- 1 - CHEM CALLY TREATED METAL PLATE [ TECHNI CAL FI ELD| The present
invention relates to a chem cal conversion-treated netal sheet having a
smal | environnental |oad and an excellent corrosion resistance, which is
used for autonobiles, building materials, honeappliancesandel ectric

devi ces. [ BACKGROUND ART] In the netal shelet™ used for aut onmobil es, bui | di ng
10 materials, honme appliances and el ectric devices, a filmconprising a
chromi um oxi de is fornmed S | METAL RLATE) i npart excel |l ent
corrosion resistance owing to the self-repairing function of the chrom um
oxi de and therebggﬁﬂﬁggﬁg Lhe esign property and corrosion resistance.

Al so, 15at the c ) ronmate treatnent is applied as an undercoating
treatnment so as to efhanpeetsaet corveadiiom rediaseante. aHowewsral from t he

st andpoi nt of pr Lhg t V] et o equi red to
prevent the eIuf?%%g%%ggﬁrgﬁﬁgéggg%ﬁgﬂ ééggﬁﬁg% ? a éﬁ%%ﬁ%éﬁ? Qéﬁ#%ﬁ)
surface filsm f olopfenkanl extaddentr carramidey ceat stanag eahiehtisesadEant
using a chromat g, tEeALIRAL, i Ak Rg BGERAded, homea_gfl%e{dé%raﬁ&ezg@éﬂlsifcy
these requirenents, for exanple, a“resin chronate #? m obt ai ned by
conpoundi ng an 6EYaRFE-resin and a chronate has been proposed in Japanese
Unexam ned Patent 25 Publicati.on (Kokai) No. 5-230666. However, this

techni que has a @%ﬁg@@ﬁ@hg he el ution of chrom um oxi de can be decreased
but cannot be co nt ed. On the other hand, a treatnent t
echni que not usi ng In diromette lhahebtensatls bodexet apsll 1dmr rexidaiing,
Japanese exam : Pa k LQn okal -.29724 _di oses a
:meét hod of q@ oveﬂarrl%%(}t%g Sﬁe%lgﬁ'gs %ggtl ELéshf_JHr:?gc‘aél(u\;%vi %ﬁé%lt]fl\% nc?e;]:v olr2rcp£3er%’sianéﬁgrl{l
aqueous resin EROIGSLREGr Peraniyn oRédeils omacheaEbsmatagrBiaetcom Eaas ng

- 2 - conpound,tA iRpAFRhak8el PnANELAr IRl +HsSReESIEBl Bwshdi €. ciidowever,

this technique h a probl.em that altho t he corrosion resistance is
proved, |t He ARIESTOReOFLEHe FEOGE LY ToraiT AL RACE B FRSEYR

wher e severe Swoitkinng the apgsiged propertyAlusd,colapaieserdheézaanoed Datent
Publ i cati ( Kakai ENQF = (377 } S pdi.c.su reating agent
containinggtwo |§%§ 0 ?%ﬁ%’ﬁe%bg%%%%%gﬁhégﬁﬁgﬁk$%i%Eté%ﬁgﬁaéégﬁég?a
probl em t hat al¥Ke¥gvagadd AuR_EMEAT 0FO 18% Heo CTMATNS AiceCOAIrosaATbe
obtained, the GIJieFPke. MBSUSIANCE LR BRE SEdAGIRL Jngebtbhesty the

ci rcunst ances, th resent invention ﬁrOV|des cheni.cal_ conversion-treated
metal sheet- ex&Hd SN LERBTERFr 0&F oh® r BT SR ahE & SFH TEFa tPn BT E%gaR e N,
free from el uticdmtdbncbfoghuomane dexadel. STaldedquerittier, envichepmenimakréead.

[ DI SCLOSURE OF I resu ' ' ' t] i,ons to
sol ve the%§0abc§§gE é%%f?%égﬁ%}gﬁ?gﬁ%gﬁk%%e%¢é%géﬁqﬁ%%%ﬁ%%¥§§¥%£2§éﬁﬂ§§géded
in providing amaitwd siekeuséxgeh| ehronate hereamayyl g besingt dawended.
coating adhesion an@pféﬁ@éfré&"é%ﬂﬂéﬂ%ntﬁEsEhféﬁﬁﬂﬂﬁﬂéﬁﬂﬁ Ebffekﬁbﬁgeﬁﬂa
inorganic filmconpprising an _F-containing neta OXIge or netal hydroXxjde 25
ace. | nci dent aFf§t t%%?%&%ﬁﬂlmn%%w (P ECFBEHRAL RGO RirgeRetareSHe et
can be obt ai nedny dhppintige haEbetn Piegosicd tn Uapahiesg RGeMiSTiesObalt d10h

cont ai ni n al gne,or_as_a osite, 0 r e netal . jon.selected fromT
Con, zr 1o anduar Praflaf (EHREN AP s ok sor ittt PP SRR e nas

F- cont ai ni ng cenpt@xldmhhat thersllaticat oD dfrchimint orede arambeedeorédsedret al
ion, with the pkkof *HSF e I HriRgadj usted to 2 to 7, and if
desired, when a net% S 2@% ééﬁ??%#%ﬁ?t e surfgﬁe,thereof a phase differing

in the potential 35f»EReatherianing trgadmenstasingd cuSRsEsIYiag ppbrerater e
ion sel ected fliamMFden AlLsAddv@Nof¥l.i Ofor NexAmil &N pRricd® UheshapREdA N

t he above-describe aus ,sol utj on, . - 3,- high-quali chem cal
conversioﬁmtré%?%ﬁﬁ%égﬁﬁi%ﬂﬁ§%94x£¢a§§l§a§FTy1&ﬁg9§?ﬁpaﬁsﬁi¥§?ﬁeﬁ.mEthOd
That is, the giStcwferivey lesemtalnwdriatosursaas Wwakthowns fibhilyoprchethheal
conversion-tre t risi I ayik east
one surface th%} (;%W r]%%g'gln%l%%? gﬁni{ ﬁ%\ﬁ%@#ﬁ%ﬁ&%ﬁéﬁ% }éh? gF%P?@g%ifi I 'm
conpri sing as @roHRPTTEORIGNE® one or both of a netal oxide and a neta

hydr oxi de exclusive of C and the 10filmcontains F. (2) The chem cal
conversion-treated netal sheet as clained in (1) above, wherein the content
of said one or both of a netal oxide and a netal hydroxide is 50 atonfo or
nore based on said filmexclusive of F. 15(3) The chenica
conversion-treated netal sheet as clained in (1) above, wherein the
content of said one or both of a nmetal oxide and a netal hydroxide is 80
atonfo or nore based on said filmexclusive of F. (4) The chem ca
conversion-treated netal sheet as 20clainmed (1) above, wherein the content
of said one or both of a netal oxide and a netal hydroxide is 90 aton? or
nore based on said fil mexclusive of F. (5) The chem ca




(8) The chem cal conversion-treated netal sheet as clainmed in any
one of (1) to (7) above, wherein at |east 35a part of the netal conponent
of said filmhas both a bond to 0 and a bond to F. (9) The chem cal
conversion-treated netal sheet as - 4 - <claited in any one of (1) to (7)
above, wherein the nmetal conponent of said filmis one or rmre menber

sel ected fromthe group consjsti n of ‘Ti, Zr and Si The_ .
chemical conver S8R Eat édph%ah §RedPnadNgcRalVABEIT ‘F\l?fg?r%l% , Shhkfain

said film furtheloweerta nﬁ,lsas_eaﬂnaqut haaala 9'1:65@@&1 tl@eﬁ‘@ QItH@ughe&@EEnt
selected fromthe 11) The

%r oug consi, st ng I\/?
cheni cal conver §C6MOEH84t E8SASEEN §hé§t QErEVﬁijneHh?na‘#i%ﬁl%o‘?/% tki)\?lerel n

the content of ihatifgdedateenal ekenBBufENcsaht fhl Gés whEhe thabetde Zn
cont ent gjfrom 0. atorr%to lﬁé t han 50 at onfo (12) The chem cal

conversi o treaf"«gﬁ FBPalSsARR claimed in (10) or (11) above, wherein
the content of the addlsbj odapartesevhekamsned Patent spebChcdthbént heodhi)

