NP 1§Ya4tly gnaqu\év&%'g Ry Q‘ito%mébﬁltalﬁlng,
controlled to an-extent of n abo

deposidlio®® gads én CiQ*TmoﬁllttleonOdﬁeotrommegé\ﬁélaét pdament

fydr oge edted Frén frar mohi,| @rC%nbsnEO@IE‘ionV\'ahB' Bofltaining
short tine. The control of potential can

faci | % &F BPted fy lPﬁeaBQt A~ swtelahnapspwsiﬁat gon at a

rangemoba@a@&elbfoﬁh% BHt@mekhBrt hE2EI B8 €ALUMERRLI Son is
too % orous hyg ggen reduction reaction
read|F§3E§ 8 2 PH Bfhér tRor ddndt hE depdipe; ofnpapE more

can beonuaeneased Hyom$ﬁhrﬂbhtn@lthénhyﬂgoﬂﬁﬁ, Ni ion and Co
ener n CLi o erefore

(?reat?ég 28|u§8 ongdfﬁs?ﬁdatﬁoﬁp?gl9e Fﬂ Eﬁe aqueous
aqueo@slsgbliani bn pmepereeaatremnlm@dséluoiome 20 ion

in a molarg t o)

are presonthehd ferdL 4B %o e “cteated (5 iedfd 1n tnis
contaFﬁ?@@lagc@ﬂ#ubxononatohgasslmgeara@¢a;onammt of the

f1 0T EOsuhDe PofDL AT Pl 204 0l ¢hd LIERAOKs BRI 0% 1P 1412 takes

net al an GQUI rrumreaction 1 nvol vi ng t he uor i

151 on delafe 22 -reagkiqreRfirconvelting @tmtala#muohw % metal

~ bOt&kI&é or the- Pfkezbroééedi Ad | e ﬁitéi oXide or the
~111 hydr oxi de. he fluorine ion or hydrogen ion

is ik e?fhctékﬁ netalh ghest guckarer t iipn Hde metal

met alshden tdtise ofetedds &n aihé)@\ﬁ.efaﬁféj tthereof a phase
In.this reacti n the

oot WA AP Ve hrehedaler GHaR At i @lldy o

20or nurisa-fed urciontrerdl lafy tfatieiglshiest, tloeal IdUJ.JJsS are formed

e R IRl B LS, g con
bondnﬁmmﬂmﬂﬂlqydiﬁanomaweduamlbo Greatcdrbora e fifd cientdy occur
in tﬁﬁdf%h@‘d%%o %;%%Pg}k% Qﬁc¥85%ﬁ§'owﬁﬁ Ry ?gﬁ to such

only by the operation
be t F€&LediPRing,t whani ﬁgesmleumlonhewt tahbe 4reated is

-——25-1-05064Bke-8L LIRS Wi th40metal materialhavinga standard—
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electrode potential lower than that of the metal sheet,
an anocde reaction takes place only on the metal material
having a low standard electrode potential and therefore,
the metal oxide or the like can be more efficiently
depositd on the metal sheet. Also, when an insoluble
material and a metal sheet to be treated are dipped in
the above-described treating solution and a hydrogen ion
reduction reaction is caused to proceed on the metal
sheet while controlling the insoluble material to
undertake an anodic reaction and the metal sheet to
undertake a cathodic reaction, the oxide or hydroxide can
be depositd on the meal sheet due to elevation of the



di pped in the treating solution and a cat hode
overvoltage of several nV to hundreds of nV is
applied to a substrate on which the netal oxide or
the like are intended to deposit, the deposition rate
is remarkably increased. At 5 this?ttne, a very
honogeneous filmis formed on the surface of the

metal isheatrdd i tarl %;eg_het P?Hgi‘e@s deEﬁgePegﬁéthén

generated. If the e tlng solution Is
r ender&R ¥td Be | @wef:%raélwqaéb@ reregenegenerating

gener aldaeit idhh Gliigs tﬁ@selévﬁthﬁhﬁaf EHEePEaEQrﬁﬁdwgfhﬁn the
10 fil m havi a ngn-uniformthickness or a

adhes"P&9es eﬁ&Fh1H§9bF§é89tth?r5h4@h§§EmFEh§anth?he

$F|Ofdbb©s1tgaﬁtEF@eS@thb§n1h§r@é§é§rabAy fé@”tﬂet@onsumption
refera

r . th
(r ont PRy FluGraPEoibns PREdn: fof of & hEniByie tof ke oforming a
| sdr eatlabyelFliuobilet ﬁdydlrlefi@d@@n&b atm?ntféahyndg ogeution.
an t 0 ntra ro or Il mftormati
hoconieR ERE bBEentRL! £ {ohePRHNG 4o Bl AL Tor ot
sol ut bohngingedsodt dé&possolon i veadtsi amsi @bl el biormdue to

