1 - DESCRIPTION Title of Invention ZI NC-BASED METAL COATED STEEL SHEET

Techni cal Field [0001] The present invention relates to an
environnmental ly friendly, surface-treated zinc-based netal coated steel sheet
for use in, for exanple, autonobiles, household electric appliances, and

buil ding materials, the zinc-based netal coated steel sheet being subjected to
surface treatnent to forma surface tleﬁtgent filmfree froma pollution
control substance, such as hexaval ent chromium In particular, the present
invention relates to a zinc-based netal coated steel sheet having excell ent

el ectromagneti ¢ wave shiel ding properties and corrosion resistance and
suitably used for, for exanple, elg%$@R%P%ﬁgNelectronic equi prent, which is
required to prevent electronagnetic interference (EM). Background Art [00021
Wth the recent digitization of household electrical appliances and increase
in the speed of _CPUs, _inportance has been a chq? r ﬁ%ens with
eIectronggneFFEanbzrF@ggﬁééopha%lgﬁﬁ&ﬁ§¥9Qﬁéﬁy%c %&ﬁ%Si% Ph) SEgb prent and
the human body. To address the problens, in our country, the "Voluntary
Control Council for Interference by Information Technol ogy Equi pnent (VCClI)"
has been @gkgghkgﬁegi h% these days, to conply with the standards of VCC,
there is a’'strong tendency to exercise voluntary restraint on the problens
with el ectpgpagnetic interference. As an exanple of counterneasures against

el ectromagneti ¢ noi se generated fromelectronic substrates in electric and

el ectronic equmgg@ieséﬁ@rfn'én@i&ﬁcbéligy@sf 5 éﬁi@bgiﬁanﬁ!eﬁ‘&%%‘i gnetic waves

by surrounding e tronic substrates and so forth wwth a shie ox conposed

of a netalr(eandyct kvekapaterkaked 9983l based mE@R 1t BEashielsd ax, the
conductive material constituting the shield box reflects el ectromagneti c waves

to shiel dsgkeet roragaet iig, Wawes exAmpil ghetutonduet by, t Yiookehia amat eri al
constituting the shield box results in higher reflectance to el ectromagnetic
waves, i nmprevichdcekeetlianagaet hadwavelshhnegl dingrproper thes.zise,-Haksey der to
ensure the el ectromagneti c wave shielding properties, it is inportant that a
met al pl ametednsbitet sgethe shbeel debhay shoygkdtkayveohisgh faarductivity. [0004]
The shield box is produced by formng a netal sheet and thus has

di scont i noirerésefjtoitnt Soamd aj sncttebers Lre®heaendi $ddnt ifmreiet ifesmare | i kely to
cause the | eakage or penetration of electromagnetic waves. For the shield box,
thus, a conrduttive gaskevli substiancy,i suehpesedeixavenendi stowmiingi.ties to
prevent the | eakage and penetration of el ectromagnetic waves. [0005]

Here, to forPhetiendare the sheerdtngnyespérn asletephéoshi @iddasdd s
necessary to forma structure in such a manner that a desired current can be
passed t hP6tigh FREtERt PEeedhEbrE thHRYIAOWEVER ! LERE ERCACOHIIOSsdre is usual |y
low at a contach,pﬁrtion bet ween t he gptal body and the gasket. So, the

el ect ri cala6ndieEidity PREPEFHALEefN Y EPEFPED Fo TP ‘B@Ghduct i vity")

bet ween the.netal bod nd the gasket .is | qw.  The anmpunt of current passing
Chrough t ABLEORINCHSFr 00N LBRIEREBPBE,  SQCE I CTRUS. SR Cadaion t6 ensuri ng
t he condu%th{i%%%gf %ge %etal %I%te %pnstitu%j%% %H%C%Q%%!d box, ensuring the
conductiV|9y be én"the 'métal ﬁléfg aﬁ& £he Sasket (S inﬁ@PF € to achi eve

hi gher perfornance of Q%ﬁlzhield box. [0006] Nowadays, electric and

el ectroni c equipment is used in all environnents. A material constituting the
shiel d box i-$58qULr 8¢+t 0 have excellent corrosion resistance even under a
severe usage gnvironnent. Chromate treatnent is known as a typical nethod for

i nproving h@ogorrosi on resistance - 4 - (resistance to white rust and red
rust) of a zinc-based netal coated steel sheet. Traditionally, zinc-based

nmetal coated sfeeh sheeksceHbj geheditorchhopat golikeAbMBNEIWEER At eat ment
liquid mainly containing chrom c acid, dichromc acid, or salts thereof have

been wi debypusedcas sheelinsheeks fiar theusgheld o8l estud, campRpRldnRcess st eel
sheets for building materials, and steel sheets for autonobiles. [0007]

As descri bednabaovechihe teeabbhedy (3teel 1sheeiohaeoratid Unitkg ftdhershi el d box
is required to have high conductivity and conductivity between netal body and
t he gaskethalkeredyvealsehquglt facftisl pefraphed adn eapspnfeade sofd tihe steeln sheet by
chromate treatnent has | ower conductivity than the base steel sheet, the film
formed by chronmate treatnment provides rust preventive performance even at a
smal | thickness. So, in the case of a surface-treated steel sheet subjected to
chromate treatnment, mnimzing the thickness of the filmhaving inferior
conductivity provides conductivity conparable to a steel sheet (w thout being
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In each of the techniques of itens (3) and (4), the inorganic filmfree from
an organi c conponent is reported. The conposite film conposed of the netal

oxi de and netal hydroxide is required to have an increased thickness in order
to provide sufficient corrosion. resistance. Furthernore, a surface of the
zinc coated steel sheet is covered wth a nonconductive film (insulative film
conposed of, for exanple, zinc phosphgtf._So, it is disadvantageous to provide
satisfactory conductivity, and it is thus difficult to strike a bal ance

bet ween the corrosion resistance and the conductivity. [0012] In the
technique of item (5), attention is focused on the dependence of the
conduct i vipglyef Fosadfiness ofhe nershikémee-in cated-eirleryshelee on the thickness
of the insulating filmcovering the surface. The technique ains to provide
sati sf act 6Vplesfhaget Centyoby CraagéilngorhéntriréRnesscobyt Rafiogawitatamg fil m
However, a smaller thickness results in a reduction in the corrosion

resi st ancéS6PnERe9YsEaBirERBEt (VEET) S PREsPERPf PELRPE61EFovi B Hhese
surface-treated steel sheet having excellent corraosion resistance and

conduct i vPRYS /[ §618P™PA Yt e thebhfi §GaNERTAEeRt (85 Clr nERGLE dFf fhe passivation

ffect of th di [ 1d and i ngl | ubl t al [t due t
the phospRatE EonbOIRACTuhPc A-6EFva°ad CLHE AR BT EGF SCBpGAertS, and the

f [ f.th [ fil [ kel [ fil : d of th
21 coni umPeSRETRA T Fing BEFEPEPE eI Poan BRAE R ET | ohe CRUBFER Bgent
provi de e’égdclog@ltteq:%reragﬁ'rgg %E;?'iﬁts%n% ec@?‘é’ﬁﬁé?het&ﬂ hRg sEase h: rt%taconductl on

i s requited under severe condrtions where contact is establ”i shed at a very |ow

load, it i3AeCessany e Legueeathe L ghnessiof Jhbechibiicdiius causing

difficulty in striking a ance between the corrosion resistance and the

conduct i Vieb¥id phl@8t4] there A3 desethbeduabewe, sheeibhegchrom umfree treat ment
steel sheet’'s reported so far, in order to ensure corrosion resistance

conpar abl e 1tettbatgekta ct wadeki ejakughbamateqf BlBctirbnis ReELISAHOLd 0 increase
the thickness of a highly insulative film For the chromumfree treatnent
steel sheehs, st flosthhus tdi &f istuktl dt Boenswi@oseaduet avidetalThe steel sheets do
not sufficiently sati sty the properties required for a steel sheet

consti t ut ilagnthetdkiegl chahexiaAs - 9 - descri bed. above, in order to further
ensure the shielding properties of the shield box, the conductivity between
the netal [bOody]i(steel sheet) and the gasket at a | ow contact pressure needs to
be sufficiently ensured However, in the foregoing techniques, the
conductivity iEonotheonakidéededoxCi thei oandiistipateateritérature [0015]
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Application Publication No. 2008-169470 Summary of Invention Technical Problem
[ 0016] [oobhg present invention overcones the foregoing problens in the
related art. It is an object of the present invention to provide a zinc-based
metal coated stgel saheel bBﬁ'ﬂgiEgoauééafﬁ9efbkﬁ§hﬁeatmEkbElEh%%tf%%@la

pol lution control substance, such as hexaval ent chrom um the steel sheet

havi ng ex¢ghlseniascanduehitviniy tawen (yrder ssever §weendidrisons where the steel
sheet is in contact wwth, for exanple, a gasket at a | ow contact pressure

W t hout reducing corrosion resistance. Solution to Problem[0017] To
overconme the foregoing problens, the inventors have conducted intensive
studi es and have found the following: A surface treatnment liquid (A) is
applied to a surface of a zinc-based netal coated |layer and dried by heating
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is applied to a surface of the first layer and dried by heating to forma
second | ayer, thereby overcom ng the foregoing problem [0018] The foregoing
findings have led to the conpletion of - 12 - the present invention. The
outline of the present invention is described below (1) A zinc-based netal
coated steel sheet includes a surface filmarranged on a surface of a

zi nc-based netal coated |ayer, the suLfgcg filmhaving a two-1layer structure
including a first |ayer and a second | ayer, in which the first layer is
formed by applying a surface treatnment liquid (A) for a zinc-based netal
coated steel sheet to the surface of the zinc-based netal coated | ayer and
per f or ni ngidgecpntignby theat rmg, likelyutbaceuseeshredeakpgsi @X(A) containing a
resin emul sion (a) that contains a cationic urethane resin enulsion (a-1)
and/ or a BenesmREiger pifi eleesramagursiienveyes)y, Yoe taei shieldrBPKane resin
enul si on %a-l) containing at |east one cationic functional group selected from
primary t&hUSrt PaFPnanche ver 8ag&eind squatierdr yRaRmBASEM <& thgr oups, a

t etraal koxysil ane (h), at |east one silane oupling agen%g %g) th cont ai ns
at | east SﬁécP€§&PP&$1P§n$PiBﬁ&We&Foneséﬁé 8§ fronPEEityation o

hydr ogen- cqgnt ai ni ng _am.no groups, an epoxy group, a mercapto group, and a
nethacryl83?C§F8@ﬁgn§t&ﬁewgyﬁﬁg agent (d), a vanadic acid conpound (e), a
titaniun1%§ﬁgggnd (f), and water, the surface treatnment liquid (A) having a pH
of 3to 6 eing adjusted so as to satisfy requirenents (1) to (V)

descri bed bel o LN [ S I I Fed YN rface
treat nent quuﬁ%r%B)%g %Qrgggﬁagﬁggg a?ﬁg EEE%;g%n cp?égggeké% ggag%EUrface of
the first r perf qr.m (VA tin i j t ot al
thicknessso?%?ﬁeﬁpgfs?%lgfgb%%ﬁgs¥ﬁ§g§g%g% gy%ﬁrﬁgQﬁﬁ%tﬁgiﬁgﬁggg%f 0.1to
3.0 gm pefa$inde’ thbh) At e sRFRROIIIQR NS dahe pROlad s6@S ) H2lo digsin enul sion
(a) is in the range of 11%to 45% by nass with respect to the total solid of
the treat gt dol guidid bok.t hBokatke, byhaessnehct hpregkiideof st b‘éu&iﬂl?'ne
coupling agent (c) to the solid of the resin emulsion (a), i.e., (cslfas), is
in the rangs eft & 2bntecd Portibhl bethhen athieo meyamedf drhe tgad i d of the
tetraal koxysilane (b) to the solid of the chelating agent (d), i.e., (h5/d5),
is in thegaange .of SO, 1bhtoeledBrichl VEohHactavioyofihtheimassefev) of the
vanadi ¢ acid conpound (e) in ternms of Vto the mass of the solid (ds) of the
chel at i ng redentre@dd)to isieply( ew dsondustiyittyd )r degevesin O.IG3 el 2&dwand (V)
the ratio of the nmass (fT) of the titaniumconpound (f) in terns of Ti to the
mass of t ledsdlhied gedetofist Hewchellhei agoagentf( dprreng. pagblhds), is in the
range of 0.02 to 0.19. (2) In the zinc-based netal coated steel sheet