15content is fr 1 a ess than_30 chem caI
conversion-trea (re)nd ms?gfﬂ/%hgé?c; S%?a??reﬁcfalgnf/uﬁﬁﬁc%féfel%Sl‘?% Cabove,
wherein the concentamhln@etwaddkim@snad:fehelm:me tcoushing fadents. sumlnm hat the

My content is f i I 2 chem cal
conver si on- trea’f’g gﬁ(?nf{%l et Fgéé%#%?nn% |ngg%l§g%%ue %?OC% f&;h% {ﬁs‘ipabove '
wherei n #Re contkatceitime materiahatar| beeobtainedi dtli¢ oorosieh that the -
N content is fromdatontl ondessaihan;af. (15) The cheni cal

conversion-treated netal sheet as alnmed 1n any one of (10) to (14) above,
‘wherein the content WAAeRLhRRR 1§ brrINEranes% | the apergentn invenfelrn hat t he
Co content is fpamilddd oPerdni@ss ddiafe B9 30aE Aefbed metaijsﬁi dtie_chem cal

conversion-treated tal sheet as claiped in any one of (10) to (15) above,
wherein the ado‘?”f?%ﬁefnteljéneqﬁ e GPEER IR | Fe TR AR AN FWONE or both a

bond to D5and aadigsshidro, Fradd fiReste Noghod o f GHiFothign Qitiddreaddvandi pn)
The chemi cal cony rsion-treated trTP];a]I[ sheet of the -5 present invention is
characteri zed by balhd B4 L?13e‘§'corrosi on resistance and adhesi on

of coating materlal freefromelution of chrom um oxide and small in the
envi ronment al E? 5characteristic features, in
t he present |nven |on el echmtI%nlerl n é:oltﬁ ing one or both of a netal

oxi de and a net al hy“d?r @(llﬂ@lﬁ(ll‘temé naftaarsm Iwési:mialozm(itde srliteheche

like") isgfor QRE SU ]ﬁ}%{]ﬁ and Fis
mcorporf& ed %ﬁéhe flc&tmeqp%,_%r Ocorfsﬁ’g{ g on e(f%qq%i‘ne nmet al

conponent in tF3GGEedecs gy ppydidiing t&q@%li (ﬂhﬁlﬁt ixaedd@mthg markhd ect ron
than oxygen 0 Rerdedild i iMRbalceC AHRONM: 13 aidwsqf&f @nd fidd®ird [ Mis

obt ai ned, as a resuylt, the corr05| on resi stance ,and adhesion to a coating

material 15ar e SidRCe@E chromipm oxides QyoForming an daandadiing B or
bot h of a met alcomplrdemlgd a@ Iﬁebahtb)idx&@gl tRtad Q)}dIQIeﬂ &Oﬁm&qﬂthydmﬁﬂsdé hat

t he rret OXI de an dI‘OXI e is nt ai in unt 50.atom %
or t he \F rmu% ]g'i mﬁ

m)re m)re prepeesedtadmuahtosaQﬂa&EaOIf%mrd nbva a:rlrdspafeﬂ:lad.ulsafde)t aef &y ed

anmopunt is 95 a e, unt cont ined. in._t mis
preferably froIr)ntg%ﬁ ﬁ?rﬁ& dl"éggnsng 6%&t 3&9‘?9 ﬁfegftqf’ﬁ’e a':I"lec?é’t‘r"ponent
content in thespilhhionfcohtaknéng;entflone lkesast taalmompaisart%, mmjfdn @icard
corrosion res'ﬁéégﬁehgﬁysﬁé&k&d %ane%i lifont h%xF i %ﬁ&t IS 1%9{ Vo or

nore, formation o e frimmrnly nmpfi §ing a oxX1 dé or ike is
i nhi bi t8d. TheCppbaéning ansunr both p§ T 3oat am% thc@ﬁtatinmg m@lex
preferably froms s omVabeasOrat o8 (PRLL! UhAL! ¥, PLELEr 2R ¥h3 HaAmo Lo 20
aton? In order to al ornatl on o irmfilTma enhancenent of
corrosion resik®ancel by ’tﬂh@ pHovE- ‘GlbscﬁQB@QuécSpdntQDaneﬂne @stials tekdenent
in the film predesably; haéné?oif @é??@&d WRel 8t R ﬁﬂdsf\eg‘ﬁnﬂaﬁn gom In
the present invention ornmed on the surface of a netal gheet
preferably conph® s%,%r%ﬁlﬁe "Fh%?e“ﬁth a phasgf daﬁf@xnag idndthenpetexitdelof Si,

Ti or 735 Thespordd®lby 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



oxides and the |like may be used individually or in conbination of two or
nore thereof. The reason why Si, Ti and Zr are selected as the netal
conponent of the filmis because the netal oxide or the |like thereof can
forma filmon the nmetal sheet surface at -a3j ow cost and the filmis
excellent in the corrosion resistance and adhesion to the netal sheet. In
order to all ow Qr fornﬁtl on of firmfilmand enhancenent of corrosion
10r esi st ance, SPIIRIPRLIZEY] ShppéfralapPyveEnter e eat#dvBe bt shedorei o 0
and a bond to Fblenetal@elﬁzl bAY simplyFupthers®re, in the present invention,
the filmconprising QFe above- ﬂescrl bed_F-containing netal oxide or the
like preferably contaf'A§, 8¢ FRE 988FtPHnEIe 1BREEFRN LD BN NoT %1 enent
sel ected from ZfiplAbwsMy, NI and Co. The content of the additional elenent
is preferagbply such tgm % !25 fro 0.1 atonoto | ess than 50 atonty nore
preferably from 1 at ons 8“%1?‘3 FORTCF LR T2 LROME D 18 han 30
aton?y nore pret:empbkyln’lgom 2682 at ohdet ch2ired coatildsst rare Isptrda to
| ess than 30 at pr ef er abl rom 1 at onfo 15, at onfh is from1l
aton®to |ess tg %gPa%l }loﬁ%‘?’%l%r% ’ab‘f@e’ﬁld}nt%eatquad”l% H8hehS and
Cois from1l at@n%llo temprisang 30s ad an@hn nmomp @raafteratd yoof rbamhl ot enPo t o
15 atonfe Such 411 e the met heet d the
filmand if theﬂ%%%%/e&e%f#%eé%%fA_ergé?]l'éeggrgf(#blﬂlt%e és}lpcem 16 O?]%argzS e, ri%atq"
ef fect oft0i nprofiHy cemeabthe®i on may not be obtai ned, whereas |f added
e ot Ot S o) VI AR Ve d S e &Oedaeéee&'r@@ah' e W

e pro ilm

corrosion resistance or increase int uction cost.
‘the additional €t&iRed i phlefabeis y Hrazadm the entsdg eafofsau@l r@gleb@mjed

to 0 or F or bawigd 40 Potdr D adide ddiata ineradD H@Mﬁ%@‘tié o he @ m of

35either Zn-0 or_2Zn-F %)r in both of these bond| ng fornmns IS present in

the form of ei tHeMAL PHFENUF Hid £idat BreHl usidse %cor?‘dl ng forms, My is

present 1% the form((ﬁ‘ The/ chetildaar d&ﬂn&r@xdﬁ@t’ié&rtddﬁ n@ttafl %fhefel%e%%
bondi ng forns, I\_ll r.ese t)lnthef erf ither N -0 Ni -F or in both

of these bonding aflg'r 1t ) cF Ry S e FPSRNs °eq SR €520 G
Co-F or in bot fodfh tofese redrdi rmgu.fdmr ramd aThetallemmmdléed.semh atamsbe
stably present il h ondi ng form and the corrosion
resi stance of tdrﬁn%t%arbassh@ecgié r&?eﬁgﬁhae%cg&swe fo‘l'ar?e chemi cal