1Oaggre?gﬁg ?@Yon Fe€g§#§§%¢l lee &é&f&?ﬁ”f%#ﬁfﬁgn be formed

adhesrve s 0 of orine

i on t@ithén n@tahorbntimm tH%het rmurwgl soff (patantiial ezan be
than fatiEeat jt i

deposnatld vearly é@%y Js]g'?ﬁ)ﬁ)g&qp%ﬁ &i An afappropﬁiate

fl uorF%g?orP?%ﬁ‘f% hettie inkh ofh thee tnqaédtnmgsolution is too

sol Utl&lﬂ ta@ ﬁ@oﬁd@%ﬁrd‘&é’rﬁ rdditildiP it i%h 2r.%aclily

| +,’7aon 7s taken Into an oxi

15, fq i e °C‘F1i”F§n i n’frt tﬂ‘-:t o MRESSyt thép SapasiE iote nﬁqemcamd be

a fltirlccrnéaaeaewmpldumg:td‘llllimgcm g@lmf é’;é}%ﬁ;ﬁr@
a neta e a a Iro rne
et 2P SR o PR it hee il Oy e GfoeEiag Solution is

appl |ae:b_‘Jusstetbttqoaar tdec arI y |i m ted but, for exanple,
the present a nhangi_ng e
corr03|onqﬂ}e3|§$£nce o%%&uQ %gﬁggtm 52 téP 3@? fluorine

0steelioghdex a melaal mmtn@np£IMoylmbeebr morepper theemetal ion

%m@é%@%%%%ﬁﬁ%ﬂ@%%%ﬁ%%oﬂd&amﬁ —

30

35

or a t t d ucfa 0

e R e SHER, oo 2aflb B0 4R Bh R RpebhR0 otliedon

coat E@n$adainghaecorpdexhaon| creprigdngosr msﬁ:eﬂ» and fluorine
resi ihaaCﬁtoéa@ EQ%inBQShOEiHSEV\E?nmﬁESStB ép@ R{EEQL an

can be En ang ed - les o e stainless steel
sheefdH &#Baéumf Epprtiéont anﬁpégsngt the fhuerine ion occurs

B RRENES) | 35Ehe HATEL G Pl SlCnghabimShoRL
consumed or reduced a reaction of converting the metal
ion into one or both of an oxide and a hydroxide
proceeds. In this reaction, when the F ion content in
the aqueous solution is set to 6.5 times or more the
content of the metal ion, the F ion is taken into one or
both of an oxide and a hydroxide, and a bond connecting
the metal ion to F atom and a bond connecting the meal
ion to O atom can be formed in the film.

The deposition very slowly proceeds only by the
operation of dipping the metal sheet to be treated in a
treating solution, but when an insoluble electrode is



5 JI S1000 series (pure Al type), JIS2000 series (Al -Cu
type), JIS3000 series (Al -M type), JIS4000 series

(Al -Si  type), JIS5000 series (Al-M type), JIS6000
series (Al- My-Si type) and JI S7000 series (Al -Zn
type). Exanples of the plated stddl sheet include

Zn-pl ated steel sheet, Ni 10 plated steel sheet,

Sn- pl aaﬁsbéa egh ﬁ{@eénegﬁfqe @hlﬂonola%ﬁe% %ta%%'oo@%%rvoltage

and Zn al l oy-pl ated st eet

met al SheWveras iy dP thdnadsacd ﬁ‘ﬁ’erléoﬁppélﬁl‘ilaé‘—@ a substrate
di fferdavHitH v At Hxiidic!dide nal ll'i[‘k@“@r@' |19)t‘.|e|nded to

sheet, Zn-Al alloy-plated steel sheet, Zn-
15 pl ARPsite elthsﬁ"l osAtiQn MAts ig) |r§91a5|kapéar éfl@éﬁased At
Sheet ,.thiA -tSined! 120¥%raid Kf‘ﬁﬁﬂl u%n‘i'iﬁn ZQ Sbrmed on the

ooy laed Sesl nansd SOk 9 TaY e 28R el oLon

pr esemtydrogent igars. 1aog{elﬁ>eamﬂea) The phespAt oﬁ:‘n\tﬁ@t t@Bating
i s desc rrin

Exanp PO THHEN 15 FRBSETES hoehe ORWe s SHoRS| R pEderarate the
this Beaspla¢iofhefmehdls gheet aufedmwmag hot-Hepformed or a

I d . sh I, "Lo:es
O P npb g RoBBh Wdstn CRiEKDRES BF.F bHgy adnesive
havi ngtsenghd mayf aesuiher efirom phese dedsenspgthe pHeof the

potenkgggtﬁgs 53@P€1 nhQE gkgféééﬁ é?oﬂ %o 25 176@ﬁ§%e

al l oy-pl ated”stee verage on bot
surf aB&§ferably/ fppm a Zﬁ 41% AE-BbeNpH OO Db lmr Breafing

p'atego&h@?bnsbﬁele§9|@Bhﬂ9200¥ﬁéaﬁflﬁ”f&%ﬁ5%§&ﬁfﬁ@eﬁeadlly
nd an alun1nun1alf sheet (JI'S