descri bed titwougdmthe) corffecdr ganitd anediandsg)td e Hedigschce Thugat dent | i qui d
(B) contains an organic resin (g-1) that contains an OH group and/or a COOH
gr oup. (asi}illtﬁoslh%%ierﬁ@w&@@dt?w@ gonchttey idpe st %tmegf@slcrﬁltﬁe%?i nitem (1),
the organic resin (g) in the surface treatnent IHﬂgid Qgﬁzqonlains a

hydr azi ne<Seoditiitad 1819y diicc SPesild Bp2e) FEIEd DY T £ BHFE Wt H%n acti ve

hydr ogen- cont ai ni ng conmpound _(i,)) conpqsed of .a hydrazi ne derivative (h) in
whi ch song’e&weélq tg]fe mﬁé%ﬁgg’ﬁ%&tq%%&%dﬂﬁorR%t 1% t he zi nc- based

nmet al coated ,steel .sheet described in one .of. jtens (1) to (3), the surface
t r eat nent %qq‘dﬁvﬁ P tﬂ?&%cofmensoé%fsts plreelvdeﬁolxv'e additive (j). (5) In
t he zinc-g%%ﬁ%Jnetal coated steel sheet described in item(4), the rust
preventive addi'tive (j) contains (k) and/or (1) described bel ow, the

proportion of p Lve di i . r . 1o 100
parts by nmass P§@?§§§%r0%§¥ﬁggé§|ngcg%ﬁﬁﬁﬁg&?Fh%ﬂgggégﬁttggfﬁgg%%ﬁa anount
of 100 part JIBSS, e qr LG : eS| s bR r . r l'iquid
(B (k) G 2 exchggrﬁ]néctﬁsi i} BaRbr iR ed nsi et ke cHY S%Ei%)ltdl Sty

zi nc- based iptiale £98) eth & @8lchestt descrdPash ih Ay e afvdd aBadd)ato (5),

the surface treatnent liquid (B) further contains a lubricant (m.

Advant agequs; & et=syoferd it [ 00h%bmate tACG@idintg its0 Kngmpraasent
invention, it is possible to provide a zinc-based netal coated steel sheet
having - tipicaxeRidy oRegids.ndutte as s 0si oresest sience and
adhesi on, and having excellent conductivity even under severe conditions where
the steel sheet is in contact with, for exanple, a gasket at a | ow contact
pressure, in particular, wthout reducing corrosion resistance. Best Mde for
Carrying Qut the Invention [0020] The present invention will be
specifically described bel ow. <Zi nc-Based Metal Plated Steel Sheet>
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- 17 - of the fornmed film and corrosion resistance after al kaline degreasing,
and having excellent formability, which is a characteristic of a resin
filmcoated steel sheet. [0024] Wth respect to a cationic urethane resin
contained in the cationic urethane resin emulsion (a-1), a polyol, a

i socyanat e conmponent, which are nononer conponents of the resin, and a

pol yneri zati on nmet hod are not particuLa%Iy limted as long as the cationic
uret hane resin contains at | east one cationic functional group selected from
prinmary to tertiary am no groups and quaternary ammoni um salt groups. Exanples
of the cationic functional group include an am no group, a nethyl am no group,
an et hyl arfirreigtenpe &odiwhetkylrasinendr seg, rasdi ephypRadiine-ecws, a
trimethylam no group, and a triethylamno grou However, the cationic
functlonameéﬁéusoﬁ§edoﬁtﬁﬁﬁlSééeés | Brgdbis1pna Lva b%ﬁﬁab?seée@@hééry, or
tertiary amno group, or a quaternary ammonium salt group and the performance
of the pré@éﬁ?dlﬁ@éﬁﬂl§ﬁeﬁ§sn§vbﬂﬁﬁéﬁﬂeao FC@Q@Fte treatRenity ¥ ¥ anoni oni c

acrylic resin emulsio s not particularly limted. anpl es, of the
noni oni ¢ 56?9Im@nFe%FHuéﬁuméﬂéﬁy(Soﬁfaﬂﬁépgnﬁbrﬁglﬁsé&l L i ¢ resins
enul sified with noni nrc mul sifiers, for ex ueous e Isrons each
prepared By* gmiPsi 5 58I§ F??gthBNe Peﬁn Wl%ngy Vﬁﬁgr Ao sh&at s

| d, hacr v i , L d ,
e B ELRASEN B gPR gt e bEL: aTBRUSSH: SR, g 31T
structure,, 8&}8@%%%2%&%%?'% AL +28hyBHeRYl e%ro’ékﬂ)%mo&;%%@ The

proportion 0 ol € resin enul s containing the cationic
ur et hane rg@ba enmul sion (a-1) and/or noni oni ¢ urethane resin ermulsion (a-2) is
in the range o# 11%to 45% by mass and preferably 15%to 30% by mass with

respect to thepfohakcsohid 9hotbe theahgent bbayi dstlepropacihon of the resin
emul sion (a) of less than 11/6by mass does not tesult in a zrnc based net al

coat ed st@@hs,&rﬂ@@tmg ithg exgellberbxadheskeni rAdpiePdiEiicom iprceedi ng 45% by
mass results in a reduction in corrosion resistance. [0027] The surface
treat ment cohguicd i FAL yCanbaices duke itvetfaakkeaxys hare l( Bodyogeidhamheam th the
resin enmulsion (a). The formation of a surface treatnent filmon a zinc-based
met al coatedksteel Hshept abyhthighusef bimt hersadf aneat seafaest olfi ghied cont ai ni ng
t he tetraal koxysilane (b) provides the zinc-based netal coated steel sheet
havi ng exes¢ékkéntshpetpényt césomstieh tagatorends has rlesiest aneelucadheidiyon of the
formed film and corrosion resistance after al kaline degreasing, and having
excel | ent theat thesbssanctcaid sheledabithiet yf 1 lwhifolrrade kohatasmertiest i cs of an
inorganic film - 19 - Although the reason these excellent properties are
obt ai ned tgeﬁémeﬁte@¢OV1ﬁeﬁsr@ﬁéc@ﬂ@ﬁ@@tﬂW@tP@Ké@@m@ﬂﬂﬁIaﬁﬂﬁ-ﬁﬂbﬁértles are
attributed to the fact that the use of the tetraal koxysilane (b) in

conbi nat i A2kt RhiK&NEEsSi-n 8ful sNokheafaresafts FHrERECrrRaLRONSEREE film
havi ng a three-di nensi onal cross-Iinked structure .conposed of t he

tet r aal koRPEFLaREPIBF tand "onENEARIPS ¢ riréfitaite M idridI%r e noni oni c

uret hane r npl es of, t e .tetraal si,l ane (b), | nclude, but
are not pEEPF%G?%FIQ%IFFFt§&§ﬁb aW&PﬁaﬁéiﬁH§§§il Ll%%& Si9%fhe, and
tetraprop

tetraetho%@éapgﬁévéﬁgngﬁﬁ&ﬁﬁﬁéﬁ' 3%{?2%%ﬁ3 e %F %gﬂﬂggg?r t%éiﬁ%rempornt of
provrdrngﬁggﬁgg e%PQ?O%MQ%a %?E%%%Q%%n%ﬁtalﬁknﬁa ?iﬁgcgggghbﬁgakgd st eel

sheet hé surtace tre ains at | east one

si | ane CO#B‘s'uQ% %%%’f&c&%kxtc%%%iu@t’lgrﬁ& 'b%ac%qtee%”etr{eeascéée‘ﬁe Jringt i gnal group

sel ected from an active hydrogen-contai-ning am no group, an epoxy group, a

mer capt o graup. 3ad 2 (Rl hAcT ko IO gotoqg%tarlearna@ bt ] 8Sidy emul sion (a)

%I
and the tetrag oxyS|Iane ?ﬁ; The ornatlon of a surface treatnment filmon a

zi nc- base%r@%@ﬁk1%%ab%@f%E%@nc%h%%b.@ﬂé&ﬁ%dﬁ%@d@tﬂé“%éﬂgféHEéﬂ&fﬁ&”Pnt liquid
containing the - - silane coupling agent (c) provides the zinc-based netal

coated st 9@bp@@%@bshaVHageeé9el keptnpr gRepkiesnvikeRAm@s t&Ar F@Sh@R resi stance
and corrosion resi stance after alkaliné degreasing. In particular, the surface
treat nent reghArbav pg1exeealdrettrcadhegiforaand il Hrdasistance is fornmed on a
surface of the zinc-based netal coated | ayer. [0030] The type of at | east
one silane coupling agent (c) containing at |east one reactive functional
group selected froman active hydrogen-contai ni ng ani no group, an epoxy group,
a nmercapto group, and a nethacryloxy group is not particularly limted. For
exanple trralkoxysrlanes each havrng t hree alkoxy groups and at Ieast one
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| ess than 0.03 does not result in a zinc-based netal coated steel sheet having

excell ent corrosion resistance. Aratio by nass exceeding 0.23 nmakes it

difficult to dissolve the vanadic acid conpound (e) in the surface treatnent

[iquid. [0037] The surface treatnent liquid (A) contains the titanium

conpound (f). In a filmfornmed on a surface of a zinc-based netal coated stee

sheet, the titanium conpound (f) is effective in inparting excellent corrosion

resistance to the zinc-based netal coated steel sheet (in particular, a

processed portion). Exanples of the titani um conmpound (f) include titanyl

sulfate, titanyl nitrate, titaniumnitrate, titanyl chloride, titanium

chl ori de, at thaanausofseet fraaruanbxsteclpshassi umithpahatieiogal at e,

fluorotitanic acid, amonium fluorotitanate, titaniumlactate, titani um

t et r ai sopFbpexipte, LEppaRPO#T acet yl acet onate, and diisopropyltitani um

bi s(acetyl acetonate). Further exanples thereof include netatitanic acid

pr epar ed @9opﬁérnal hydr ol ysis of an aqueous sol ution of titanyl sulfate,
neutralization of an aqueous sol ution of

orthotitanic acid prepared b | kal

titanyl sulfat%?nﬁénﬁeg%ﬁl%%u?%eﬁa%% %%%}um‘%reerh‘ér%?%%ﬁi%eai the titanium
conpound s, in the range o .02,.t0 0.19 apd preferably 0.03 to 0.15 when
expressedgﬁ%e%hgaygtp8e8fr B@r%ﬁgs fﬁﬁﬁm%&e?h%Pt?ﬁénF%%?n%gﬁgs-g@ﬁﬁpound (f)
in terms i t mass ,of oli e chelating agent (d), i.e.
(fT/ ds) . %%V%t?%88y9588§%%9 1abdSaR0n' febifhglh REPusiBLRL N9 20e (D) o
netal coa . sh viRg .ent, _.cqQr [ L St . r.ati o by
oLl conpEtastgel gihEst RAVLACEXGeL ELoGr LOS! SOpgSTLS! ARGE Adan o bY
in the suptaceqt teateNtvhi gublp £8033hne as TeohuEs deedlreat ment 1iquid (A)
for a steel sh%et is requir _tg_have a pHof 3 to 6 and preferably 4 to 5. A
pH of thetguhhagget healigBAY hi@Hldsgfitkess thans3thiepuhbsaill,asifgucd on in
the shelf stability (storage stability) of the surface treatnent liquid and
causes signifieant, etahi ng,oknai 06, hher ehyereduehnglhenter,r @sicon 4Lsi st ance
and conductivity of a zinc-based netal coated steel sheet. A pH exceeding 6
resul ts i naaanedgeti anteBhhhiguadbestanoaf pallhlyartior phdnon aaswdwace of a
zinc-based netal coated steel sheet. In the present invention, in the case of
usi ng an atkdli stichadgustnhhe phHidanandi amchafibhéngangamtne stheth sat iave, or

am no pol ycarboxylic acid is preferred. In the case of using an acid, one

sel ect ed £poppohdl abningiagent § ¢d) Ndescikiebbdigbevefi Sogméfher med. | n
particular, in the case where the pHis adjusted with an inorganic acid, for
exanpl e, pplyvbélashde phésphothcaasiidansukcbupildngciedensr laydr of | uori c acid,
the anount of the acid added is, at nost, |ess than 4% by mass with respect to
t he total ceBbidasfionfecsuthgee techpiguepeat ment |iqui d because of a reduction
in the conductivity of a zinc-based netal coated steel sheet. [004.0]