conver si on-treat ed rf'ét)aﬂ‘hs‘;he?éltemfcatlh@omegenpm—m\remtiedn miegadotsheartt asul arl y
limteddg i tSciQEFn%@UQH')OEb@S%hO% g‘elﬁnghgs Bnlle 'n‘E‘ ?f' ‘é%ti&ﬂr %n%p%%' fied in
the present invention can tai ne Be© vapor phase
process such a¥°§Buftefi ﬁ’@téﬂdoxe\i@ éndpy &le§éI1 Qe’ﬁrsﬂééi@sésw%elaﬁwmﬁpl oyed
as the product anmBEéhBQs@H 3R axiderhiiliMext?As39e bF Ehe production of the
chem cal conversi on- nmetal _sheet of the present invention, when a

liqui d phase dep05|{ E?OEB§§1G§#n5°§H35ﬁHQBU§r§6FGﬁ|Bﬁtéﬂ gheetcafpound

such as fl uor oemaméeX1noanysOn§edf the pooqust hpBvEPSkheaeihethrde | ow
ensi ve .vacuum evacuati on _systemrequjred in

because f no e _of an 2
the va pha_ggm; ‘E% fartHef mbMelSt AECReAsGFETFoFOt RESForRAR 8 of

voi ds | n the fatcmn%esul ting fromgeneration of volatile corrponents in the
firing step, which informng afilmb SO i s_not
necessary. 25 ILi SL@@g%ﬁeerﬁrﬁ CE?effﬂﬁ?’fﬁho%( ﬁﬁ?akﬁﬁ 895 E‘?F’Foﬁs
process, the f¢ladimed nbnl amytbeesoff 4tk bd (Hp ahevepawheﬂaiar shen treated
met al sheet of e Vv o] [ c
structure wher eégl?errrg% atffré‘s JbﬁI %ﬁ%& ?%%Rg%/ggﬁémB& %93‘35 8 g&“ﬁese
basic udfts are bontd The e@@%mhbrq:oramlram-tneatednmebaﬂ.asheet: ashe
basic units are Afayet togdi ¥ a?geﬂf)e tf'él Tgngo,ggt hﬁg {-Q{yPEQduci ng the
ta ee

chem cal conversion- treat e)g esent Tnvention by the
35above- descr Bt A %W&@Moﬁilmoiﬁ pfmfes% %l’SfDm@ o éauequ%fl uori ne
conpound sol ution i)degs ihad, cpupound
where a netal - 8 (fs)el enent aslﬁgvé%%nent g‘fsré%él(? rﬁ@t%ﬁhdéﬁegt 8P
conpounded i s Sedieced e &F tHY theatThgkover i Wherabreat least

speci fi3Rl |y, aaplar@aldMe ROWRAYS SUMDUhE€ UE addH 01051 Bih 0NEs ol &
conposi te, nore netal elenent 5selected fromTi 1on, Zr 1on and Si

i on and contagﬁpﬂgtBnQ 60 BB £9 dhr and F- contai ni ng conpl ex ion at a
mol ar ratio of 6.5 (Bi) MhOCHERIZAI0 ddit R idn-10edfeddiditd £dsfiQe@ P4 Of 2
to 7 and if desired, one or nore ion selected fromZn ion, A ion, M ion,
Ni ion and Co 10ion is added alone or as a conposite to the aqueous
solution to prepare a treating solution. Wien a netal sheet to be treated
is dipped in this treating solution, at |east one reaction out of the
consunption of F ion and the reduction of Hion takes 15pl ace, a reaction
of converting a netal ion into a netal oxide or the |like proceeds, and the




20zi nc-al um num al l oy plating sheet, local cells are fornmed between the
phases, as a result, the F ion consunption reaction and Hion reduction
reaction efficiently occur and the deposition rate increases. In addition
to such nere dipping, when the netal sheet_t@ be treated is 2-5
--shert---e-i-roulted-w -tir-anetat-ndteLi-al-baviny4 -standLd el ectrode
potential | ower than t hat of the netal sheet an anode reaction takes place

only on the met A1t ildl AKiMG £1 ) st&ndde d 2BrEEr r BRELpbR ehbe aFe 4Rd

t her ef or e, the m@or@ﬂtdemrsatﬂae fiilke igaBnbe o e raf hiefbent by¥130degosi td
on the netal Al so, when an i,nsql uble nateri al and a netal sheet to

be treated are Eerﬁﬁe&hien TP NS I3E4 081 BEd Ty e&ti A§9sShuti on and a

hydrogen ion reducti qnonegeid @meheceaus:edvte@s@bece.eeaeedtJﬂetgrteheébeeg
while contyolli ng t.he |nsoL¢5 le. materi to 35un ert. ke an anodi ¢ reaction

and the netal Meg dhddrt aR@OY Seatt Sdle&nr 8adf mt hBrbRPRecEptains,
hydr oxi de can besdapoaldtidtdldn'raheelremlensheehedue In@r@l evahknd o&lébeed- 9 -
interface pH aI ress of .the reduction teagtiop, By,controlling

t he hydr ogen generatl n Iggggpl GR1ShGtERE 8? ﬁti%i 2 f @er ’é@e PH wi t hi n
the range of not inhi(Bildi Myet blefikamf ooméremdnt-bEeEdeﬂométhDnslﬁ@e’e &an be
i ncreased. As f cons i 0 al um num
ion for form nggﬁ.ag{ﬂg Igﬂf:{ggﬁ go%y %HQE {;ﬁQ ?ﬁggggga nghsol ution.
Wien t he }§ot ent pdflif$opant rdkmedtt dnanabsit énlmois nsuchr £hgt nghabbut

deposi tion reackhaRehBhibl kLR BUe LeodPOEYeIallopngh BydipgRn. oas,
uni formfilmcan formed wt masﬂ e con potentlal
:can be facilitat ed b{/lget Thﬁgcb‘ﬁ@lﬁél hC'@W@eSh‘hnaﬁ‘ep@@b%daﬂ%t¢hrﬁj'e991be«%ause

if the pH of theldigadi ng %prtben(mtaeodrew,w@eféﬂﬁf@t'-ﬂé SYHELIEE the
reduction reaction readll 150ccurs. In other words, the dep05|t|on rate

can be i ncreasedByt %%?}oﬂ‘?‘i‘\%“'f—henm%%g%hl@eh%r%{%?hgtlﬂéﬁcﬁﬁ%rﬁ

Thereforgs the grhtdnt hest Feahi NdatOMYtEOM &Ss agharst 26 é@orz%to 7. I'n an
aqueous sol ution vvhe ]ﬁ%%rre,ﬁh? ion and. fluorine 20ion in

(g a]n ratio of 4
times or more to the o‘r\h%ﬂ”ecﬁ SUTEED HEF St/ B3 h ShPelqudus
sol uti on cont ai eiadged (:mrpakw cbmm @f)an(I))snttg aletsbovand dhagimecida a

nol ar ratio of the U|I|br| reactio

i nvol ving the f(fAfouorélFﬁg cl%on allr%%equf hlgn n%?’aﬁi i 55 sue

4- en- and- - one- drhdjottthe dig mdxerde mdfzaom hly drtoomElet o AbedhetHdruadd ne ion or
hydrogempgon i syicppsumed or reduced, a reaction of converting the metal ion
into one or both of an oxide and a hydr oxi de proceeds. In this reaction,
when the F ion contdtd)i Fsotahers o naiar treatrd ettt s shiands an

more the. contemﬂaqﬁnetdﬁqmra} driof haLdy QD {13t %{%é Nh 5 PreOt h of
an oxide and a h (%{el%)g and a bond connecting the metal 1on to at om and
é alt

a bond connect iG% R R td oedmedanaset gy it d i S 1sachesThe

deposi tl on ver )thSﬂtO\MhXé mioerederanlis Brdrha ey it fsdivhimnad he net al
sheet e tre e in a treating solution, but when an insol ubl e el ectrode