15(A| M‘1n %%ew dyRebe HEDBFaLhERIST ShYAFRERD FBF CkARsROtent dal
of 0.8ontrblEoeh sBhRd BhER! £6 2Rt PonaSeotie £CAPEfiOult,

an alkali 35 d greaS|ng reatment and then to the

Cost SVABEERS bl ChRI R, OB TR arTeAt o ARLUF TR fxceeds 7, the

hydr ozo thet i ei $ anmtdal@ne oﬂZantitpgﬁegaft%:ena)j macdepositd to

met al et b id a roc e treating

sol ut?%ﬁ% %%ey ?‘## ??'g %‘?ﬁfg erp’f%‘g} were 5- an
20aqueous 0.3f nldhd Unmlammmmeqﬁfﬂmmd iicat co0 the metal ion

sol Utirﬂmtl'f1 Célt @sﬂs %OLhtS &nileémlé lfilm may

uor ana

amoni um | on rea
sol uthah t{ea)qepmtaiqmﬁ oiejpmt'/cL a:mmmumtle By setting

hexafd oA AL AR of fluorine ion to the metal ion in the
treating solution to 6.5 times or more, the fluorine ion
25 ———inthe-treating solution is taken into-an oxide of the —— -
film in the process of depositing the film and a
fluorine-containing film comprising one or both of a
metal oxide and a metal hydroxide is formed.
The metal sheet to which the present invention is
30 applied is not particularly limited but, for example, the
pPresent invention can be used for enhancing the corrosion
resistance of a steel sheet, a stainless steel sheet, an
aluminum alloy sheet, a copper sheet or a metal sheet
having a plated surface. Also, when the film is used as
35 an undercoating film of a coated steel sheet and the
like, the corrosion resistance and the adhesion between
resin and metal can be enhanced.



10 solution (treating solution (3)), a m xed aqueous
sol ution of an aqueous 0.05 nol/L amoni um

hexaf | uorotitanate solution and an aqueous 0.05 nol/L
amoni um hexafl uorosilicate SO|UtI£ﬂ (treating
solution (4)), 15 a m xed aqueous luti on of an
aqueous 0.05 nol/L amoni um hexafl uorotitanate

sol ution anExampaqseeﬁStHe05taﬂ@iéésaQﬂQQlU@&eet 1nclude
at e. sol ut (treatin sol uti on

hexaf | co S5)),
a n1xeggggﬁg%u§Q§bPﬁ??%nS ?eéns%ﬁﬁﬁxnééﬁfﬁﬁﬁ¥ﬁﬁ/%F%KPleSS steel
annonlaheﬂéxamdummsZemrﬁﬂaQeaSﬁ&eﬁ$(Htéﬁmiéﬁbéﬂﬂ“ﬁEKhmples of

0. 05 ni um he afI orpsilicate sol ution

treatlﬁrgg solu m%nn% §< él ]2'561 % ARG ont Nl ude

nI aquéb%?sOQfJ OSemind ¢ L(plm'mD‘Kll UWﬁE)KaHILa?{OEﬂO tsfiles (Al-Cu
sol utiQp,.an agueaus 0,03  25-- - - o%ldd cate
Sdlﬂl%? and an aqueous % gy‘ ﬁg'ﬁﬁﬁnﬁﬂ%W® d Series (al-si
hexaf | iRz rtU(ﬁféit(HJ st witd DN(A X -Mee atyipe] , S JILRE0DD (sBries (AL-

a mx u S i 0

QA A4 1A% o @o'%eﬁr?]%%n%%aziln@ S’édus Examples of

anmoni um hex Iuor03|I|cate S
0. 01 ?ﬂ?|ﬂﬂQQ?®u%ﬁ?Qﬂﬂ&hﬂeﬁaknﬂhmdeoﬁnfpdeaﬁdngteel sheet, Ni-

1$0Iut@Q@t@%)bte%l”@%%@taq%%a a32lukkal; 0 h@@taq%%g%% alloy-

0.1 mol./L amonium hexafl uorotitanate solutioh a
aqueo@@aéeéistﬁﬁﬁ/Ehfﬁﬁca@ﬂ Sni-§é QéﬂQVrQhaFﬁdeatﬁné sheet