Not e thatloﬁgglexanple, a surfactant, called a wettability inprover, used to

forma uniformfilmon a surface to be goiged,_a t hi ckener, a conductive
materi al used tRSFHptOVEXTBRUTELFTFtFS HOCOPBF pi gnent used to inprove design,

and a sol vent used. for inproviing filmfaropability, nmay be appr.apri.ately added
£t he sulfaca FRERNAEHE EPaurATpART Hs reBucd o™ Gostratre raRiidt oo
treatment |iguid.(A) _is prepared by, mxing the, for iLng_caompanents in, for
exampl o, GRNOATIEEoua: SPY LA PoPhEAP AR r Cirke CoM OB LN ETor ¢ he Sur f ace
treatnent _|iqui .he opr.i at Fur (g (o] a ter.-sol ubl e
sol vent, PoPatySnirsiig 30RE"ES 3 By Y In T ned MY R Al
antifoam pg, agent+ ajhavehi ng.agentanhikbact &riial, and@ntiLf %%@ gents, and
a coloring Q ent ﬁéyahe ahde%étg thgpsur_éce tﬁéaghentU?PQJFﬂ, agﬂﬁegged._The
addi tion {hREAOhLM FBRP¥ESAIr ¥hRT sBr 2Beth 8F 9 bW, age & neatyreny |iquid,

t he appearance of a coating, workability, shelf stability (storage stability),
and desi gangHaywever, it is inportant to add the additives to the extent that
the quality obtained in the present invention is not inpaired. The anount
added is, (3} ADSbchhegset Far TUrBY ng- a2 i1 mMess teitnl e SPettt dro-dheed ot al
solid of the surface treatnment liquid. (Formation of First Layer) [0042]

As descri bediabowerhiibchi®opiesgibubnvantiadad ilche qirde dehgratnigd 514 f ace
treatment liquid (A) is applied to a surface of a zinc-based netal coated

| ayer of a zinc-based netal coated steel sheet and dried by heating to form
the first layer. Exanples of a nmethod for applying the surface treatnent
liquid (A) to the zinc-based netal coated steel sheet include a roll coating
met hod, a bar coating nethod, an inmmersion method, and a spray coating method.
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- 31 - the incorporation of the tetraal koxysilane (b) causes a silanol group
derived fromthe al koxy group of the tetraal koxysilane (b) and the cationic
uret hane resin and/or nonionic urethane resin emulsion (a) to be
three-dinensionally cross-linked. It is also speculated that the incorporation
of the silane coupling agent (c) causes a cross-linking reaction with a
silanol group of the tetraal koxysilane £b), thereby increasing the bonding
strength of the film [0049] Anong the conponents in the first |ayer,

t he vanadi ¢ acid conpound (e) and the titanium conpound (f) are uniformy
dispersed in the filmin states such that these conpounds dissolve easily in
wat er, andhppphpgécwhatdi §fesl psamahei nRThi POF effect at the time of corrosion
of zinc. That is, it is speculated that the vanadic acid conpound (e) and the
titani um édnpduRBchPyadeelpar EPANLYTi Bnf2él GRABr 2atE6RFBSNFe ldmiionment and
passivated to inhibit the corrosion of zinc itself. | articular, it is
specul at eB°PRatPePEN2i RCERE ESEBOWREr eSHCRi AE- based ﬁEPgFléﬁatéﬁlsteel sheet
is formed,into a,desirgd shape and efects Oﬁcur i,n the filmat a

where d
processed PBrERBRC £R&ti PN uﬁ?cBﬂBﬁHhate(F?mpguB ef 8PENEIaPHY2 Gt ed in the
defective_porti of .the fil mjto,jnhibit _the rrrosion of zinc. [0050] - 32 -
It is spe%gﬁgtég@PﬁaF’azbng’Phé %ghpggén?ggi%ﬁyhe first layer, the chel ating
agent (d) s_t : s, qof ressi e _pal i i f _
tetraalko§32i aggcﬁhéaﬁﬁ %ﬁewgﬁgﬁagea%ggg%ggﬁt%Fégg%bgﬁgsggagﬁyagﬁ§%olving t he
vanadi ¢ agi o] e) e~titaniu (o] 170]0) ) Al surface
treatnentgFgaﬁigﬁgﬂggtéﬂr?ﬂggn%?ngftﬂ?é gggcha?gg F%a?h?h%?ﬁe case where the
filmis faiprdnby heakbRgeandndr YhnghiBhCaHbeX% ¢LaWD akh BQQ%EPQB%&Q:QrQUD of
the chel ating agent (d) serves as a cross-linking agent that is cross-I|inked
with the skekgtakegeapenenhs ebatha fkkBrt @ibier mahbe aderse ofkiilda skg)sat on
w thout formng an insulating film (nonconductive film, such as zinc
phosphat ej st hus ckenkdi but tAg tarifEpeoYed_Nt PiIrm, agngduahidviat e dn@Q%kle That
is, the first layer according to the present invention has high corrosion
resi st ancéodespirinentthe sompbstbecknessodf Cehantl ISh esiipesedTaf 1tdhe cationic
ur et hane resin enul sion and/ or nonioni c urethane resin enul sion,
t et r aal koXx$$i hahechanduthéosi famaicguphi nggagént coRpotshérnooat iirtg i s
specul ated that the incorporation of the corrosion inhibitors, i.e., the
chel at i ngiagéntinghenvanadeccacidivonpophdsphndicheactid amdd/mconpound, in the
filmmakes it possible to naintain excellent conductivity even when the steel
sheet is phOé@Eﬁé@tcmmpﬁpnﬂoﬁiéwaﬁ§W§ina gasRetl oate ra lagiw rpe@ss @ ecesin 33 -
[ 0052] <Second Layer> The first layer inparts satisfactory corrosion
resi stancéitB ECFVABIbaSed nEPREIcéaled Jfedl exReel e HEEdwer> Bl first |ayer
is a conplex oxide film (inorganic film; hence, in the case where
count er mea8ur e€Pdre taken agai nst the corrosion of a zinc-based netal coated

teel sh the effect of the first | i s.inferior .t , ' '
Fiim 1 SBketapfiPeacrBndon tor S AdsBnba Pat t TS Tr RIS e ¢ sati STy

required gogro?Lon.r SFS ance. S0, in th%fprea nt izyeg£jon a surfagg

t r eat ment P|86'ac(i§§l 5 gﬁpFPEBOPSHE §UFr 8cé R elﬁirSHanﬁﬂmEﬂﬁP ried by
heating t r on ayer. The second layer resulting fromsurface
treatnent?Fﬁgu?ggPéigfsgg% %?éénic resin layer. In the present invention, the
second Ia¥gblghays arole in protecting the first |ayer and reinforcing the
corrosion resistance (chem cal resistance, galling resistance, fingerprint

resistance, desjgns; and 89r-hoatH QIfﬁeEQetéEHﬁiQﬁé@da%t%b %Hﬁ&tﬁﬁLtStt‘ﬁ%' sheet.

The steel sheet is fornmed so as 1o have a thicKkness such that e

conduct i Vbk¥urebntheozi Raibhasedsiebayl cadtied Sterlitsheelod SHOL idmaid ed.
Therefore, the present invention provides a practical zinc-based netal coated
steel sheebmpbhehtbasraigeedabal-aneapbelween copduekiiply,and eqehosion

resi stance and which is usable as a material for, - 34 - for exanple, a

shi el d boxhe[ 0858hiGhuef age iTeeat ment ahidquiod ,( Bhe corroshhg surface treat nment
liquid (B) contains an organic resin (g) as a mai h conponent. Any organic
resi ns mayebeéstsedeassaenengeani dyr esiinllygrddExanplles dritereief deawilrude, but are
not limted to, epoxy resins, nodified epoxy resins, urethane resins, alkyd
resins, acrylic resins, ethylene resins (polyolefin resins), polyester resins,
pol ybut adi eno resins, am no resins, phenolic resins, fluorocarbon resins, and
silicon resins. The proportion of the organic resin (a) in the surface
treatnment liquid (B) is in the range of about 50%to 90% by mass in terns of
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(9-13) Pol yhydroxy Pol yet her Resin The pol yhydroxy pol yether resin is a
pol ymer prepared by pol ycondensati on of a nononucl ear or binuclear dihydric
phenol, or a m xture of nononucl ear and bi nucl ear di hydric phenols with a
substantially equi nol ar anount of epihal ohydrin in the presence of an al kal i ne
catal yst. Typical exanples of the nononucl ear dihydric phenol include

resorcin, hydroqui none, and catechol. A ,typical exanple of the binuclear
phenol is bisphenol A Those nay be used separately or in conbination or two
or nore. [0059] (g-14) Urethane Resin Exanpl es of the urethane resin

include oil-nodified pol yurethane resins, alkyd pol yurethane resins, polyester
ur et hane FeglﬁschpényEIhempgBethanecﬁe§Bmelnﬁnﬂhpopygéﬁbenéﬁel@olyurethane
resins. [0060] (g-15) Al kyd Resin | es of the al kyd resin include
0|I-nndlfh@deﬁﬁkydth@sPﬁganiesrﬁsﬁﬁdﬂﬁléGSH RydVPesi ¥, PhrendFembdified al kyd
resins, styrene-alkyd resins, silicon-nodifijed al kyd resins, oil-free al kyd
resins, af eﬁlghnﬁéPééﬂgthﬁeﬁgﬁW gPESf Peé 5P¥9dSPé§Fﬁéent 38 - [0061] (g-16)
Acryllc resi Il es of ;the acrylic tesin include.p yacryllc acid and
copolyner§°PH€FEéVlt§oP9§CF9P§tésaﬂatcé dicg Psaﬁhérgﬁgerﬁé d¥lic acid
and copolége ﬁ ereof, polynethacryl ate and copol yners. thereof

ur et hane- 36F-§-FcP8&r d copol ymers (or uret hane-nodified acrylic resins), and
styrene-aﬁééhhg acid copolymers. Furthernore, resins prepared by nodification
of these i with, for exanple, other al kyd resins, epoxy resins, and

phenolic reS|nf cgeoys Udéggﬁﬁlgﬁgélg% E%ngeng CQHﬁ égeéthyFenExanplee of

t he ethylene copo ymer 1 nc ene copol yner suc e-acrylic

acid copoly, gamet By AN erEE! @%fnyghc 036h01 £0ROIYARLA: 28d eaihouyy modi f 1 ed

polyolefln resins yl ene-unsat urat ed"carboxyl ic acid copol'yners, ethylene

| ononer s. Th@oééhpeal%é) f&\%yhbﬁpésleace& Resi RBetal oAldexamel édfaithe acrylic
silicon resinis a resin which contains an acryllc copolyner serV|ng as a

mai n conpeRerbxibaviBg ragiydeal yzabbhecabkoXysirkls cdr @Un dkidstss isi de chain or
at its end, and a curing agent. The use of such an acrylic silicon resin
shoul d pr ovide excelrbentie waarhenabil icbyros8064lrecdstAnckl.uor ocar bon Resin
Copol ymer Exanpl es of the fluorocarbon resin copol yner include

fl uor ool efFurtbepabyser 3. sAnfaxanplfe thk linar cokekidn stepd! wieres: iiss a copol ymer
prepared by copol ynerization of a fluorocarbon nononer (fluoroolefin) wth,
for exanpkeyeakkylivhnyl nehkengducydivealfkiyin (iimpghiletthere, fddmoxadnimosed
acid-nodi fied vinyl ester, hydroxyal kyl allyl ether, or tetrafl uoropropyl
vinyl ethef, Whirchkxsaple,agiacnphosphat®he bee 6f ihedibadvesarberusesin
copol ymer shoul d provide excellent weatherability and hydrophobicity. [0065]
As the or ganPeorvasien segisfast orlie copeyent Vilventingn 1t Her fd¥Et ting resins are
preferred. Among these resins, thernposetting epoxy resins and nodified epoxy
resins ha@#ﬁéléﬂéélF@nﬁtﬁékﬁlérbﬂﬂ66€ﬁtp@§wﬁﬁﬁlﬁ@@ EOTFESHAE factor, such as
oxygen, are optimal. In the case where the second |ayer is forned by t he use
of the suFﬁé&étﬁpéﬁtﬁﬁﬁttPFqGPHdPSFlEBﬁWélnlng the organic resin (g-1), it is
possi bl e tB g gV|de a zinc-based netal coated steel sheet having desired
corrosi on [Pds?dt ance even at a small thickness of the film So, it is

i cul arl wh i h h d
Spot vl dabi | ?%a@%ag?%%ﬁ%lgﬁé‘e'agﬁé{céﬁni%ea EBErBE,ed, SPREEorEss 1 he ™
coating éoco \éﬁld%gtce £l fgf Ity d%u%t%aljb ‘94 oqfveél éljr%%g:%][ aqbl | Ilfe{ om the