is - di p n the treating solution and a cathode overvol t age of
several rTV to hundr éd$)ofTheV chendpll %dv@mlwbﬁﬁa&d)mewlckﬂdﬁ R al

oxide or the I L t ed to epQ@sition.rat

remar kabl y mcrggsg : Ag %{‘S{ r?gqu’ Vel Hm &%@oﬁf #heh %'3 %&gned on

t he surface of cohéentt alf $heeaddath@n1aﬂeaﬂedzentthdmgrsaa.dufdﬂmgdm gah S
generated. |f p f ~th i I t|o d e Iovver SO as
to accelerate %ﬁgt gtr]lgr altzbl gﬁkrggﬁtth:i% E%SHI gltloﬁﬁ% %Q’ ﬁ‘ %%ntt %‘ d or a
10fi | m B&vi ng atewh-uni formthi ckness or a poor adhe5| ve strength may
result. Fromthese [ o] I s preferably
from2 to 7, nore prg grgEFyEprgrg%@ 85%%:3?:}5?3%1 @.Q‘ﬁ%%fe'é{ I%“%Qtarlea e%ft a3
solution is | e@kaimgd in ang fDnErrpfor(&rﬁﬂl ofe] |(§5ﬂea@10|ve 1 Sihelrieldint @dedue to
gener ation of m@i@ﬂ@ﬁaf”@lé@@nﬁ%ﬁ”%h?ﬁ ﬁ%fﬂr Ak of Or p3AUNd of bl @ f @ Eation
becones difficult, whereas I e treating solution exceeds 7,

the sol ution iRO%hst PR ofoaf aggréghﬂednﬁ9 Be dep05| td to give an

i nsuffiggent adhesive strength. 20If the nolar ratio of fluorine ion to the
metal ion in Ehe treating solution is less than 4 tinmes, a filmmay not be
depositd or if Restodiade yCRrEYiRg @ytskhei Rgvensimdlar ratio of
fluorine ion to theHet@ehmDPal NcbRets et pPs0LHL h@ﬂa&osﬁeétt bFegnher

nore, the fluorine ion -25ining -s olut-i-on-i-s-taken-in to -a-n -oxi-de-o0
f-the filmin the process of depositing the filmand a fluorine-containing
filmconprising one or both of a netal oxide and a netal hydroxide is
formed. The netal sheet to which the present invention is 30applied is not
particularly limted but, for exanple, the present invention can be used
for enhancing the corrosion resistance of a steel sheet, a stainless steel



15 plated steel sheet, Zn-Al-My-Si alloy-plated steel sheet, A -S

all oy-pl ated sheet and Al -Zn-Si alloy-plated sheet. Al so, coating may be
applied to the chem cal conversion-treated netal sheet of the present

i nvention. 20[ Exanpl e] The present invention is described in greater
detail below by referring to Exanple, but the present invention is not
limted to this Exanple. The netal sheet used were hot-dig %alvanized_steel
25sheet _cpl at PRGSEHNeiNYGELANOFNCRAFREEBEIZ2S900Y ARPANY aRtiCe St 8 hI d8s
steel sheet (S(ih304brrasdohhecBetahngheghdhavhegien bhecsaringe thereof a
phase differing in the potentiEI use? were a_hof-di p 55% Al-43. %)Zn-i.G%)
Si all oy-pl at ed™8tEE2dhe LR EPTNGLEEYBRaGE CRTBBE RN 3BELTE a2RS: SBY

g/ n2), a Zn- ngﬁAltB%f) Nﬁv@rag(%@h’/caU @Magpl atﬁfloﬁa@el t§|hfae[baf@| amé?@
coverage @n both.,surfaces: 1 and, an um num al | oy sheet (JIS.A
5005 CAL-Mh typEfFTaPREELShitar Cehubes. aih HAR BEFAFRREnbeYeBfTene At Llich
nmetal sheet sanmpkénhgscsuppesing bneasrab&ahi oB5degeeasi ogide eabdeat and
then to the tes scri,bed. hel ow. A. netal oxi ng_a tal _hydroxide were
formed on - 1ohetEEeRbtPpRidE, MMerti REERar *Sable@Dra nfFafl o fiE gt ‘End

process. Ihkefieasiﬁg;medu@hooseusedﬁagethe bogi suphases ppHcass were
san aqueous 0. 1,0pL4 Lsagupnk im P%{%@ﬁﬁbﬁ&é&eﬁﬁ&U{w”ﬂix{l?att@%s
an aqueous 0.1 no armoni um hexafT uorotitanate

solution (1)),

sol uti onlgt r eat FAgssdenedobhg) § bonded to the metabueengoment ndh/the

ammoni um hexaf | go1,z} & C@Qasﬁg&PSﬂ% %ﬁgn%éﬁigﬁte,flgwf&wé&ﬂnﬁa relectrén
) mol / L exa

m xed aqueous sol ution of an™ aqueous anmoni um | uorotitanate
‘sol ution and antRamed¥goen 08 bended arprorienmdlexhf FePYRns cad sol ution

(treating sol utigréfdde, 1DarMxed AOLLOLS SOLAHALD, s o BEBIEDHS OrdS
nol /L amroni um hexafl uorotitanate sol ution and an aqueous 0.05 nol /L

anmoni um hexaf | TR BT I QbR SARET ARG t3RFHYP P A | AT et ¢x 3@ H
aqueous 38l uti car®festiaepeous 0. 05 nol /L 20ammoni um hexaf | uor ozi r conat e
sol ution and an aquequs 0,05 nol /L amop; n1hexafJuorosiIicatqﬁa&iqﬁéon
(treating sol ution %%)3 srpression 5t g RS Ut TR BF AR hleots
0. 03 nol /L amomtah hexadd unrdtd tresad e spdadtiode @ aqueluscédumhent”
25--nol | -L-ait i -af -1.-uorq-stlf . aqueous 0.03
nol / L anmoni umlh%éexa Ituﬁoj‘i[rrt::)gtlﬁ}eg(§nngattagL s°§fluc1ie% oalnnc?tr[?eegﬂ lr?l ciskocﬂ{}td?%nr& 7)), a
m xed aqueous g@inkadigredfimmmgueoirds @I Yblatom $ or mowmmlimhe film
hexaf | u sili |44 Igon ; i ot lde

@St | Al RO Ie ?{g)ﬁgamm S04 Srfbuble YUY Lo ddie S 1S

solution (treating ion aqueous sol uti1on of an agueous

0.1 nol /L amoMh meedfanradancaidt dsAUdteantame arrishs 0. 01 ol /L

zinc chloride gRiniicen {iherate SAUERMAD))s F5 HedHh agueRise sol ution of
an aqueous 0.1 nol/ 35annnniun1hexafluonozngonate sol.uti,on and_ an gqueous

L )
0.01 nol /L zinc chl dBed&meyntt i9dn B G INES dtuthiith 114d) 1S PERE&FRRNeous
sol ution of anfagueduatdmd AR Nless thar aMmEyBmMyNiexafinpraSidHeat e

solutio nd an _aqueous 0.0 | /,L nesi.um ¢ ri.de solution (treating
sl UtT oY T1)) TR E s Lo BT o et S S TS S o

hexaf | uorotit atabe doktbmdn dneudfiadesducddrdk i /desirgrericumeghl ori de

solution (treati ol ution_(12)) aJm.x uequ | ut j.on. of aqueous
o1 ol L R Ra bt S D e GO A S o e 0. 01
10mol /L magnesifommeklioni o sbeufidm (aiedlyi mgmpolistiingn a 180l oxide omi xed
aqueous sol uti pRc0f 138 3UTANSHY LTl A FIRHUPREXALIY O ¢ 63 0
sol ution and an aquéeous 0. nol "um num chl ori de sol ution
(treati A§ sol uetem®16¢013%) atamki xmdreqeeeds radlyt ifomenofs atordudouss®. 1
mol / L 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



ammoni um hexaf | uorotitanate solution and an aqueous 0.01 nol/L al um num
chloride solution (treating solution (15)), 20a m xed aqueous sol ution of
an aqueous 0.1 nol/L amoni um hexafl uorozirconate sol uti on and an aqueous
0.01 nol/L al um num chl oride solution (treatgng solution (16)), a m xed
aqueous sol ution of an aqueous 0.1 nol/L 25 _anunani um hexaf -l uorote--s
elution -and -an -aqueouys. nol/L nickel chloride solution (treatin