SolutE&&mbahb o& Ehéeﬁeéﬁqeghéeiohﬂbiﬁa 8h eﬂeagu%@HE thereof
h nggnlun1 hexaf | uor ozi rconate sol ution ang

an aque8 856, % RGEPE #hnEbenpekeaeiad) 4pFbude aluminum alloy

(treashagtsSZnPAmnailey%plateuxeﬂeaﬂusnéétﬁotﬂLAQnmgfalloy

an aq exaf ] uor o

L0 P EEd s iaShooheEt. o PBTRI T B AL Sk e bhflopFasl sheet,

soIutanS%taéboyﬂglebédtsbeet(aﬁd)Alazm43£daand?ep$ated sheet.

sol ut of [L,5 a

hexaf%ﬁ%rot? anat ? $ %Sg%he%nt%gﬁg%dghiﬂﬁﬁ?lnﬁ??t9r91°n'

magnesTediedh| netak %M@Jt iofi the eateseptsantentiof 12)),

a m xed aqueous solution of an aqueous 0.1 nol/L

2Oammntumhexafluor02|rconate sol ution and an aqueous
0.01 %Pmﬁﬂﬁk.nagne3|un1chlor|de solution (treating

Lo, TRt Rt U oo dcal
:ﬁ%}9 % d@Example, but the present invention
is not limlted to this Example.

The metal sheet used were hot-dip galvanized steel
_m__Zﬁwvvf_shﬁetgiplating_conexage—gn—beth-saeﬁaees+_499_q%m3%ﬁm«%wWﬂﬂmw' -
stainless steel sheet (SUS304), and the metal sheet
having on the surface thereof a phase differing in the
potential used were a hot-dip 55% Al-43.4% 2n-1.6% Si
alloy-plated steel sheet {(plating coverage on both
surfaces: 150 g/m?), a Zn-11% Al-3% Mg-0.2% Si alloy-
pPlated steel sheet (plating coverage on both surfaces:

120 g/m®) and an aluminum alloy sheet (JIS A 3005 (Al-Mn
type)). These metal sheets all had a thickness of 0.8
mm. Each metal sheet sample was subjected to an alkali
degreasing treatment and then to the tests described
below.

sol u

A metal oxide and a metal hydroxide were formed on




nmol /L al um num chl oride solution (treating solution 15
(14)), a m xed aqueous solution of an aqueous 0.1

nol /L ammoni um hexafl uorotitanate solution and an
aqueous 0.01 nol/L alum num chloride sol ution
(treating solution (15)), 20 a m ¥d-aqueous sol ution
of an aqueous 0.1 nol/L amoni um hexafl uorozirconate

S A A P U B LA

solution (treating 5o x2d

sol ut i ®°6Esgn aqueous 0.1 nol/L . 95 .----- . anmmonf

um hexaf | 0sh.Li k n 01, nol /

ni ckel chIo??ge%ggFE?Pgn§§¥gé%§ﬁ%8ug% u#ﬁdghfl%ﬁg?lékphase

m xed BEOEBHS ¥BKati on of an aqueous 0.1 nol/L
gnmoni um hexaf L Lt gnat uf s
Fhugeobltanaleos éﬁﬂ%ﬂngggég$#§¥#5%¥5%111cate

0.01 nol/L, nickel chlori sol ution
sol uti BALPEEPY  (Bpeatkgeso Hebous(Bolution of an

aqueous 0. 1lanDhgkeo@sMPN s Nexaf Q7 T .
sol uti on €€d an aqueous 0.01 nol/L ﬁickgﬁggﬁgég?ﬁﬁ§ltanate

sol ut i DATYHHRRt (ePabing sl yuin | (2 i xed aqueous

sol ution ofamna@er@sis0 0. MdMAT lamnARIM W8xafluorozirconate
15exafh¥9%§$1I|c te solution and an aqueous 0.01 35
0

mol / L Cobar t°thl ri e o 1SR4t rEdtlieng sol uti on
(20)), a maewlixmlienisdn Wolatieh IF ARUeRMBodsl0.05 mol/L

mol / L. ' fluorqtitanate solytion and
an'aqd%ﬁﬁﬂ?%yqﬂp%g?%i%ﬂqqgiﬁﬂﬁﬁ e éﬁﬁHF#GE gg%ugpoﬁqueous .05
(t r eafiody Is @immardmn 2EKR £ luardsd liicetd sgletdsn (treating
sol utisen fi A1 @gyeous 0.1 nol /L anmoni um
exaf | uorozirconat'é solution and an aqueous 0.01 5
13wI/L cobalt MiKegr pduesvisusicdntioneafi ay aghadiien0.05 mol/L
(22)) amihof ibheheya 188 dt s PARaLL) sbout {n"Eh 2l H§h&8us 0. 05
de an rther, i

by mai nly_ using _ anmonium fluori u

desi r B8L7LnaRPGPLyBr hexaElucspzagaenate agpbut donn(theating
aqueosslubexaf l(8pyo- conpl ex salt solution such that

the nolar 10 rati,o of netal to entire fluorine was

about 1:6.8 Bh¥eEhaquppHiagolBbien0of The 2qeeewngl.05 mol/L

ZOSE:utémmsniamhhexéﬁﬁﬁomﬁﬁﬁrcéffﬂét§§lu€&?ﬁraﬁ@ﬂ%ﬁ9aiﬁ@bus 0.05
chl or o_the aqueous_ _hexaf| upro-conpl ex sa
ol uSE/L DoiEn i BeRne TR ¢ r fiielamartreat ing

furt Relutiomeébred, hydrofluoric 15 acid or aqueous

hexat | wor o ubRed AQfod; Hofifiidh s A deliE fRf mor/z
1: 6. AnRenive hexaflueatntitahate solution, an aqueous 0.03