V|emp0|nt (0] rosit on resistance, or y, anong t he

or gani ¢ r%%'r%ac(egt}ga@%%cr (':*é%%%%%\é% &9 t:i'lje) tth%lfe%/ Jdesiy (9-12) a

nodi fi ed epoxy resin, an ethylene copolynmer are preferred. In
particul an shﬁe&mgerf&'mg CBROY NSRS G Rdi firgd eee}ama%l B§ riaviong

excel | ent arrier ropertles agalnst corrosive factor, such as oxygen, are

particul a?lr)bv@"d‘éf ehiedraEXamRl eerehudiiese | rf.@sﬁ;tdlldw HIRSI 51 d ired dule
t hernosetting epoxy resins, thernosetting nodified epoxy resins, acrylic

copol ynmer gfeshas 1@1@@(1@&%?4 zadmd t hoRpoXY, géouﬁame&atawgn@e@omr S, epoxy
group- cont ai ni ng pol ybut adi ene resins, epoxy gr oup- cont ai ni ng ponurethane
resins, angsadducts andccondarsaties tofe ttes®diesi mesthasm@paxy the
group-containing resins may be used separately or in conbination as a m xture
of two or nore. [0067] In addition to (g-11) to (g-19), for exanple, a
pol ybul adi ene resin, a phenolic resin, a polyam ne resin, or polyphenyl ene
resin may be used as the organic resin (g) of the present invention.
Furthernore, a m xture of two or nore or an addltlon pol ymer of these resins
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- 42 - resin, may be incorporated in the organic resin (g-1). [0070] The
formation of the second |layer fromsurface treatnent |iquid (B) containing the
organic resin (g-1) described above results in inprovenent in adhesi on between
the first layer and the second | ayer, thereby providing a zinc-based netal
coated steel sheet having better corrosion resistance. Al though the reason the
effects are provided is not clear, it_ig speculated that the organic resin
(g-1) containing an OH group and/or a group (preferably a thernosetting
resin and nore preferably an epoxy resin and/or a nodified epoxy resin) is
reacted wth a curing agent (cross-linking agent) to forma dense barrier film
havi ng t heteedekhert .abitiiy tlus ndi biicpkt neatponvofieaaconrdsicee factor, such
as oxygen. It is also speculated that the barrier filmcontributes

si gni fi caitlepted sipedvenent havadHeSKeR1BENReERTERE P SEI1BféGd t he
second | ayer because an OH group or a COOH group in its nolecule is tightly
bonded t 028/ &PREXFSILVARE-or an epoxy group-contai ning conpound in the first

| ayer. [0071h gFVdrazine-Nbdified Organic Resin (G 2)) In the present

i nvention,[%0A&éluse of the surface treatment liquid (B) containing the
hydr azi ne-nodi fi ed organjc.resin_(g-2 pared by reactjon with an active -
43 - hydrogen- Bngg?ngﬁﬁhﬁbﬂﬂﬁuﬂﬁ ?Fﬁ cghgbsé%eo?gg ﬂ?d%h?ine derivative (h)
in which sone.or . al contai.,n _acti.ve glegggp q&¥%§ it possible to

SS1V, L 9 Cor{po nggae hig di id-c
provi de aPsifd BAd8R RSl cOat &4Cst &8P 9SRedF HaVio iy S ghiFiTdht I y
sati sf act r oS [ e ii.| d i i d I.Vi IS
i i oed PEGagg Y sSLuRE FREASC SRk BB, B EL BRI PO o by
t he reacti f edet ' .Ql: i [ i :
hydr ogen: Contal fneeommonad ) toopoc it e hadr ait e deraatve (h) in
whi ch song 01 hal Lo oeemROUNdS:  CaBL-3H R AGK ke shrdegan AR, &sigbd@y be used
as the organic resin (C without particular limtation as long as it can react

with the agtityve BYH-QEEHNCBIPNAY ¢omrOBadtlich ec@mased efnd hendydrazine
derivative (h) to establish a bond between the organic resin and the active
hydr ogen- sGanhal Ridug 1Gepewht( ipr Dyi ddditdon &t condeasabhorekeathine® .and as
long as it appropriately forns a film Exanples of the organic resin (Q

i ncl ude epioxyvieesi s, tiedichised wapaxy coasiuas,i opoliyureichaned agidws; pol yest er
resins, alkyd resins, acrylic copolyner resins, polybutadiene resins, phenolic
resins, amevadductsdandonendersat esnafdthese esésiols.shftesd reesiary neyw be used
separately or in conbination as a mxture of two or nore. [0073] - 44 -

As the ordanride résiie HEresasmrapdry rgdows- ¢huet dihdiakgpasssiaf (g ftdlat, cont ai ns
an epoxy group in the resin is particularly preferred in view of, for exanple,
reacti vi t phusasevefinde détfiferuldnd igositasikdndr esicstlance Biamsrestiod t he epoxy
group-containing resin (d) include an epoxy resin (01-1), a nodified epoxy
resin (CLLRFrogh oac mpsiie tasws! wimst thesiqenCottdy idepar ed by, for exanpl e,
copol ynmeri zati gn with an epoxy group-contai ni ng nononer, epoxy
group-conﬂ&pﬁﬁﬂg pol ybut adi ene resins, epoxy group-containing pol yurethane
resins, and adducts and condensates of these resins. These epox

gr oup- cont ai ni g g8§Fﬁ§bﬁaya§8V83e °§e5§?aFgF9méPmrﬁr88 Fﬁ&%@&%tas a mxture
or two or nor 0074 Anpng these .resins serving as the epox

gr oup- cont®aic ﬁhﬁ[hre?&s]n r(e@o)r,tet%ﬁg%e Xy st - eé%dﬁ%e“fﬁfd%%%b epoxy
resin (01-2);;ane par tc'o%m'f;'a%ralk;ﬁ.é)rtef ec{}{ &d 1p yiew gf  adhesi gﬁrgﬁa%es%rifl%c,e of
the first 'TTayér (conposrte oxide Ti rﬁ and corrosion resistance. "Arong 't hese
resins, ther MseLUING 6001 1eeINs AN HIDEI G0 L0 1£5] {1 phi ch have
excel l ent barrier propeéerties against a corrosive factor, s as oxygen, are
optiml . The.secand lays. | oforAEdchyonsanOt bhesuckacar keaument |iquid (B)
cont ai ning the hydrazine-nodified organic resin (g-2) prepared by reaction of
the epoxy (@lQup- cant gidnithg 4 eSifTieh: deserhad abovaand, {he, agtjive
hydr ogen- cont ai ni ng conpound (i) conposed of the - 45 - hydrazine derivative
(h) in whisghe3om® @it Aldo ofo tCNPFURdSGARL aldt iagt} uehdyskqgen; i dder eby

provi ding a zinc-based netal coated steel sheet having significantly

sat i sf act aleyjuGoti0So af esicsilante cavebralt ia uiald tHd ckniasksd Aot heAfd I m - So,
it is particularly advantageous when inportance is attached to the
conductivity and spot weldability of a zinc-based netal coated steel sheet to
suppress the coating weight of the filmto a |low | evel. [0075] Exanpl es
of the epoxy resin (Cl-1) include aromatic epoxy resins prepared by reaction
of pol yphenol, such as bisphenol A, bisphonol F, and novol ac phenols, wth
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- 47 - above include resins prepared by prepared by all ow ng epoxy groups or
hydr oxy groups in the epoxy resin (Cl-1) described above to react with various
nodi fiers. Specific exanples thereof include epoxy ester resins prepared by
reaction with drying oil fatty acids; epoxy acrylate resins prepared by
nodi fi cation with pol yneri zabl e unsaturated nononer conponents containing, for
exanple, acrylic acid or nethacrylic acyd: and urethane-nodified epoxy resins
prepared by reaction with isocyanate conmpounds. [0078] An exanpl e of the
acrylic copolyner resin (Cl-3) prepared by copolynerization with the epoxy
group-containing nmononer is a resin prepared by, for exanple, aqueous

pol yneri zgepenibefubrbrenr, pohy REERZatPoRurbhesuspeHEPoRhBoBYHEHIdAad on of an
epoxy group-containing unsaturated nmononer and a pol ynerizabl e unsat ur at ed
nononer cBﬁﬁBﬁéﬁﬂeés§%nFP§IFPlééﬁtQPﬁinéhSCF9P§F€téylﬁ¥tH&@W?P&téﬁe

Exanpl es of the pol ynerizabl e unsaturated non r conponent include C to 024
al kyl est@?§aéfb89yyﬂﬁée§iiahﬁﬁa n@PHaEﬁ?IQES g?d?%sﬁc OYs CREURAAT

Lot Lbutyl PERSCHT RO YPace onbay PLC TeChFBEDy BESLCo0et HYPHERS ( hbt hBoryi ate

decyl (meth)acrylate, and |auryl . (neth)acryl - al.kyl et her
conpounds%S%eggﬁgﬁi%eggpﬁguﬁgfhgg yFPEé%§F§Y§§§y%§L8%%v§§§ﬁﬁo &Eﬁ%,
acryl am d L.ggrylonitrile, N- net hyl ol (net h) acryl am de, and