. . g
solution (17)), °f ah @xifgedndqaebYS o5 HEI 8 of/ ahlaflieblis oTRSHDITEtal
anmoni um hexaf | ugieldst apat € heoh WkkORagndeansaguenysvOd@dl mpl 6 phckel
chl oride solution (treating solution §18)) 30a 'xe? aqueous so] ution of
an aqueous 0.1 InaiBRi G KERaPFuBPEZi FBEREPE: sof it i bAPSRY %RY atheous
0.01 nol /L nickali cahkjozh:daréobauia@ﬂeelt /éeathagméawt]&:@n?fﬁ@aﬁ,of the &aibkxed
aqueous sqlution of an aquepus 0,1 nol /L ammopju xaf l uorosilicate
sol ution g%d anlgqgggﬁgsg.g§63§ﬁBF}L°§6 8I?rcﬂ$%P}ﬂgeng%¥?%ﬁ f??e%??ﬂga
solution (20)), film oa nhxeflecaglieshsesokbukfanecofitan howeowst Oaddnohé L
anmoni um hexaf | ygroti.t anate,sol ution_and an_aqueous 0.01 - 14 - nol/L
Cobal t chl of | de a8ut PorCer 3PP n o Bt PER=OS19™) TRk 375 2l aqueous
sol ution of an adbeedsnOtd hbk/hebatoahaathexdf| ovdeziteconhlewshduti on and
an aqueous 0.01 L _copal . chl ot i de Iyt ti i (22)).
The treating sofggﬁéégoﬁlgﬁtglfg)9&%ﬁea§§j%é¥%§0%§éﬁgi%ﬁgcig#ﬁéigﬂnonium
fluoridelfnd fureRéstantedeSireBi hydiofiaoprefarablyrrendeosd tembava in
t he aqueous hexgflyoL OpGQFPLEXsSRLE §0$5530905ﬁcfht{ﬁg fpgp ol ar 10ratio of
metal to entire fluorine was about 1:6.5 and the pH was about 3. The
‘treating solutions (Byrékermoyenete blipusresenaf ikyeRiiphg the EhlBride to
the aqueous hexabhppis: £QMPhEXaSS)E-§OLEEI08 BYCHRE D Vi | MG AP dld)
fluoride and further, if desired Qggrofluorlc 15aci d or gﬂﬁgous ammoni a

such that the nBFaFR¢atile Frekess eCPREA BPS heB&i f FRraf Pedlsalt to

ent i Ire Ltwor.i nee]é\@&eﬂ'gp_blﬁnéh@r %@f@_ér@n@l:rtwél@cbmdd B:;qr}iamh,f dey el\lwc@.edtyl%I
metal sheet was_dipped ijnp the treating sol ution an m of netal oxide
and metal 20hyd?d%i @@ wa ?o?%*ﬁe'gm ¢ etkr‘r%t%‘f‘g’sthje aﬁye HH i 5

el ectrol ysi s uspngfarg ki sweh ashdtheZicolnt Eroel @cl radent Tiee Iessn tloamado on
was perfornmed mte r 1 nut ol t rrent
donsi Ty to 100 teTEhp MOLE drPLtE Y Priho SRt EPTES Ruof¥ A8 £bT0
washed 25wit h- V@I@Tl-b_rﬁi;m%.ﬂq sla$s et n%ﬂ) esm%mm@nmmfwaw ufrons

(1) to (70, therfduigid NS, AN dibiddle d P! Aom SPIAARD UBSIdSkePndst S0 an
oxide of the filmin the process of ositing the filmand a .

f1 uori ne- cont ai e mtene o efe b et Bromykrabaife 9 13 oMb fBH. 1% n t he
30 sanpl es usi ngrdni eRtdtignP AT ifn 0 (ZFons | o reiple forang £a@ri ne
ion in the mxed agueous s%{utlo were taken ipto the f|In1anqla nmet.al

oxi de or netal *h de© f} rﬁtt%‘%ifaiarﬁ%gc%r?% 1% ohAtWMe LSt FRRr i ne

were formed. 35% dtwmy,henddeymasRo Ay of 1o S00A ond . A0 1 -t difd Si Such

al loy-plgted steel .,sheet and Zn-11% Al-3% My-0.2% Si, alloy-plated steel
heot i S T T e M alaet 60 T (SHIATCE S e T e B g

process of di ppiheg rete lnathaletshert the tihieln raast (i) tdod Wormbrer{tl )thd@BoDr (3)

for 7 mnutes d-after . filmfornati.qn, r-washin dr v

this case, a rrgtrgall%c%ﬁ &Qa& @P& ﬁ%%eo%qei’l ﬁea\%fﬁlﬂ;edﬁtakge%%é%‘f%

the fluorine i dhe rdhesioreatiyngoolha iabtainedy ntetedoit@ddetdred. to
have di ssol ved to, formati f I I -‘y%s ; m:-'t% For the

pur pose of corrgggrﬁltessglrﬁe%?’f’i ?%rkﬁq%ortr%&hgiyné onlaybo'lg%cé', |C€2"Q°{)r Zr02 was forned
on the @ al skeseripratiospoift dhengFqurursisy yEsiEtSiEE on dneream®2ins

the target, re%ﬂ%cgr\‘ﬁ'ulétion costnese filnms formed by the above-described

| iquid phase proceSs or vapor phase process each was subjected to
determ nation of amBintBeofidmembdes aslstttdioned iedement1 sy Heferakl K- r ay

photoel ectric ppeskheS¢AP¥heAb®atel RE being bonded to O or F or bonded
to both 0 and F, that is, Zn is present in the form of

35 either Zn-0 or Zn-F or in both of these bonding forms, Al
is present in the form of either A1-0 or Al-F or in both
of these bonding forms, Mg is present in the form of



bonded state of the additional elenents in the filmwas estimted fromthe
chem cal shift on the photoelectric spectrumof each el enent determ ned by
the X-ray photoel ectric spectroscopy. Furthernore, nmetal atonms, F 20 atom
0 atom and peripheral fine structure were -exam ned by the XAFS (X-ray

absorption fine-structures) nethod and each bonded state was estimted. Qut
of the thus-produi%%g%[ various chem cal conversion-treated netal sheets, the

€ SRS O Moshuerdiip §atPdRiEzEBESeePOREEPIVAST BT Al At ed

naked corrosion ™ _ :
by perform ng a icopirdaeauts isaltheSFoah bestikaerSRQ-boyrsyaceonrdi g H9tdl S Z
2371. The rust qﬁg%rated was, .rated AA when the white rust generation ratio
was 5% or |ess, (-5 S8 BARE "oh & OFfiSe e 2PAs£ogdfiePAEF8NFalNothasE30Rr 8f 5%
todlo% o& les\?vh eriajhﬁd %avxh@m che rr o¢ ﬁusbogan@fatheaer@bhﬁiﬂ@Sfé%égr :ess,
and rate t red rust, generation ratio was nore than 5% Sanples
fated BB OF higHOP CARNCHERe 008G 8 GB0dan COReP L ABLYI DERSERG hbr EhAof 11N
subj ected to théyetakiay enchf andkadingcaerasann tRei sbapeeiby a continuous
salt spray test ecause th tal sheets themselves h ood corrosion
osi stancs. - pettsRuRRe! AF PR het ATt LRl TR oS SRBATEET

conversi on-treated nBhel chkadétaleachveasiconatedatiademethe shébowbfgthe
conditions to o] | .sh . FlLILs N, epoxy: based priper
coating naterigpggﬁgggtﬁggg ggéﬁ %% §§#p85%£#%%%3 t?ﬁ%épﬁﬁkfy hé?ng a
chromat elf0r ee rpsPduptéornmebogi gaehongass caaf blinast thetpre nepechiit eédg

e Soryobf FhETbEBLEkDess Bhe Polf 80 RUTSBEL n0ET 200 2y g

nol ecul ar pol yest er-based coati ng mat pf o
"Fi ne Coatings 1PROFUGedaRY caavapor ophasie yPFeeess hiurhedss apullteninghenra

coated netal sheebsomesp gv%ﬁﬁilﬁ%éggs CRREd Y SRbES{&h aghgsdon and

corrosion resistance upder th ow ng conditions.” 1) Coating Mteri al
Adhesi on 15The RFeACtb3t e8ehe?dl oSt OptduEkHiby t he above- descri bed

nmet hod was dipped i rabos) i 1Y Wed eprdDicOlom sEitEse JNEHESAT efonEd OSBEHL S
were formed thereon according to the_crosscut test, nmetho descrlrgoead in JIS