———28%———mol/Tammoniumhexafl solution and an agueous
0.03 mol/L ammonium hexafluorozirconate solution
(treating solution (7)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorosilicate solution and an agqueous 0.01
30 mol/L zinc chloride solution (treating solution (8)),
' a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution and an agueous 0.01
mol/L zinc chloride solution (treating solution (9)),
a mixed aqueous solution of an aqueous 0.1 mol/L
35 ammonium hexafluorozirconate solution and an aqueous 0.01
mol/L zinc chloride solution (treating solution (10)),
a mixed aqueous solution of an agueous 0.1 mol/L




Each degreased netal sheet was dipped in the treating
solution and a filmof netal oxide and netal 20

hydr oxi de was fornmed on the netal sheet by cathodic

el ectrolysis using a platinumas the counter

el ectrode. The filmformation waslperformed at room
tenperature for 5 mnutes by controlling the current

densi t gminon1 QK ﬁé&ﬁﬂﬁuo@@glﬁié§ﬁetQSluti&ﬂféHéngd(Hhueous 0.01
t he netaa/iheet was washed 25- wth mater and

dri - n"PHBSSANP| ERleki Ay sebatioy (Emakithsqiytion
to (7){liphg,fluorine ion in the treating solution.
was taken intg.,an,oxide of the filmin the process of

deposi ting ThBMFPHFEARLYS r3 U+ htal MaHpoufettyl mol/L

bxi dle anmoei ah h@'ﬂatibhll(ﬂﬁo?lii&ma"?@ dSTEihn Ea;hd{éﬁl 3yueous 0. 01

sanp eating.sol utions e

vt a Tkt Mk e e Sl s Gatdag. solution

solutltkﬂkae taken into the filmand a netal oxi de

or netal r cont.ai.ni n addi ti ona

el ement an rﬁf‘%“ n({d\/\é/eolrraes %(?ng%n@ PGepls 0.1 mol/L

degreé@@@ﬂﬂﬁmcﬂ%ﬁ&ﬁi%ﬂM024$cﬁMaZm-bd@%tSbn and an aqueous 0,01
1@l | OYTrQJl@/tI?Qnaiereeéluﬁﬂ%%tloﬂgezglo%@ onng%}:%/gtwgg sg}gtion

al | oy plated St eel eet, the
perforﬂéﬁ al so by a so-called dipping process of

di ppi ng tfaemmfe@d aglieslsi eoghﬁfxbhe@g ae ggh%hgno(i) mol/L

(2) or for nlnutes an
materaW&QﬁlH@ Qﬁ&a tdppragiticats splytéeseand aptagueous 0.01

OX|demoﬂ/MEEathnbmdbﬁleQdélhBlBE!ng(Eﬁgﬁﬂiﬁae§81ﬁﬁfon
15t he fl ne ionin the treating solution and”a neta

ion c ns?&éred to have dissolved out due to formation
of local cal hixedsagaeses. sE.DﬁtlBﬁ O8I 80 &;r@éous 0.1 mol/L

conp 2 or Zr02
conPeakaghiaf PRLSHLRIROLHLARaS L1 5u0 pidamgpatscus 0.01
procedal (bi agjusioen JhDeride Zs@Eu’a;Bom hettedtgiig solution
respegisyply. These films formed by the

‘above- descti bed |iquid phase process or vapor phase
20process eat ined safeauedsokut ken evfiamataquecfs 0.1 mol/L

amur&rﬁn&htﬂh%ﬁl%ﬂ%d t%fld'éﬂ%la'ﬂqg%nt rE%uec'us: 0.01

X—ray H}oe ectric spectroscopy

st at & R stlordidaymalaition he reatihngasolution
esti ngtédd ,from the chemical shift on the phot oel ectric
spectrun1of each. el enent deterni ned by the X-ray

phot oel ect? |n}:”§5%@t9u§§é‘§p3§‘° F’Griiqﬁ"e%la@ awpgpsatooﬁ:smol/L
25 F  2@amxomhun) hatveufl mae oz | At ledls 11128 ofl GHEL WO WAL