Nnethylolﬁﬁgﬁﬁfégryﬁanlne; and N, N-di et hyl am noet hyl net hacryl at e. Any
nonomner cgﬁgghgipgtgga%ﬁgéy group and a pol yneri zabl e unsaturated group, for
exanpl e, glycidyl nethacrylate, glycidyl acrylate, or 3, 4-

epoxycycl ghexyhmet hyl (neth)acrylate may be used as the epoxy group-containing
unsat urated nmononer wi thout particular limtation. Furthernore, the acrylic
copol ymer resipr{01: 3yapaepaEcdnbyakOROtYPREEZAL AGP1 Wekhibhe epoxy
group- cont ai ni ng nononer nmay be a resin nodified wth, for exanple, a

pol yest er pueshbatabnepexy 208s-n326r a phenolic resin. The organic resin
(© may be soluble in an organic solvent, dispersible in an organic solvent,
sol uble in waterl @t dappeeseéblUeekamwater PafO079phpplicatThe hydrazi ne-nodified
organic resin (g-2) of the present invention ains to incorporate the hydrazine
deri vati v@uph) cantiont Ne .mBl0€Au1€ 1660t he organic resin (C) descri bed above. So,
at |east part (preferably, the whole) of the active hydrogen-contai ning
compound (i) nBE8Hs3toJbpanheehydeazinhecdePivantvaprphicaedarai ni ng active

hydr ogen. In the case where the organic resin (C is the epoxy

gr oup- confabaiiggtiesi No(-C2P04tRE3LEF owi ng conpounds may be - 49 -
exenplified as_the active hydrogen-containing conpound (i) that reacts with
the epoxy grouBTLChe SRPRRABSBrUnBrensprefhBaeCRbnPBEAdS2afbe used. Also in
this case, at .| east part %preferabl , the whole) of the active
hydrogen-EHH@éFﬁFﬁ@ncgﬁpo QQBCﬁf5ﬁééds to be the hydrazine derivative (h)

cont ai ni ng act|j drogen. a_hydrazjne ri ive (ii) containing active
hydrobe; ’ a p?%ﬁagg 6?8§888ﬁd5?§e%ﬁ$ﬁ8'cgﬁﬁg%SElXi2§|Léntainihglagtivelv
hydrogen . a ta_.and_organic_acid, (i,3), s carboxylic acid hydrogen
hal i de (i4),nEE@P Qé_&ﬁeﬁgaéﬁ EBE8PF3§OZaP§§2§V§and thi ol (i5) - anyact?ye
that Ts = mxtbiE of Beparerhr IR Ao mes of the
hydr azi ne pdenri;yati;ye coRbaiiisRggacti ve hydrogen include: (1) hydrazide
conmpounds, such as car dhy?razi e, proplonic acid hydrazide, salicylic acid

hydr azi de, adi pirg 99igagghxgéaéhgﬁamiﬁgacbst@ﬁde bhydrazide, dodecanedi oi c
aci d di hydrazi de, isophthalic acid dihydrazide, thiocarbohydrazide,

4, 4' - oxybipgbenzeraesyl enylhwdrazizda,; benzophenonehydrazone, and
N- am nopol yacryl am de; 2) pyrazol e conpounds, such as pyrazole, 3,5- - 50 -

(
di met hyl pyrazober, §:nabﬁﬁﬁe5epwﬁaz@h@ﬂ@d ande3tamopo-izatiehhyl pyrazole; (3)
triazol e conpounds, such as 1,2,4-triazole, 3-amnol, 2,4-triazole,

4- am no- 1p2p4-ilchitazel &o .3-2mescaptia s, 2, 4- triazole,

3-am no-5-nercapto-1,2,4-triazole, 2,3-dihydro-3- oxo-1,2,4-triazole,

1H benzotri azobel. 19hydrpxybenzohekandhed( manehydiad)ication

6- met hyl - 8- hydr oxytri azol opyri dazi ne, 6- phenyl-8-hydroxytriazol opyri dazi ne,
and 5- hydroxy-7-nmethyl- 1,3,8-triazaindolizine; (4) tetrazole conpounds, such
as 5-phenyl-1,2,3,4-tetrazol and 5-neroapto-1-phenyl-1,2,3,4-tetrazol; (5)

t hi adi azol e conmpounds, such as 2-am no-5-nercapto-1, 3, 4- thiadiazole and
2,5-di mercapto-1, 3,4-thi adi azole; and (6) pyridazine conpounds, such as
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(4) conpounds prepared by nodifying a primary am no group of al kanol am ne, for
exanpl e, nonoet hanbl am ne, neopent anol am ne, 2-am nopropanol, 3-am nopropanol,
or 2- hydroxy-2' (am nopropoxy)ethyl ether into ketimne. [0082] Exanpl es
of the organic acid (i3) that may be used as part of the active
hydr ogen- cont ai ni ng conpound (i) include form c acid, acetic acid, propionic
acid, butyric acid, caproic acid, lauriyg acid, palmtic acid, stearic acid,
oleic acid, linolenic acid, oxalic acid, malonic acid, - 52 - succinic acid,
glutaric acid, benzoic acid, phthalic acid, gallic acid, terephthalic acid,
i sophthalic acid, salicylic acid, lactic acid, citric acid, maleic acid, and
adi pi ¢ acPdbljioa88pnEXanpkedlof7LhéShydrogen halide (i4) that may be used as
part of the active hydrogen-containing conpound (i) include hydrogen fluoride,
hydr ogen broni &L bhd farBerEsn Yeriaelngd ent ApplhaprEsdnof the al cohol and
t hi ol (iSé that may be used as part of the active hydrogen-containing conpound
BbﬁéFﬁEHQP,N@th%ﬂ%ﬁ?zgﬁgéﬁnol, propan-2-ol, butanol, phenyl nethanol,

(i) inclu
propane-1, 2-diol, ethanethiol, butane-2,3-_dithiol, and 3:nercapto-2-butanol.
[ 0085] 1T¥E%u%ﬁbrqéﬁip?ﬁﬁ(ﬁ??ﬁﬁW%@F%g%%?e??Gép?ﬂ%fa5ﬁ9nbe used as part of

the activ dr ogen- cont aj, nj.pg ound (i) is conposed of a m xture of an
acid and gﬁgi&FFgéoﬁy@POQEEbEFéggﬁgdrazine derivative or a tertiary amine in
order to perm active hydrogen-free h i n j jve or the tertiary
am ne, which d%%%hﬁ%t e n?%%dﬁ%%% @;ﬁ%ga%gégééyg%$§£%¥€%%xreact with an

epoxy groggblegtgggtﬁ%pa?gogbbgﬁgggting agent reacts with an epoxy group in
the presencé of water O form an epoxy group-containing organic resin and a

quaternary sal 37 a5, Ne eggdﬁggéﬁ@iﬁoys§gggg65- 53 - prepare the quaternary
chl orinating agent, any of acids, such as organic acids, e.g., acetic acid and

lactic acid, apfl,iOr 9anhLnded dfneLalineBYHE0ERE ORbS1 f6hHioARY be used. An
exanpl e of the active hydrogen-free hydrazine derivative used to prepare the

guat er nar pyghk egtnahi Rg.ageob-589806- di chl oropyri dazi ne. Exanpl es of the
tertiary am ne include dinethyl ethanol am ne, triethylamne, trinethylamne,
triisopropyl ampre, 1 andrapihysdi etdanel asineat §0086pplicatidhe

hydr azi ne-nodi fied organic resin (g-2) prepared by reaction of the organic
resin (C) pabhditheiaat Nwe hydeegd8a“éont ai ni ng. conpound (i) comnposed of the
hydrazi ne derivative (h) in which some or all of conpounds contain active
hydrogen is foPhedlby Fsaenéon GlickdmionedaRateneshppl Craandnt he active

hydr ogen- cont ai ni ng conpound (i) at 10C to 300C and preferably 50C to 150C for
about 1 tBubbdget8oholirs. 20AE-1Le&é7/0on nmay be perforned after addition of an
organi c solvent. The type of organic solvent used is not particularly Iimted.
Exanpl es BHamasty PhAclodenkeépBnes, such as acetone, nethyl ethyl ketone, nethyl
i sobutyl ketone, dibutyl ketone, and cycl ohexanone; al cohols and ethers

cont ai ni n§SRYBLERY SFQéﬁ§W such as ethanol, butanol, 2- ethyl hexyl alcohol,
benzyl al cohol, ethylene glycol, ethylene glycol nonoisopropyl ether, ethylene
gl ycol nvﬁepﬁé&tyl et her, ethyl ene glycol nonohexyl ether, propylene - 59 -

lycol ! | ycol hyl et her, di et hyl lycol , diethyl

01 Yool mbnoet MRS cOREFSn Bt T Bk P cRECBFGBOF  hBRoTHEBAPY PO PREPL Bkt or s, such
thyl t |, acet at d_et hyl | _n-butyl eth

Soctats: ahaCBPORGLEECRyAFbear bork. UcKEAECE of hora aRG Xy Ene.  ne or two or

more of thase EamRoRds, B e user. AIONG these compandt.ed Kalane of et her

solvent iS particularl erred’in view o in an epoxy resin and

Fi1m for mebLhLt ool 0087k cace TG RESROTAIAN ied . HFLY YR ITArgen- contal i ng

conpound ) conposed of the hydrazine derivative (h) in"wh sone or all of

conpounds -6aRL-ah N sAeLi-UE cRY AL0GEN aisS Hek kR rANGS rnilmd th2QRats by mass
and particularly. preferably 1.0 to 10 parts by mass with respect to 100 parts

by mass ofhthe @hgaARGCekesht ch€) condiein® iofy hersalidbcydwie I n the case
where the organic resin (C) is the epoxy group-containing resin (Cl), with
respect teohBetAbxisNgheakl @hef sthelep®eetgrieuURrciridytgriasi,n (&) to the
active hydrogen-containing conpound (i), the ratio of the nunber of active
hydrogen gkatpseof at hasaeti ue hydoagennteett dirtsigeomiciit ijedwcime nunmber

of epoxy groups of the epoxy group ..containingresin (d), i.e., [nunber of
active hydrogen groups/nunber of epoxy groups], is appropriately set in the
range of 0.01 to 10, nore preferably 0.1 to 8, - 55 - and still nore

preferably 0.2 to 4 in view of corrosion resistance. [0088] The proportion of
the hydrazine derivative (h) containing in the active hydrogen-containing
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In particular, in the case where the epoxy group-containing resin (C) is used
as the organic resin (C), the reaction of the epoxy group-containing resin
(d) and a curing agent (cross-linking agent) results in the formation of a
dense barrier film The barrier filmhas the excellent ability to inhibit
perneation of a corrosive factor, such as oxygen. Furthernore, owing to a
hydroxy group in its nolecule, excellent bonding strength to the first |ayer

i s obtained, thereby providing quite excellent corrosion resistance (barrier
properties). Moreover, in particular, the use of an active hydrogen-cont ai ni ng
pyrazol e conpound and/ or an active hydrogen-containing triazole conpound as

t he hydr agiosgodeprinvaeisvet@Ryecont ai ni ng active hydrogen results in better
corrosion resistance (barrier properties). - 57 - [0091] A nmethod in

whi ch a niSeilldtéosf te FrPRLEBr m ng organic resin and a hydrazine derivative is
used has been_known in the related art. Like this related art, the sinple

m Xi ng of[pﬁé7ﬂiln}forning organic resin with the hydrazine derivative
provides little inprovenent in corrosion-inQLbitin effect. The Leason for

this is that in°tRECFEPEE et ar FOrEARIAY P EIP he der Fiat +UESPECRSt PANEOr por at ed
in th | | f. the filmf i I in. Jt.i |.at ed t hat