K 5400 and furtNer> 5 EPY ehs e ocRE st it Presftiasi A FEen - J00e
pressur e- sensi tliguadhdsive dapes{tchdd qpbwdesd apel iy ot cagh dyu N 6l bsto0. |

Ltd.) was |am e ocessed part. and then sw fil eel ed, of f. by
bul 1 g 1t o Thet SRR RS 40 bihio ATk fom B eteding
crosscuts out dfrddrtiessmes oms mommsda. lFhdRXFathessDmaasseva i ed on
a 5-sta scal ,M-' i i i ML 4 Ny T

scores 8%03 oreehi gherlq}m%%eatc%aurﬁg%v %ﬁﬂplﬁﬁg&%ﬁ%%%%&nea%fiﬂaﬁp
Criteria of CodNaRf mesass mthesiuntBawwymelihy eamutedan by atio of
less than 5% 3 fRaelad oif @ Mildy ofn 2%d Cfﬂl?@f%é?mrti%@%&dﬂ?%é?%oﬁfﬁ%ﬂ atio

of 20%to |less than_70%.1 Peeled area ratio o 0% or nore

Corrosi on Resi &faf@dafdde SOAPLARNLS gy L¢adhidg norsteR ohich Qamss t est
was - 17 - prdpafeetriyngC e tHine Hie o isyll-g@nd grefdes@it i@t IR GRedIHG AN

consi sting of itcinuayli p@a@? algp@@ti&(ildm ?ﬁﬁﬁﬂth&ggimﬁﬁdﬁﬁu;wﬁ)&hs The
ki mum bl | 5t of "REAER. PRomens BU Cka CPATE “APr TASAbA ARYA) STRBC At os
were rated on &hs-pragenscahgeatdondicompird sklse thlei dasi onivditilt draivieg a
10shown in Tabkera-2ndeShREER Q' mdcdl RsOBRLAYE GitAMKEYqARs PaSSEd”. Table
30 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
35 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



Score Rating Criteria of Corrosion Resistance LOcr ("1 (Nr-1 No blister
Maxi mum blister width of less than 3 mm Maxi num blister width of 3 mmto
| ess than Maxi num blister width of 5 mMmmto |ess than Maxi num blister w dth
of 7 mMmor nore 5 mMm 7 nm Sanmpl es p&ssed both the coating materia

adhesion test and the corrosion resistance test were judged good. - 18 - |
t_ 1 no-nue/ az/

nvention | InoPdSarBET5 B RREPRETT et quaRT T DoTHaA =S (P Re
nor znanui | nventBoprépated and usedpasseite passadipasse piamsed Mpassed
I passed I passedgpecificaliy, a treating aqueous solution containing,
alone or as a composite, one or more metal element
5 selected from Ti ion, Zr ion and Si ion and 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 is
adjusted to a pH of 2 to 7 and if desired, one or more
ion selected from Zn ion, Al ion, Mg ion, Ni ion and Co
10 ion is added alone or as a composite to the agueous
solution to prepare a treating solution.

When a metal sheet to be treated is dipped in this
treating solution, at least one reaction out of the
consumption of F ion and the reduction of H ion takes

15 place, a reaction of converting a metal ion into a metal
oxide or the like proceeds, and the metal oxide or the
like deposit on the metal sheet surface. When the metal
sheet to be treated has on the surface thereof a phase
differing in the potential, such as aluminum alloy or

20 zinc-aluminum alloy plating sheet, local cells are formed
between the phases, as a result, the F ion consumption
reaction and H ion reduction reaction efficiently occur
and the deposition rate increases. In addition to such
mere dipping, when the metal sheet to be treated is

~——28-———shert-ecircuited with-a-metal material having a standard
electrode potential lower than that of the metal sheet,
an anode 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

30 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

35 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




| passed | passed | passed | passed |passed |passed |Ipassed |Ipassed -- - 1 ---
KvAac' AW ," not passed | passed passed passed 1 passed passed

passed passed passed passed passed passed passed passed passed pebueu }GU
nfle, 4,4 not passed 1 | BB -9

interface pH along the progress of the reduction
reaction. By controlling the hydrogen generating
reaction and the elevation of interface pH within the
range of not inhibiting the film formation, the
5 deposition rate can be increased. As for the consumption
of fluorine ion, boron ion or aluminum ion for forming a
stable fluoride may be added to the treating solution.
When the potential is controlled to an extent of not
bringing about deposition reaction inhibition due to
10 generation of hydrogen gas, a uniform film can be formed
within a short time. The control of potential can be
facilitated by setting the bath pH to an appropriate
range, because if the pH of the treating solution is too
low, a vigorous hydrogen reduction reaction readily
15 occurs. In other words, the deposition rate can be
increased by controlling the hydrogen generating
reaction. Therefore, the pH of the treating solution is
adjusted to 2 to 7.
In an agqueous solution where metal ion and fluorine
20 ion in a molar ratio of 4 times or more to the metal ion
are present together, and/or in an aqueous solution
containing a complex ion comprising a metal ‘and fluorine
in a molar ratio of 4 times or more to the metal, an
equilibrium reaction involving the fluorine ion occurs

——d5———between—the—metal—ien—-and one or—both-of anoxideanda——

hydroxide. As the fluorine ion or hydrogen ion is
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

30 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.

35 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
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dipped in the treating solution and a cathode overvoltage
of several mV to hundreds of mvV is applied to a substrate
on-which the metal oxide or the like are intended to
deposit, the deposition rate is remarkably increased. At
this time, a very homogeneous film is formed on the
surface of the metal sheet to be treated, though a
hydrogen gas is generated. If the pH of the treating
solution is rendered to be lower so as to accelerate the
generation of this gas, a film may not be formed or a
film having a non-uniform thickness or a poor adhesive
strength may result. From these reasons, the pH of the
treating solution is preferably from 2 to 7, more
preferably from 3 to 4. If the pH of the treating
solution is less than 2, the film formation is readily
inhibited due to generation of hydrogen and the potential
control for sound film formation becomes difficult,
whereas if the pH of the treating solution exceeds 7, the
solution is unstable or an aggregate may be depositd to

give an insufficient adhesive strength.
If the molar ratio of fluorine ion to the metal ion

in the treating solution is less than 4 times, a film may
not be depositd or if depositd, very little. By setting
the molar ratio of fluorine ion to the metal ion in the

treating solution to 6.5 times or more, the fluorine ion

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
applied is not particularly limited but, for example, the
present 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. BAlso, when the film is used as
an undercoating film of a coated steel sheet and the
like, the corrosion resistance and the adhesion between

resin and metal can be enhanced.
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Examples of the stainless steel sheet include
ferrite stainless steel sheet, martensite stainless steel
sheet and austenite stainless steel sheet. Examples of
the aluminum sheet and aluminum alloy sheet include
JIS1000 series (pure Al type}, JIS2000 series (Al-Cu
type), JIS3000 series (Al-Mn type), JIS4000 series (Al-Si
type}, JIS5000 series (Al-Mg type), JIS6000 series (Al-
Mg-Si type) and JIS7000 series (Al-Zn type). Examples of
the plated steel sheet include Zn-plated steel sheet, Ni-
plated steel sheet, Sn-plated steel sheet, Zn-Fe alloy—
plated steel sheet and Zn-Ni alloy-plated steel sheet.
Examples of the metal sheet having on the surface thereof
a phase differing in the potential include aluminum alloy
sheet, Zn-Al alloy-plated steel sheet, Zn-Al-Mg alloy
plated steel sheet, 2Zn~Al-Mg-Si alloy-plated steel sheet,
Al-Si alloy-plated sheet and Al-Zn-Si alloy-plated sheet.
Also, coating may be applied to the chemical conversion-
treated metal sheet of the present invention.