?fﬁe st?uc$£ &2@ é@ﬁ 8§§ %lu%i%%p(treating solution (17)),
a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution and an aqueous 0,01
mol/L nickel chloride solution (treating sclution (18)),
30 : a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorozirconate solution and an aqueous 0.01
mol/L nickel chloride solution (treating solution (19)),
a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorosilicate solution and an aqueous 0.01
35 mol/L cobalt chloride solution (treating solution (20)),
a mixed agqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.01




1

each bonded state was estimated. Qut of the

t hus- produced various chem cal conversion-treated

net al sheets, the naked corrosion -25 stance of the
hot - di V gal vani zed steel way eval uated by performng a
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The 25 adhesion“was evalua
accop&pngfpgr the film formation, the metal sheet was washed

—25—with-water-and-dried:—Inthe samples using treating
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solutions (1) to (7), the fluorine ion in the treating
solution was taken into an oxide of the film in the
process of depositing the film and a fluorine-containing
metal oxide or metal hydroxide film was formed. In the
samples using treating solutions (8) to (22), the metal
ion and fluorine ion in the mixed aqueous solution were
taken into the film and a metal oxide or metal hydroxide
film containing an additional element and fluorine were
formed.

As for the degreased hot-dip 55% Al-43.4% Zn-1.6% Si
alloy-plated steel sheet and Zn-11% Al-3% Mg-0.2% Si
alloy-plated steel sheet, the film formation was



the peeling criteria shown in Table 1 and scores of 3
or higher were ranked as "passed". Table 1 Score
Rating Criteria of Coating Material Adhesion 5 No
peeling 4 Peeled area ratio of |ess than 5% 3 Peel ed
area ratio of 5%to | ess than 20%132 -Peel ed area ratio
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nore e (RatiNg Gl %?# . é%e%aﬁtl%%%lg%?\gs%ﬁc%%@plo% dipping

for coating corr05|o esistance test
pr epar€te Wetadk taheet Han rﬁ@]ﬁrmdlln@f sodutiond (laced2) or (3)

into ﬁﬁu?p%rmfﬂéassrhrﬁﬁ%ﬁe'ro%rl |f%§'fhg%‘1@ g:%rt@'rn?iaghlng and

to the neutral salt spray cycle test escri'b
H 850ATrYifgn idycl é‘sn idYis saskor pedretiaih ogddecpel metal

sonsi -ﬂy*di%xqfdé ﬁﬁhﬁﬂaﬁﬁn@f t@'k(eﬁq'ﬂﬁgﬁfélﬁtwt %‘l’x'éla@guoiine ion in
H 0

solutl?P hour s) ryi
hour s)t ;C\}o'@lattllﬁ‘él (Ssvd@thRHangls% Betadr épn TRESAERFAUNEO have
bl i st eriswodiied oo die &t foepdtisgeoBalbch@Scells was formed.

eval uat ed. _The les were rated on a b5-stage scale
accordi ng €8Tt hBe EEP§PQPeWP§tﬁo@PPFé?Pﬁflé gﬁanCPﬂpr151“g

Tabl eoRlgngisgpresopfod aohivgbefovmed 6ANkKRE M8tal sheet by a
pass ry os

Table 2 _Score Ratin iteria of 0

1005 S BnEE g PrPress, SR LRA i t1G &r Jitgenan the target,

| ess rhapeB8timedyMaxi num blister width of 3 mMfMmto | ess

than 5 mm X b i d 0

than 3 TEeRBxEAulEoroEhER By ittle (podviThéfcL fh8a 1iquia

Sanpl PBapaspedcesshorhvapont phasergprrceass aeckhi vas subjected

t est d n.kesi e.fe |

Good, G5t ERRRALLILATOE CaRSHALE of Bl qiifs | H08EAIngd in the
150 mbibmoby the ¥-pap photeebectpi@ FPEcresePry m Also, the

X 0 bdndéd étalée bf éheoédditlienall éléménté iA the éilm was

N N wmrwm Wﬂ r\FINB 4claemcacl @fe@ @rz: @Q: @@@J@ctrlc
A MHetrtn @Oedcl O éndnd detRiindd Bp thd ¥Ry

>
D‘Al%hoégelecé%lc spectroscopy. Furthermore, metal atoms, F
20 atom, O atom and peripheral fine structure were examined

by the XAFS (X-ray absorption fine-strucé¢tures) method and
each bonded state was estimated.
Out of the thus-produced various chemical
conversion-treated metal sheets, the naked corrosion
-—25——resistance of the hot=dip galvanized steel sheetwas -

evaluated by performing a continuous salt spray test for
500 hours according to JIS 2 2371. The rust generated
was rated AR when the white rust generation ratio was 5%
or less, rated BB when the white rust generatio ratio was

30 from 5% to 10% or less, rated CC when the red rust
generation ratio was 5% or less, and rated DD when the
red rust generation ratio was more than 5%. Samples
rated BB or higher'(AA) were judged good. Other metal
sheets were not subjected to the evaluation of naked

35 corrosion resistance by a continuous salt spray test,
because the metal sheets themselves had good corrosion
resistance.
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aterlal adhesion and corrosion resistance under the
following conditions.