Al t hough FRECH GRS, FAECHSr Ttk Y LR o PRBE. TREBFpSPS: Sa e RS ndt eoul e of
the filmf i i i.n f. .ch h ith a.netal
i the 11 POF TP age Er e o L B TR S B G T I e & Dl e

|ayer becgyse of J kS awiMbaculan WEkohy L CANELASL i e, Digsen

i nvention, the incorporation o e“hydrazine derivative into the nolecul e of

the film fQrakng 0LgaRimbeeN RN AVicdeokhe caukl 8ee*48kl, eRthe surface
corrosion-inhibiting effgbt. Thus, even if the thickness of the second |ayer,
which is aRc@iaRALC 1He®iR fia)Meohtahitdueed irsohdemuli@iemswit he conductivity
of a zinc-based netal coated steel sheet, the second | ayer that is fornmed by
use of thecsukfiaceat ceativRAt hirgdhdneB)esant anileg ohhernklydraz ne- nodi fi ed
organic resin (g-2) nmakes it possible to inpart desired corrosion resistance
to the zi nonhased aetrdllicoatednskaellsibeet the- ca8 ion[i@0%2ethane Itedire present
i nvention, the surface treatnent liquid (B) containing the organic resin. ()
may furthemudeiba coatadsti ngr evedkiaee adei tieveofjir. flResti dPredvemaduwe Additive
(1)) As descri bed above, the formation of the second | ayer using the
surface t sedemerd [firgm ¢priBprof tohéeptesent amivengirompsr eriddes a zi nc- based
netal coated steel sheet having significantly satisfactory corrosion

resi st anc@uatgrapder aroondirh e litnlitioupsy he deturrdiexysfilanst, @fd enhance t he
corrosion resistance of the zinc-based netal coated steel sheet, it is

ef f ecti ve legsad@nenhe idagse goapdiniovadead tihgd Coptatme Adstl gy ams ve
additive (j) content of the surface treatnent liquid (B) is preferably in the
range of &BGGE1YEUUGCABORRI3O%PHY FEISCHST drmd SCHE doid 1 PIBhit ent . [ 0093]
The type of Lust ,preventive additive (j) is not particularhéhlinited. Any of

rust prevERONGedddi ERVES, ILGER Sas An SRR U OfPay EnfiSFEEP U WRmt | y

provi des' the foregoing._effect. At |east .one of the follow ng,.conpounds (k)
and (1), Wi%h ngl?&rf%-lroé‘gaigﬁoﬁ&’nﬁt &Piedird 1% 395 Y c @ é’ra\r‘)iaqi)]?%;%‘?la‘gl y used:
(k) Ca ion-exch ed silica; and (1) silico ide.. -_59 - [0094 . The Ca
ion-exchaﬁﬁ%l%gﬁﬁgcg'3?53%5%1 ﬁ%ﬂééﬁﬁg%eﬁyu?k é#%fa}%o?o%gegﬁgﬁgakﬁgﬁopomder
contai ni ng, %%'ﬁ'al&]@ 't%%t}rléﬁ%d 1H%élil&rf(%‘3?%o%fta%rfd |85 oozf\ﬂérﬁec Rowdgr . The Ca

i on- exchanged silica rel eases ions’in a corrosive environnen o forma
preci pi tate Higdm; dhelehy PLedd g ke rist Prevrnt iig et 1 Any
desired Ca igﬁbé%ghange sﬁﬁica may be used. The iéh-excﬁénge&’silica has an
average pakbitGhe $Z&h & KIQhd assad vy efridyimdt tyB or | ess. For
exanpl e, the Ca’i on-exchanged silica having an average particle size of 2 to 4
km may be preferiabl yrusadn An average particle size of Ca ion-exchanged silica
exceeding 6 kmcan result in reductions in corrosion resistance and di spersion
stability [iopitshe surface treatnent liquid (B). The Ca ion-exchanged
silica preferably has a Ca concentration of 1% by mass or nore and nore
preferably 2% rbe8%bygonssg. fAnGangenaentr aedonoofthkesenphan ib% oy mass can
result in an insufficient rust preventive effect owng to the rel ease of Ca.
The surface area, pH, and oil absorption of the Ca ion-exchanged silica are
not particularly limted. [0095] Exanpl es of the Ca ion-exchanged silica
that may be used include SH ELDEX C303 (average particle size: 2.5to - 60 -
3.5 km Ca concentration: 3% by mass), SH ELDEX AC3 (average particle size:
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The phosphate used as conponent (n) includes all types of salts including, for
exanpl e, sinple salts and double salts. Metal cations contained the salts are
not limted. Any netal cation of, for exanple, zinc phosphate, nmagnhesi um
phosphat e, cal ci um phosphate, and al um num phosphate, may be used_ The

skel eton and the degree of condensation of the phosphate ion are not limted.
Any one of normal salts, dihydrogen sal.ts, nonohydrogen salts, and phosphite
may be used. The nornal salts include orthophosphates and all condensed
phosphat es, such as pol yphosphat es. Furthernore, the conbi ned addition
of the phosphate serving as conponent (n) together with a cal ci um conpound
furt her itpeopessehe coveosion.r eBistanceindhef chiei ppeeonpoundenayobe any one
of cal cium oxi de, cal cium hydroxide, - 63 - and a calciumsalt. One or two or
more of thesdesompbaddbeday -be used. Exanpl es of the calciumsalt that nmay be
used include, but are not particularly limted to, normal salts, such as

cal ci um si(ll) cat 8ineabeparh BaEBéngPatednatealcFhiREPhISFREEES SadiIdE®&ai ni ng
only calciumas a cation; and double salts, such as cal ciumzi nc phosphate and
cal ci um mkghBsPURPPAGSpRAL 8, SBEERCEORE aPNFARCCRPEPHNTENE1a COAHESh ot her t han

cal cium The skel eton and.t he degree of condensation of the nol ybdate
used as tHQYS5Wp§H8n§uES?CSrngEI%Fyﬁggea.%E95$EV8§ 8 rPﬁé}uﬁﬁlybdateyinclude

ort honol ybdat es, _par anol ybdat es, and net anpl ybdat es. The nol ybdate i ncl udes
al | salts}n§38a18§ ﬁo%ﬁﬁ%gsiﬁygraﬁa d8u8F8°§§lg§¥eEXanples of the double salts
i ncl ude phosph I t : es_o0 anj ound used as the
conponent (p) ?ﬁ2V%ggﬁt?$%zg EEFEégggkais1§3%ﬁ§??$gzgké}§gﬁg 4

3-am nol, <tripa - [TBF Q- , 4trbazole, a-ani nes
nercapto;%P%F%?Fr%gggFg%ngﬁég%ﬁgge%? t??gzglg? tthFs, suc%lagéatéd

1,3, 5-1ri a2iR8- 2n#eb- £hl tRiOLuradde2s rMeheapt gbenzistidarela; ddutadi azol es,
such as 5-am no-2- nercapto-1,3,4-thiadiazole, and 2, 5-di nercapto-1, 3, 4-

thi adi azohgyetrhbagobes£oshshgas ryi NgNgiehBylt higgbemnzothirgzele and _

2- mer capt obenzot hi azol e; and thi urans, such as tetraethylthiuramdisulfide-
[0101] - tBéatment 1ThA@iboOt(al) awpuatn@hgt Ae redsh emeMentdnvgaddindtve (j) (the
total anmount of one or nore of the self-repairing naterials selected fromthe
conponent sopkkingll, candopir L@etprhe meshiea sawdrddnayer1i)s sardefear ably in the
range of 1 to 100 parts by nmass (solid content), nore preferably 5 to 80 parts
by mass (sohidndéantenty)l icamesini kehuisrienpriefenablthel @attd. B0 partesHanamss
(solid content) with respect to 100 parts by mass (solid content) of the
organi ¢ resisin emuieisor flacd )t ceatteentink qti de@B)t. oAe asdumnisf the rust
preventive additive (j) added of less than 1 part by mass or nore than 100
parts by mEgstdanadeguioupi wedecdddctfiron o iggmyodicort arddiagtyarrganashi ch i s not
preferred. [0102] In the present invention, the incorporation of

appr opr i aUECRRSURNS EHatRENSETT AFEWAILT § it SFCAIPS /(1 to (p) serving as the
rust preventive _additive (j)._in the _second |ayer provides quite excellent

cor r osi on tRéSRSLEREy Sdere. rdpai Aitnd certe OPF. STHENFo SAUR I N taIBHY osi on
mechani sm of the second |l ayer containing the rust preventive additive (j) is
as foll owdS)[ & §]Contalnﬁnth§e€§§eQﬂﬁeF@aFﬁévfbﬁ&&ﬁﬁﬁoqié,gR&HRﬁlis t he
rust preventive additive (j.), S incorporated i.n the .second |ayer, when
cations, §& ﬁc§§%N%|ri°3h§,c(tlé%(’teeM dlrrf?ge?ecc@r?&aﬁév@rg iaﬁnlé“ocoqrrroousﬁ%e #hvi r onment ,
Ca ions on_silica surfaces are, - 65 - rel e o) e function_
Furt her nor&, 1% 6ns "afc "o (11;%?rggpﬁo%n?%egﬁQ%§%§nl%B}gﬁl{’bo Tve

envi ronmeng. tQ .. t pH.. i vici:nj t i nferf - t coat ed
layer. Sof&te%_%tégl%ir% s%rt eﬂ?géeg fvgéﬁaﬁ'ﬁe_a%q c?)ré xo_éﬁging(egcf ’siﬁa?%ato‘;anrlem

pr eci pi t ateddoirn® g or B oPhyaCa o Oknb) 2urtddie tiiclidnt. Ofi dis | pber f ace of
the coated. Fayer. The resulting dense, sparingly soluble product ‘seals
defects, thenely J i Rt NG A CATLHAMG RISy MY epvear, ddtisepel i eved
that the eluted zinc ions are exchanged for the Ca ions and fixed to the
silica surfag@%ements The eMmeneriesdnife@ntydiit,esid aittiher frHdedd @hef a
dense, stable corrosion product of zinc in a corrosive environnent. The
corrosi on 1pRRAUGEs ifS raers &y aipRaton the [Syd aceafmdrie coated |Ryer,

t hereby inhibiting the acceleration of corrosion. [0104] The conponent
(n) is dissociated into phosphate ions by hydrolysis in a corrosive
environnment and is subjected to a conplexation reaction with the eluted netal
to forma protective film The conponent (0) provides the self-repairing
properties on the basis of a passivation effect. That is, the conponent forms
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Anmong these lubricants, the polyethylene wax (m 1) and fl uorocarbon resins
fine particles (n2) (in particular, polytetrafluoroethylene resin fine
particles) are particularly preferred. Exanpl es of the pol yet hyl ene wax
(m) include Ceridust 9615A, Ceridust 3715, Ceridust 3620, and Ceridust 3910
(trade nanes, manufactured by Cariant (Japan) K K ); Sanwax 131-P and Sanwax
161-P (trade nanes, nmanufactured by Sa Chem cal industries, Ltd.; and

Chem pear| W 100, Chem pearl W200, Chem pearl W500, Chem pearl W800, and
Chem pearl W - 69 - 950 (trade names, nmanufactured by Mtsui Petrochem cal

I ndustries, Ltd). [0110] As the fluorocarbon resin fine particles (nR),

t et r af | uotbethygbeteihisnenpargaociesrasénnmigt prefesredacer efferthed fexaatpl es
thereof include Lubron L-2 and Lubron L-5 (trade nanes, nmanufactured by Daikin
| ndust ri esayerdandvperdoraiaoVPIId0g( bvablleahanss, apdnifavhdicsd the

M tsui-Dupont Co., Ltd.; and Fluon D spersion ADl, Fluon Di spersion AD2, Fluon
L141], FI GenallsbickasesFrdoihe1E5T5Et Ladernanss thRaAeraetuléy sy isahi | C

Fl uor opol ynmers Co., Ltd). Anong t hese conpounds, conbi nations of the

pol yol ef i Alw&kCak@ ke OfeCr af tGoro8t HfI BRE FiAE particl es shoul d provide a

qui te excellent lubricating effect. 111] The amount of the | ubricant
(m in théI%eEE}ﬁdplré’ﬂ?@Ftil? Péf gf’&waillﬁ‘ tRe) r3hge"BF 9513 %uﬁyﬁﬁf’& by mass
(solid content) and re _prefera t O0.parts by .mass (solid.content) with
r espect tga‘ioéspéﬁ é"[rr‘%y rr?g‘?? ()goﬁh% g8nt%é%t }Dgof“atsﬁe%&gcgaﬁie%preecﬁ F9n the
surface treat i_gyi, ) . An f.the.luybricant (n) of 1 part by mass
or nore récg%I g?%%% aS%slil#jT %?E(‘:tr?te Fgg‘r‘g:ﬂgltgflgn&&gﬁ'flgét An anmount of 80 parts by
mass or | d .ca r.educti.on i R :pai il itV o 0 -0 -