[Example]
The present invention is described in greater detail

below by referring to Example, but the present invention

is not limited to this Example.
The metal sheet used were hot-dip galvanized steel

25  sheet (plating coverage-on both surfaces:-100-—g/m?)--and

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% 2Zn-1.6% Si
alloy-plated steel sheet (plating coverage on both
surfaces: 150 g/m?), a zZn-11% Al-3% Mg-0.2% Si alloy-
plated steel sheet (plating coverage on both surfaces:
120 ¢/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.
A metal oxide and a metal hydroxide were formed on
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the surface of each metal sheet by a liquid phase

process,
The treating solutions used in the liquid phase

process were
5. an aqueous 0.1 mol/L ammonium hexafluorosilicate

Solution (treating solution (1)),
an aqueous 0.1 mol/L ammonium hexafluorotitanate

solution (treating solution (2)},
an aqueous 0.1 mol/L ammonium hexafluorozirconate

10 solution {(treating solution (3)),

‘a mixed aqueous solution of an agueous 0.05 mol/L
ammonium hexafluorotitanate solution and an aqueous 0. 05
mol/L ammonium hexafluorosilicate solution (treating
solution (4)),

15 - a mixed aqueous solution of an agueous 0.05 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.05
mol/L ammonium hexafluorozirconate solution (treating
solution (5)),

a mixed aqueous solution of an aqueous 0.05 mol/L

20 ammonium hexafluorozirconate solution and an agueous 0.05
mol/L ammonium hexafluorosilicate solution (treating
solution (6)),

a mixed aqueous solution of an aqueous 0.03 mol/L
ammonium hexafluorotitanate solution, an aqueous 0.03

25— moel/Eammonium hexafluorosilicate solution and an aguecus
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 aqueous 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 aqueous 0.01
mol/L zinc chloride solution (treating solution (9)),
a mixed aqueous solution of an agueous 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 aqueous 0.1 mol/L



1 (I T T O R A 11:rr ion _ Treating Solution of Liquid
Phase Process d) (2) (B (s) (V) (9
...13_.

‘ammonium hexafluorosilicate solution and an agueous 0. 01
mol/L magnesium chloride solution (treating solution
(11}),

a mixed aqueous solution of an aqueous 0.1 mol/L

5 ammonium hexafluorotitanate solution and an aqueous 0. 01
mol/L magnesium chloride solution (treating solution
(12)),

é mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorozirconate solution and an agqueous 0.01

10 mol/L magnesium chloride solution (treating solution
(13)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorosilicate solution and an aqueous 0.01
mol/L aluminum chloride solution (treating solution

15 (14})),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution and an agueous ¢.01
mol/L aluminum chloride solution (treating solution
(15)),

20 a mixed aqueous solution of an agueous 0.1 mol/L
ammonium hexafluorozirconate solution and an agqueous 0,01
mol/L aluminum chloride solution (treating solution
(16)),

a mixed aqueous solution of an aqueous 0.1 mol/L

m_limmgmmmhMJmmﬁhmmm%ﬁﬁﬁ&%ﬁﬁﬁﬂ%ﬁﬁﬁmﬂﬁmmwr&ﬂ%ﬁmm -

mol/L nickel chloride solution (treating solution (17)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution and an agqueous 0.01
mol/L nickel chloride solution (treating solution (18)),

30 : a mixed adueous 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 agueous solution of an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.01
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using ammonium fluoride and further, if desired,
hydrofluoric acid or agqueous ammonia in the agueous
hexafluoro-complex salt solution such that the molar
10 ratio of metal to entire fluorine was about 1:6.5 and the
pH was about 3. The treating solutions (8) to (22) were
adjusted, after adding the chloride to the aqueous
hexafluoro-complex salt solution, by mainly using
ammonium fluoride and further, if desired, hydrofluoric
15 acid or aqueous ammonia such that the molar ratio of
metal species of hexafluoro-~complex salt to entire
fluorine was about 1:6.5 and the pH was about 3.
Each degreased metal sheet was dipped in the
treating solution and a film of metal oxide and metal
20 hydroxide was formed on the metal sheet by cathodic
electrolysis using a platinum as the counter electrode.
The film formation was performed at room temperature for
5 minutes by controlling the current density to 100 mA/cm?
and after the film formation, the metal sheet was washed
ww——25n—_—mwi%h—wa%erhandfdriedfg*fngthewsampies—ustnq—tréatdxmr‘“““““““
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
30 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 ceontaining an additional element and fluorine were
formed.
35 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
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nnt nor-4 not p%%%%%rmed aR%%§%% a so-called dipping process of dipping
the metal sheet in the treating solution (1}, (2) or (3)
for 7 minutes and after film formation, water-washing and
drying it. 1In this case, a metal oxide or metal
5 hydroxide film having taken thereinto the fluorine ion in
" the treating solution and a metal ion considered to have
dissolved out due to formation of local cells was formed.

For the purpose of comparison, a film comprising
only SiQOz, TiO; or Zr0O; was formed on the metal sheet by a

10 sputtering process using $i0,, TiO; or Zfoz as the target,
respectively. '

These films formed by the above-described liquid
phase process or vapor phase process each was subjected
to determination of amounts of elements contained in the

15 film by the X-ray photoelectric spectroscopy. Also, the
bonded state of the additional elements in the film was
estimated from the chemical shift on the photoelectric
spectrum of each element determined by the X-ray
photoelectric spectroscopy. Furthermore, metal atoms, F

20 atom, O atom and peripheral fine structure were examined
by the XAFS (X-ray absorption fine-structures) method and
each bonded state was estimated.

Out of the thus-produced various chemical
conversion~treated metal sheets, the naked corrosion

——2%——resistance—ofthe hot-dip galvanized steel sheet was — -

evaluated by performing a continuous salt spray test for
500 hours according to JIS Z 2371. The rust generated
was rated AA 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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Also, the obtained various chemical conversion-
treated metal sheets each was coated under the following
conditions to make a coated metal sheet. First, an
epoxy-based primer coating material (P655, produced by
Nippon Fine Coatings K.K.) using a chromate-free rust-
preventive pigment was coated as the primer coating
material to a dry film thickness of 5 um and further
thereon, a high molecular polyester-based coating
material (NSC200HQ, produced by Nippon Fine Coatings
K.K.) was coated to a dry film thickness of 15 pm. These
coated metal sheets were evaluated on the coating
material 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 obligue direction of 45°, and the number of
peeled 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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prepared by cutting the right and left cut end faces into
an upper flash and a lower flash and according to the
neutral salt spray cycle test described in JIS H 8502,

180 cycles were performed with one cycle consisting of

spraying of an aqueous 5 wt% NaCl solution (2 hours) —»
drying (60°C, RH: 20 to 30%, 4 hours) - wetting (50°C,
RH: 95% or more). The maximum blister width from the cut
end face part was evaluated. The samples were rated on a
5-stage scale according to the blister width criteria
shown in Table 2 and scores of 3 or higher were ranked as
"passed".
Table 2
Score Rating Criteria of Corrosion Resistance
5 No blister

Maximum blister width of less than 3 mm
Maximum blister width of 3 mm to less than 5 mm
Maximum blister width of 5 mm to less than 7 mm
Maximum blister width of 7 mm or more

Samples passed both the coating material adhesion
test and the corrosion resistance test were judged good.