1) Coating Material Adhesion

The clear coated metal sheet produced by the above-

described method was dipped in boiling water for 60
minutes. Thereafter, crosscuts were formed thereon
according to the crosscut test method described in JIS K
5400 and further an Erichsen process of 7 mm was applied.
A pressure-sensitive adhesive tape (cellophane tape
produced by Nichiban Co., Ltd.) was laminated on the
processed part and then swiftly peeled off by pulling it

toward the oblique direction of 45°, and the number of
pPeeled crosscuts out of 100 crosscuts was counted. The

25

30

adhesion was evaluated on a 5-stage scale according to
the peeling criteria shown in Table 1 and scores of 3 or
higher were ranked as "passed".
Table 1

Score | Rating Criteria of Coating Material Adhesion

5 No peeling

4 Peeled area ratio of less than 5%

3 Peeled area ratio of 5% to less than 20%

2 Peeled area ratio of 20% to less than 70%

1 Peeled area ratio of 70% or more

2) Coating Corrosion Resistance Test
A sample for coating corrosion resistance test was
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Samples passed both the coating material adhesion
test and the corrosion resistance test were judged good.
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000 ov b BRERY sty i“k%gvé‘raﬁ"t?ﬁ%?%pwed tests
4 J N3r§ shovm m/\Taer}ea@ t@ [0 @very edth-metal' shapt. It is

a0 a aappaverdt aHa¥lthy n&%e é@rros;on resistance, coating
a) v~vv=-vimanva~vvvv o~y
to m Q}{aa dhesign A %Palilrw\ fndm o:oztromoro e istgnce all

5 ~~ lard)imbitvdd bP tH (;:Q:e%éd’t ﬁlv&ut\éo\ﬁv - VVas

I .1 - 23 The evaluations results In the
above-descri bed tests are shown in Tables 3 to 7

every [ENJUSTRRIL MICAJHIMSTY]&DDWGN that the naked
corrosion reS|sE9nce %% %
ing to the present invention, a chemical
conversion-treated metal sheet excellent in the corrosion
10 resistance and adhesion of coating film and small in the
environmental load can be provided even without using a

chromium-containing film, which is industrially useful.




fil madhesion and coating filmcorrosion resistance
all 5 are inproved by the present invention.

[ | NDUSTRI AL APPLI CABI LI TY) According to the present
invention, a chem cal conversion-treated netal sheet
excellent in the corrosion 10 resistance and adhesion
of coating filmand small in the environnental | oad
can be provided even without usi Bus

chrom um containing film whi Ch"r‘S""I"ﬁdUStI‘I ally

useful . - 24 - Aghnical xomedsiain-treated metal sheet
convershiir 1§ 83 ofl mMElAl SHikAt tAl
sheet havi ng J{gfﬁd(at | east one sﬁyg trﬂereol%%sq; one surface

i nor gadft&r99¥ mn W@W%I@LWOW@@’F%W iSlashd dnogganic film is
$ilm cONpIingi AGnpraS i g Rias %O%Q'Ple%iqp%'ﬁ%n‘y ?ﬂg‘ o | Bdth of a

net al e and, a netal hydroxi de exclusive o
sai d f“feﬁﬂ Shtidenand aymetpd bydpogdde exclusive of Cr and

converﬁlm-ﬁﬂlaamt@qhgl Esheet as clainmed in claim1,

wherein th cong,% saiqd one or .10 both of a net aI
oxi de and ehf FB‘%F& CONXGr3ignytspakBremBiaddsheet as

on saicd afiident éxcllaime 19f wherdinThRechenteat of said one or

onve rea taI sheet, as
%%ereB%E?hgkcgnhggF oP*¢4P 3B oWe%BgtﬁegF°§l§ﬁtéP 50 atoms
oxi decanwogenbaakdhydr saidefiim88xaloslve 16£0F. nore

b d d f '

e, o3 SRy Bk R0l e o
wher efhaimedcbnt ehainf 1sawh|enai=n othe boohteft sofiesaid one or
oxi depapy 6f”§tﬁ%tgl’d6£ ﬁcg g%n@{r%f?/%%@fo@{lg Pasgs atoms

lson said filmexclusive o
convePEiBALE reased eRteaidhEbim exclusivedf Fany one

of claims 4.t0 Fre W&l 1 NSorsrett £1¥n -~ @feé:té&‘_lxﬁé’ﬂéjl sheet as

filmis froml atonfoto | ess than 60 at
chem%lz‘-lmg%%v’eﬁ‘ i I%r%at‘@%??\%%’hlt%ﬁnwt Qhisakd ione or