In the prggg%t (E?l%vg%tllo%n?@gm%grsi %g tatggntsor&n:a%@l ggt g%&egtl%igngehéc%ﬂ@ le{lce t r eat ment

liquid (BhgeRtOr@sr 0 hQr moting 8¢cond hawsh S&iMis1enas =3 dense barrier film
So, the second layer may be forned by thermal curing. As a curing nethod

for form ng.rhe seconth l@yerrSy&idl B A wensesparrier film the fol I ow ng
nmet hods are appropriate: (1) a curing nethod that uses a urethane-formng
reacti on hetrweerhan rda3qcy aah@ sandrathyedsery goduphef a base resin; and (2) a
curing nmethod that uses an etherification reaction between an al kyl-etherified
am no resitetand 1&dxydidanegr@yp tef thebas ikesifmn thichehallkietherddrted am no
resin is prepared by partially or entirely reacting a nethyloi conpound, which
i s preparéd)byir.eacti(@3/df) ones ain ndre compoundsO sk ecd ed. 4% om nel am ne, urea,
and benzoguanam ne with fornmal dehyde, with a. nonohydric al cohol having 1 to 5
carbon at diA®). thte irsitgar tdfcdlher mpspr dieel abfethe wssathe aréthapepbomnd ng
reacti on between an isocyanate and a hydroxy group of a base resin as a main
reaction. (e0113] terms |af th&prtésemesisnwdnttiben saliél sigs) aeé theat nent |iquid
(3) may further contain one or two or nore of organic color pignments (for
exanpl e, Fhsdatisoyagantc (GHgadi-€-pi deentls) ants pht hahdcyandnechbr ahidc

pi gments), col or. dyes (for exanole, organic sol vent-sol uble azo dyes and

wat er - sol 91 & -&#726 @ét%al dyes), inorganic pigments (for exanple, titanium

oxi de),

- 71 - chelati t f le, thipls), ducti [ t
(for bxand’s, Shswdaia bR it S2ouci-heos) RE® SAGATAUR CEREOHO A fron
h hi de,, d anti - ti [ , [.i f le, sil
Coupl | ng AGeREE @ Tt 1oL EolBong ‘oI . SnckHer &R HECoyar i 11 hoid

dd , ded. [0114], (A [ [ d i hed ab ,
The use’ of kG Stk ST e rtont S aii'd’ £ whr o oo aFAAIE nE of i ¢ resi

(g-1) contaj g)i ?_gb an OH group and/or a COOH group, or which contains the

hydr azi ne-modifi'ed organic resin (g-2) results in a zinc-based netal coated
steel sheet, hay : ian and Londucty v R exaimy e, , Wwhen

i nportancgzi)s%\efl{t Fglcﬁi&q{do%se&ggﬁaqi Ity G%F a zilncé-%%esteddgnset al cogltned st eel
sheet, theisyrfage thRAldRANild Gud o Blg)com aifu ndar el &l r&lndi € o
uret hane-nodi fied acrylic Tesin and/or "a water-di spersible urethane-nodified
acrylic r@ﬁgﬁi@)(@erdﬂrﬁgai&fs the @i reasim (1) thecwdnthagedn(r), the
silicon oxide (1), and the lubricant (nm) in a specific ratio is preferably
used. [01b%] group Hitl et ef @Ik up.et hane-nodified acrylic resin (q) may be
a water-soluble resin, a water-dispersible resin, or a mxture of these
resins. A nethod for nodifying an acrylic resin wth urethane is not
particularly limted. - 72 - For the water-soluble or water-dispersible

uret hane-nodi fied acrylic resin (q), the solid content by mass of a urethane
conponent in the solid resinis preferably in the range of 10%to 50% by nass
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The amount of the silicon oxide (1) added is preferably in the range of 3% to
40% by mass in terns of the solid content by mass with respect to (q) + (r) +
(1) + (m. [0122] The amount of the lubricant (m added is preferably in
the range of 2% to 20% by nmass and nore preferably 5% to 15% by nmass in terns
of the solid content by mass with respect to (q) + (r) + (1) + (m. [0123]

In the present invention, for exanple, surfactant, called a wettability

i mprover, used to forma uniformfilmon a surface to be coated, a thickener,
a conductive material used to inprove conductivity, a color pignent used to

i nprove design, and a solvent used for inproving filmformability, my be
appropri at@)y Iaddée tzonchbased actailr captedt stiegdi ¢heBY desdrfidred hier second

| ayer, as needed. [0124] (Formation of Second Layer) As described above, in

t he preseditemvdnti dhe thgasdct aeeinr dat méht theqelgfeBp iteeapplardd to a
surface of the - 75 first |layer and dried by heating to formthe second

| ayer . LiouighpBes contaimst RodyPsRZzapsrifraa fire supprade tyesdtrmel-4)i quid (B)
to the surface of the first la include a_roll coatin% nmet hod, a bar coating

er
net hod, af GHRREY SYorf SRELAGE, Wahd &0spPray VEoBYARGIRBIROAT ARG i num method i s
sel ected, depending .on, for exanple, the shape of ,a zi,nc-based netal coated
st eel she(?to“ﬁ)D(S’”E)’éPl '?(rlga é’alpoﬁﬁ?éeggjp@cihﬁ’gfélzll?% F&Flgﬁéﬁfﬂee,(%ﬁf P Hhecthased
net al coated steel ﬁhe to be treate% has _a sheeh ggap% t he surface

treat ment SKuiCE i%S aﬁ%fF@@pﬁyngsr8PP 868t PG VSt RIFESPR “bar coati ng net hod

[ d inc-b I I h h. [
i ght 1S T 2L R R e A eR TP COF By B Gng 5 ha GG A high

pressure. Jdfy & Re Basad Mahal. L3y ed ckeal, 3heel s figidmd 1 it a formed

article, exanple, a method is 'ected in which the article 1's imrersed in

the surfacge)t reatdiR donfuiithsand rwstth%&@%nttﬁ%reefaa@mt_i%d (4 Some cases, an
excess of the surface treatnent liquid is blow off with conpressed air to

adj ust thgsgoatd Raeiight bals@i2Rletal coAftleer sithe 1appldetatdctBfnddesurface
treatment liquid (B), drying is performed by heating w thout washing with

wat er. However (43 Waher r@shigievehep vieawdee thekf qrnedoaftizemd hecyappl i cati on of
the surface treatnent liquid (B). A heating tenperature (maxinmum sheet

t enper at urae)d Ashien I helescribed Sulioase theeropatr tlioguiod B)e irustried is usually
in the range of 50C to 350C and nore preferably 8000 to 250C. A heating

t enper at uperesferii@eoradhiighier ddées isotincdbse rangrollferh tsudbpartreducti on in
the corrosion resistance of the zinc-based netal coated steel sheet, because

t he sol vemasiss imottengfst oifn thise soédond ondnpert. wA the ateispg ate e rdtairtsotofl 350C or
| oner does not cause the probl em because the occurrence of cracking of the
second | ayp@oung sifppi0ds pedt sAbiyeamesdr with g heetre@nis wetsipartd)culrarthe | i mit ed.
The surface treatnment liquid (B) may be dried by heating using, for exanple,
hot air, &Nﬁfﬁéﬁbﬁﬁ@ﬁtﬁ@éﬁeﬁ}quﬁﬂrdééd radi ati on, or near infrared radiation.
An appropriately optimzed heating tine is sel ected, depending on, for
exanpl e, tie Gfpe B eHchengssedifetCa’ @545t ed steel sheet used. The heating
time is preferahly in the range of 0.1 to 60 seconds and nore preferably 1 tc
30 seconds'li)n SHildwOSF O € -exanpl e, productivity. [0126] The thickness of the

d | [ ferably 0.0 d, | h . [
o1 o7 or abi f Fn T Farg8 0P 0 182 p RAAEr A Ty RBAT IR € he
t hi ck f dryd ti i.s O. . ff.icj.ent.
rosi ot ancd Mnd T Rer BNt Gasiiel dde 4B BVHRSD LR AT e b ese 1 han 3

{oLned(JgZ gg(tBt)ﬁg{%ecé%lr %%%Cttaii iandl%%'lqlé%%t"i(tn%' - 77 - In particular,

ydrazine-nodified organic resin (g-2) as the organic resin (g)
for the Secnd {axeh o e HLS 4 A WISQsmAf 1 I m having excel | ent corrosion
resi stance even at a small thickness. So, it is particularly advantageous when
t he conduqgtgovidyy is inproved without reducing the corrosion resistance. [0127]
<Total Film Thickness> The total thickness per side of the first |ayer
(conposi te oxi decbirtbihgand the peeard:! aneenteoaanie resipdskiiblke lkecat ed
thereon is in the range of 0.1 to 3 Rmand preferably 0.1 to 2 Rm A total
t hi ckness pafovliegs o hAmO-bhs@a hrRads tdtslfdicdlenhaar nesiimn resi stance. A
total thickness exceeding 3 gmleads to a reduction in conductivity. To
stri ke a bal ance between the corrosion resistance and the conductivity,
preferably, the first layer (conposite oxide film has a thickness of 0.05
1.1lmor nore, and the second | ayer (organic resin filn) has a thickness of 1.0
gmor less. [0128] The present invention provides a steel sheet including
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1. Method for Form ng Test Sheet (1) Test Sheet (Material) Commercial ly
avail able materials described bel ow were used as test sheets. (i)

el ectrogal vani zed steel sheet (EG: sheet thickness: 0.8 mm weight per area:
20/ 20 (g/n2) (ii) hot-dip galvani zed steel sheet (G): sheet thickness 0.8
mm wei ght per area: 60/60 (g/nR2) (iii) hot-dip gal vanneal ed steel sheet

(GA): sheet thickness: 0.8 mm weight Rer _area: 40/ 40 (g/ nR) The "wei ght
per area" indicates the weight per area of each steel sheet. For exanple, in
the case of the el ectrogal vani zed steel sheet, "20/20 (g/nR)" indicates that a
coated | ayer having a weight of 20 g/nR is arranged on each side of the steel
sheet. [0&88¢llehtPpetpeatirent (WaBhaagyorrosiqesrepiskaschep@dproduced by the
foll owi ng process. Surfaces of-the test sheets were treated with Pal cl ean
N364S (nmapdhagioredapy NeMdRgParketienhgceaductiniyyt 8VPBNBPESSi | and dirt on
the surfaces. The test sheets were then washed with tap water. After checking
that the se¥ersheendihiépascuhpret Ehg ﬁE??édSQF?E %ﬁtép CBBF@C&aM&Fh(delonlzed
wat er) was poured onto the test sheeg The test sheets were dried in an
atnnspheréoﬁagﬁﬁﬁpéeteﬁpgﬁékﬁFeanal B¢ FﬁnEﬁCgVBHeaﬁHtheﬁnused as the test

hero m xCBIFhGALEF- sBLAB0b AEAPETEocBNBBEPLrBnEcCHatIEohy mss) descrlbed in
Tabl es 1- é gsﬁoégtgagregg%gétre§$gegk?agﬁgé ?lgﬁ) for zinc-coated steel

sheet s. represent the solid content of
the resin H?bilon (a), the solid content of the tetraal koxysilane (b), the
solid conten f the silane coupling agent (c), the solid content of the - 81

- chelating a e: undin terns
of Ve and Tho Lty U Somsaril L1 Ferieor ot FRaLeY et B " 0T5s)

[ Table 1-1L,Tgble 1.--1 Test |evel Exanple 4anRl e 'Exanpl e Exanple -Exanple
Exanpl e Exanple Exanmple ,----."-. Exanple ..  Exanple Exanple 1 .2 -3 45
6 79 __ 10ikhd¢dpidddlBetatampaieal stype shpefs) 131, _ _

Examples of a zinc-based metal coated steel sheet
according to the present invention include, but are not
particularly limited to, a hot-dip galvanized steel sheet
(GI), a hot-dip galvannealed steel sheet (GA) produced by
alloying the galvanized steel sheet, a hot-dip 5 mass% Al-Zn
alloy coated steel sheet (GF), a hot-dip Zn-55 mass% Al-Zn
alloy steel sheet (GL), an electrogalvanized steel sheet
(EG), and a Ni-Zn (11 mass% Ni-Zn) alloy electroplated steel
sheet.