N W
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The evaluations results in the above-described tests
are shown in Tables 3 to 7 every each metal sheet. It is
apparent that the naked corrosion resistance, coating
film adhesion and coating film corrosion resistance all

are improved by the present invention.

[INDUSTRIAL APPLICABILITY]

According to the present invention, a chemical
conversion-treated metal sheet excellent in the corrosion
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.




Or oc

Phase Process F-1--c¢ (zT) (ET) (n) (ST) (9T) |

ssqui ca

lo 1. lo Il i i I COTS | _zOll Treating Solution of Liquid

pnase process (cathodic electrolysis) liquid pnase process

Fi | m Formati on Met hod

(cathodic electrolysis) pnase process (cathodic electrolysis) | pnase

process

(cathodic electrolysis) ssqohu-pnase process (cathodic

el ectrolysis) siquza pnase process (cathodic electrolysis) | vapor

process

vapor phase process 'vapor phase process
CLAIMS

1. A chemical conversion-treated metal sheet comprising a

metal sheet having on at least one surface thereof an inorganic

film,

wherein said inorxganic film is a film having a metal
component, said inorganic film comprising one or both of a
metal oxide and a metal hydrexide, and said film containing F
bonded to the metal cof the metal component, said film
containing no Cr,

salid one or both of said metal oxide and metal hydroxide
comprising 50 atom % or more of all atoms in said fiim after
subtracting all said F atoms from said film, and F content in
said film is from 1 atom % to less than 60 atom % kased on all
atoms in said film; and at least a part of the metal component
0of said film has both a chemical bond to ¢ and a. chemical bond
to F.

Z. The chemical conversion—-treated metal sheet as claimed
in claim 1, wherein the content of said one or both of said
metal oxide and said metal hydroxide is 80 atom % or more of
all atoms in said film after subtracting all F atoms from said
film.

3. The chemical conversion-treated metal sheet as claimed
in c¢laim 1, wherein the content of said one or both of said
metal oxide and said metal hydroxide is 90 atem % or more of
all atcoms in said film after subtracting all F atoms from said
film.

4, The chemical conversion—-treated metal sheet as claimed
in claim 1, wherein the content of F in said film is from 3
atom % to 35 atom % based on all atoms in said film.

5. The chemical cenversion-treated metal sheet as claimed
in claim 1, wherein the content of F in said film is from 5
atom % to 30 atom % based on all atoms in said f£ilm.

6. The chemical conversion-treated metal sheet as claimed
in claim 1, wherein the metal component of said film is one or
more member selected from the group consisting of Ti, Zr and

pnase



- 23 - The eval uations results in the above-described tests are
shown in Tables 3 to 7 every each netal sheet. It is apparent that the
naked corrosion resistance, coating film adhesion and coating film
corrosion resistance all 5are inproved by the present invention.

(1 NDUSTRI AL APPLI CABI LI TY] Accordi ng tyg the present invention, a chem cal
conversion-treated netal sheet excellent in the corrosion 10resistance and
adhesion of coating filmand small in the environnental |oad can be

provi dedsieven wi thout using a chromumcontaining film which is
industrially useful. - 24 - CLAIMS 1. A chemcal conversion-treated

netal sheet cpwrtraes'at%mq Bt b s0eel JNAVEDD. On Al eastAne s fageqt her eof

an inorganic fi |nor ani c aving a

ot ol CoborHT HeaMEdfoSALe FF T COREFT ol T GHEbr HoPh of & et ol

oxi de artfich trietre ! RGFEXitde ONENET SEPESf ¢ %W%%‘F\t%ﬁ]fﬁwq:fﬁ@ﬁ‘déﬂet §TEeHE net al
of the netradisoomporentig,saild £nl nNtoabdi ddng no Cr, said one or both
of said netal oxide and nmetal hydroxide conprising 50 atom % or nore of all

atoms in sai g f'ﬂfhc% L5 SYOLEAGLL DAL L 521 &y Fgﬂlaqggs Jeam.said LiLm and F

content In mis fro ess t A)base on all

at ons m”éaqs]d“f“t | 'rfy whedeaf nbﬁs’t:oﬁt PRaFt© :Ef e g) &t ot Psaid film
has bot & EHerittdls sowd 620 shd énc‘ﬁ@fﬁ%%‘l? bonfgrap .1 atom % 2o The

chem cal lacomuérasi dit- tateat 8dbastdl oshekl asowms aimethid llai.m 1, wherein the
content of said one or both of said netal oxide and said netal hydroxide is

80 atom % or dmrt%e"fch%'n%c%_}o%nb@ﬁ%ﬁ frdm ad tere ‘rjgblé{e%gt 4119 cﬁalﬁlgdato”‘s

fromsaid fil emcal ¢ ers eet as
o moa iTh Cradin Ty, WHEERAn CRReCOBREBRt Sbf - K A OHE SR G REr ts 3P et al
oxi de arfhishifd etis stapdy GREdeths BD aPoR®Yb oks nbr@n of adlam &t 6/s leAssai d
film af ttgrars uldt ragein rig balskdFoat eid ftomssan dsdid niilm. 4. The chem cal
conversion-treated netal sheet as clained in claim 1 wherein the content

of Fin said 11;11 He cfhre%rl‘c%r'LaEBH{fé%E90§5t9é9{%d/°r9 sﬁlﬁeeac' 'asatc(igg Ly said

film conver si on-{reat eet as ¢C |rred|n
ol aim 1, iR he EgRtBathet CEAE AR aPE ot m@ffrlr%ﬁ%s 57ds 8 30 at om
% based TH-<hIfiilat difs Sushsdingtf ihf Mg contegt Ihelxdfeni @dlom % to less
conver sitdrert r¥ataacmet dlassheet adlchabmedinnsaldi Mlm. wherein the netal
conponent of said filmis one or nore nenber selected fromthe group

consi st ng Of T' é’é R 10 lzéonvéﬂr ion- trea’Ze e%‘?f:l as clajm
conver Si on- treat é ]?I I m

h
m%g Flt as cl al meﬁ I n %]rmdfil ere| n sal
further orft'd lﬁ% ‘ad’ ﬁeahﬁ‘d PohaP &l enBht © %n% t SHERT 481 ect ed
fromt he%glﬁblfp%]éfbriﬁ $tiichg tHRtMghe ANL gantapt ahy Geem 1 atom 8. tPhécékeni cal
conver sitdred reataschmet alassheett aslchkabmedinnseldi M Ify. wherein the cont ent
of the additional elenent in said filmis such that the Zn content is from

0.1 atom %th esg d f&%%mii%aat emu%p@%&q op Qttdaft e}ae C'L@m a
9. The cheni ca c70nv rsiQn- beate In c ai m?
wher ei n the ot et 8 486i EPBREN e?fe Js%ﬁ?:P Iertﬁrr?nétu&ﬁ that the

Al cont ef19d sFlmpmst sachmttrtothessot fapt st at%mf%rt)aﬂséd:@h %altico de6rs i n
said filthan 30 atch0.% Baeedhemn el gonwersnosatdedtled netal sheet as
clained in claim7, wherein the content of the additional element in said

filmis such fhatp te.h%hlgg’tlgcc)l?.t l%BEvé?sEBR”Ei Q{rﬁﬁn H{%tem C w4 han c:‘i% igkgm %

based on. all. ato co ersi on-treated
metal ShEbICHATs| Hi 06 T Pe PART 399HhAPRAR Ehe bt Bhto % tite Taddid Fonal

el ement hend il G i9mb $rsBehnt Raborfetni Ocondentberd fyom-1 atom % to | ess
than 30 atom % based on all atons in said film 12. The cheni cal
conversion-treated netal sheet as clainmed in claim?7, wherein the content
of the additional elenent in said filmis such that the Co content is from
1 atom%to | ess than 30 atom % based on all atonms in said film 13.
The chem cal conversion-treated netal sheet as clained in claim?7, wherein
each additional elenment in said filmhas a bond to Oor F or both a bond to
O and a bond to F.