any dmtmfoleaum@tan :d}tsltdde iRl ? nném QWE%LQ:NJ.deA i3 90 atom%
szr" r s tost,o hem ca

converl'i‘lngnr“Z cé%tsaﬁ gféérm SXCIYsive ®f F-any one

0of clains 3l to 'Dhe \ni'esmejcmll h&:rnmﬁsﬁnin tfedtdd netiadl sheet as
i1 mdiS {ifediMs% A &q.mgsgi eﬁ Ch%&f qﬁl e content

conversion-treated me aI
one &f & dimsaid £ilp \Mselfmom dt atomdt to lesst thiant 60 atoms.
et al comgonentrh%f c%@hﬂ G @o“%rggtog—%r@g@ggeg’n%nglag%eet as

a bond to em cal conversion-trea
sheef gémed m any cne of claims 1 to 4, wherein the content

1 B of F-in-said-filmis from 3 atom¥ to 35 atoms:
7. The chemical conversion-treated metal sheet as
claimed in any one of claims 1 to 4, wherein the content
of F in said film is from 5 atom% to 30 atoms.
8. The chemical conversion-treated metal sheet as
30 claimed in any one of claims 1 to 7, wherein at least a
part of the metal component of said film has both a bond
to O and a bond to F,
9. The chemical conversion-treated metal sheet as
claimed in any one of claims 1 to B, wherein the metal
35 component of said film is one or more member selected
from the group consisting of Ti, 2r and Si.
10. The chemical conversion-treated metal sheet as



claimed in any one of clainms 1 to 8, wherein the netal
35 conponent of said filmis one or nore nenber
selected fromthe group consisting of Ti, Zr and Si.
10. The chem cal conversion-treated netal sheet as -
25 claimed in claim9, wherein $aiéd@ il mfurther
contains, as an additional elenent, one or nore

eIenentlsﬂh@@tQﬁ cﬁ@@ﬁ‘@hewﬁéQ%Rncgﬁiﬁsfkmﬁ 9Lr@E rAontains
Zn, Ni _and chertcal conversion-treated !

metal &Redf égdlfslepéin@élei“ﬁ“élrapﬂfaler mﬁéeeehemhet selected

cont enfrofn the gaddj tbgﬁghsghﬁ BE MB, SRid | s
such.that the Zn, antent Fromo 1 a rr?/f‘?onﬁqi and Co.

than 50 atoft-12T09nhgh %ﬂéﬁ?%aFOBBﬁ€§F§PDﬁr?¢%%@e@etal sheet as
¥et al sheémedsinctaatmdlo) chab81A0cRs ddntdher&E necitde

cont en O additi onal nt insadfilmis

such t ?EF%QSif i%ﬁﬁ% S?+§2§ii%tb%9§QQPI%ﬁéﬁt?ﬁﬁ]Zn

30 at o®entidnt The tfmm ecai a:wmerm Oled s et IEtM oms .

sheet as c|al e of clains 10 to

wher ei n thei? ent o#}XJt‘ﬁagi L L0 [ A 10121 R eqreer?é?ﬁgl“?@'saa]r gheet as
film islaiesd 1:51 tohleerint hied My clohvt ewtiedesidf rte kattilo taf the

e everor etondt Wlenkhy WE Sy 45.an5h, thap she AL

18

20

25

of cl WIS tie FIomtlendiontt o leww aitarof30t koms.
addi tional 164 engife idhesicd if Qd}q‘;%gﬁ_%%gt%%ag;%t I%%H:"sheet as

cont en |s from1 aton@bto ess
chem EaRiMERY s igdy. PReardd chedms Jedo 42, wheireds ithe

any onenQEan@EﬁﬁhéoaﬁaléionWﬁe%QbﬁehﬁeinCEQEQnEiQG{&s such
in said filmis suc -- Co-

he agﬁ % gg Melement
cont e f M9afBRASPFoIFedgomhlaatony §9- lesgt shan 30
16. ThtomReni cal conver3|on treated netal sheet as

cl ai ned |n Qnyngﬁ clal 10 to 15, wherein the
addi ti onal ~ér emeff F e@é?ﬁ FPRVRLS1gnpERAatedomgEat sheet as

or 30cbaihed bonanyoofeand elbmmd 10 Eo 13, wherein the
cpntent of the additional element in said film is such
that the Ni content is from 1 atom% to less than 30
atoms.
15. The chemical conversion-treated metal sheet as
claimed in any one of claims 10 to 14, wherein the
content of the additional element in said film is such

30

that-the-Co content-isfrom-i-atomt to lessthan 30
atoms,

16. The chemical conversion-treated metal sheet as
claimed in any one of claims 10 to 15, wherein the
additional element in said film has a bond to O or F or
both a bond to 0 and a bond to F.