[0021]
<First Coating Film>

In the present invention, a surface treatment liquid
(A) is applied to a surface of a zinc-based metal coated
layer of a zinc-based metal coated steel sheet and dried by

heating to form a first layer. The first layer formed from



" hi bl 131 61 bl bl b2bl hl 62 Conponent (c) Type cl c el Surface (0 Type
treatnent liquid (A -- H4. . 4.0 _3-04.05.060 4.6- 4.0 4.0 4.0 -
4 4.0 4.0 rennet (a) Type al Conposition (e3V(ds Ratio ny 0.08 0.08
0.08 0.08 J s) (f )/(ds ) s Ratio by 0.06

- 16 -

the surface treatment liquid (A) is composed of a composite
oxide and has satisfactory heat resistance, weldability, and
adhesion and excellent conductivity. So, in the present
invention, the first layer plays an important role in
providing a zinc-based metal coated steel sheet having
excellent conductivity even under severe conditions where
the steel sheet is in contact with, for example, a gasket at
a low contact pressure, in particular, without reducing
corrosion resistance.

[0022]

(Surface Treatment Liquid (A))

The surface treatment liguid (A) for a zinc-based metal
coated steel sheet used in the present invention contains a
resin emulsion (a) composed of a cationic urethane resin
emulsion (a-1) and/or a nonionic acrylic resin emulsion (a-
2), a tetraalkoxysilane (b), a silane coupling agent (c), a
chelating agent (d), a vanadic acid compound (e), a titanium
compound (f), and water.

[0023]

The formation of a surface treatment film on a surface
of a zinc-based metal coated steel sheet by the use of the
surface treatment liquid containing the cationic urethane
resin emulsion (a-1) and/or nonionic urethane resin emulsion
(a) provides the zinc-based metal coated steel sheet having

excellent properties, such as corrosion resistance, adhesion
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of the formed film, and corrosion resistance after alkaline
degreasing, and having excellent formability, which is a
characteristic of a resin film-coated steel sheet.

[0024]

With respect to a cationic urethane resin contained in
the cationic urethane resin emulsion (a-1), a polyol, a
isocyanate component, which are monomer components of the
resin, and a polymerization method are not particularly
limited as long as the cationic urethane resin contains at
least one cationic functional group selected from primary to
tertiary amino groups and quaternary ammonium salt groups.
Examples of the cationic functional group include an amino
group, a methylamino group, an ethylamino group, a
dimethylamino group, a diethylamino group, a trimethylamino
group, and a triethylamino group. However, the cationic
functional group is not limited as long as it is a primary,
secondary, or tertiary amino group, or a quaternary ammonium
salt group and the performance of the present invention is
not impaired.

[0025]

The type of nonionic acrylic resin emulsion (a-2) is
not particularly limited. Examples of the nonionic acrylic
resin emulsion (a-2) that may be used include acrylic resins
emulsified with nonionic emulsifiers, for example, aqueous

emulsions each prepared by emulsion polymerization of a
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vinyl monomer, such as acrylic acid, methacrylic acid,
acrylic ester, methacrylic ester, and styrene, in water in
the presence of a nonionic surfactant (emulsifier) having a
structure of polyethylene oxide or polypropylene oxide.
[0026]

The proportion of the solid (ag) of the resin emulsion
(a) containing the cationic urethane resin emulsion (a-1)
and/or nonionic urethane resin emulsion (a-2) is in the
range of 11% to 45% by mass and preferably 15% to 30% by
mass with respect to the total solid of the treatment liquid.
A proportion of the resin emulsion (a) of less than 11% by
mass does not result in a zinc-based metal coated steel
sheet having excellent adhesion. A proportion exceeding 45%
by mass results in a reduction in corrosion resistance.
[0027]

The surface treatment liquid (A) contains the
tetraalkoxysilane (b) together with the resin emulsion (a).
The formation of a surface treatment film on a zinc-based
metal coated steel sheet by the use of the surface treatment
liquid containing the tetraalkoxysilane (b) provides the
zinc-based metal coated steel sheet having excellent
properties, such as corrosion resistance, adhesion of the
formed film, and corrosion resistance after alkaline
degreasing, and having excellent heat resistance and

weldability, which are characteristics of an inorganic film.
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Although the reason these excellent properties are obtained
is not clear, it is speculated that these excellent
properties are attributed to the fact that the use of the
tetraalkoxysilane (b) in combination with the resin emulsion
(a) results in the formation of a film having a three-
dimensional cross-linked structure composed of the
tetraalkoxysilane (b) and the cationic urethane resin and/or
the nonionic urethane resin.

[0028]

Examples of the tetraalkoxysilane (b) include, but are
not particularly limited to, tetramethoxysilane,
tetraethoxysilane, and tetrapropoxysilane. One or more
thereof may be used. Among these, tetraethoxysilane and
tetramethoxysilane are preferred from the viewpoint of
providing better corrosion resistance of a zinc-based metal
coated steel sheet.

[0029]

The surface treatment liquid (A) contains at least one
silane coupling agent (c) containing at least one reactive
functional group selected from an active hydrogen-containing
amino group, an epoxy group, a mercapto group, and a
methacryloxy group, together with the resin emulsion (a) and
the tetraalkoxysilane (b). The formation of a surface
treatment film on a zinc-based metal coated steel sheet by

the use of the surface treatment liquid containing the
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silane coupling agent (c) provides the zinc-based metal
coated steel sheet having excellent properties, such as
corrosion resistance and corrosion resistance after alkaline
degreasing. In particular, the surface treatment film
having excellent adhesion and scratch resistance is formed
on a surface of the zinc-based metal coated layer.

[0030]

The type of at least one silane coupling agent (c)
containing at least one reactive functional group selected
from an active hydrogen-containing amino group, an epoxy
group, a mercapto group, and a methacryloxy group is not
particularly limited. For example, trialkoxysilanes each
having three alkoxy groups and at least one reactive
functional group selected from an active hydrogen-containing
amino group, an epoxy group, a mercapto group, and a
methacryloxy group are preferred. At least one of these
trialkoxysilanes is preferably used. Specific examples of
trialkoxysilanes that may be used include, but are not
particularly limited to, N-(aminoethyl)3-
aminopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
3-glycidoxypropyltrimethoxysilane, 3-
glycidoxypropylmethyldimethoxysilane, 2-

(3, 4epoxycyclohexyl)ethyltriethoxysilane,
vinyltriethoxysilane, and 3-mercaptopropyltrimethoxysilane.

[0031]
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The proportion of at least one silane coupling agent
(c) selected from an active hydrogen-containing amino group,
an epoxy group, a mercapto group, and a methacryloxy group
is in the range of 1.51 to 5.35 and preferably 2.0 to 5.0 in
terms of the ratio by mass of the solid of the silane
coupling agent (c) to the solid of the resin emulsion (a),
i.e., (cg/asg),. A ratio by mass of less than 1.51 does not
result in a zinc-based metal coated steel sheet having
excellent corrosion resistance. A ratio by mass exceeding
5.35 results in a reduction in the adhesion of the film.
[0032]

For the purpose of ensuring the shelf stability
(storage stability) of the surface treatment liquid, the
surface treatment liquid contains the chelating agent (d).
It is speculated that the reason desired shelf stability can
be ensured is that the chelating agent (d) has the effect of
suppressing the polymerization of the tetraalkoxysilane (b)
in the surface treatment liquid. It is speculated that
owing to the effect, the quality of the surface treatment
liquid at the time of preparation is maintained without
alteration even if the surface treatment liquid is stored
for an extended period of time after preparation. The
chelating agent (d) is needed to stably dissolve the vanadic
acid compound (e) and the titanium compound (f), which are

described below, in the surface treatment liquid.
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Furthermore, the chelating agent (d) is less likely to etch
a surface of a zinc-based metal coated layer and does not
form a nonconductive film composed of, for example, zinc
phosphate, as compared with inorganic acids, such as nitric
acid, phosphoric acid, sulfuric acid, and hydrofluoric acid.
It is thus speculated that a zinc-based metal coated steel
sheet including a film formed by the use of the surface
treatment liquid containing the chelating agent (d) has
better conductivity.
[0033j

Examples of the chelating agent (d) include, but are
not particularly limited to, hydroxycarboxylic acids, such
as acetic acid, tartaric acid, and malic acid,
monocarboxylic acids, polycarboxylic acids, such as
dicarboxylic acids, e.g., oxalic acid, malonic acid,
succinic acid, citric acid, and adipic acid, and
tricarboxylic acids, aminocarboxylic acids, such as glycine,
phosphonic acid, and phosphonate. One or more of these
chelating agents may be used. In particular, a compound
containing a carboxy group or a phosphonate group in its one
molecule is preferred in view of the shelf stability
(storage stability) of the surface treatment liquid and the
corrosion resistance and conductivity of the zinc-based
metal coated steel sheet.

[0034]
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The proportion of the chelating agent (d) is in the
range of 0.15 to 1.49 and preferably 0.17 to 1.30 in terms
of the ratio by mass of the solid of the tetraalkoxysilane
(b) to the solid of the chelating agent (d), i.e., (bs/dg).
In each of the cases where a ratio by mass of less than 0.15
and where a ratio by mass of more than 1.49, a zinc-based
metal coated steel sheet having excellent corrosion
resistance 1s not provided.

[0035]

The surface treatment liquid (A) for a zinc-based metal
coated steel sheet used in the present invention contains
the vanadic acid compound (e). The vanadic acid compound
(e) is uniformly dispersed in a film formed on a surface of
a zinc-based metal coated steel sheet in a state such that
the compound dissolves easily in water, and provides what is
called an inhibitor effect at the time of corrosion of zinc.
Examples of the vanadic acid compound (e) include ammonium
metavanadate, sodium metavanadate, and vanadium
acetylacetonate. One or more of them may be used.

[0036]

The proportion of the vanadic acid compound (e) is in
the range of 0.03 to 0.23 and preferably 0.04 to 0.20 when
expressed in the ratio of the mass (ey) of the vanadic acid
compound (e) in terms of V to the mass of the solid (ds) of

the chelating agent (d), i.e., (ey/ds). A ratio by mass of
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less than 0.03 does not result in a zinc-based metal coated
steel sheet having excellent corrosion resistance. A ratio
by mass exceeding 0.23 makes it difficult to dissolve the
vanadic acid compound (e) in the surface treatment liquid.
[0037]

The surface treatment liquid (A) contains the titanium
compound (f). In a film formed on a surface of a zinc-based
metal coated steel sheet, the titanium compound (f) is
effective in imparting excellent corrosion resistance to the
zinc-based metal coated steel sheet (in particular, a
processed portion). Examples of the titanium compound (f)
include titanyl sulfate, titanyl nitrate, titanium nitrate,
titanyl chloride, titanium chloride, titania sols, titanium
oxide, potassium titanate oxalate, fluorotitanic acid,
ammonium fluorotitanate, titanium lactate, titanium
tetraisopropoxide, titanium acetylacetonate, and
diisopropyltitanium bis(acetylacetonate). Further examples
thereof include metatitanic acid prepared by thermal
hydrolysis of an aqueous solution of titanyl sulfate,
orthotitanic acid prepared by alkali neutralization of an
agqueous solution of titanyl sulfate, and salts thereof.
[0038]

The proportion of the titanium compound (£f) is in the
range of 0.02 to 0.19 and preferably 0.03 to 0.15 when

expressed in the ratio of the mass (fr) of the titanium
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compound (f) in terms of Ti to the mass of the solid (dg) of
the chelating agent (d), i.e., (f¢/ds). A ratio by mass of
less than 0.02 does not result in a zinc-based metal coated
steel sheet having excellent corrosion resistance. A ratio
by mass exceeding 0.19 makes it difficult to dissolve the
titanium compound (f) in the surface treatment liquid.
[0039]

The surface treatment liquid (A) for a steel sheet is
required to have a pH of 3 to 6 and preferably 4 to 5. A pH
of the surface treatment liquid of less than 3 results in a
reduction in the shelf stability (storage stability) of the
surface treatment liquid and causes significant etching of
zinc, thereby reducing the corrosion resistance and
conductivity of a zinc-based metal coated steel sheet. A pH
exceeding 6 results in a reduction in the adhesion of a film
formed on a surface of a zinc-based metal coated steel sheet.
In the present invention, in the case of using an alkali to
adjust the pH, ammonium, amine, an amine derivative, or
amino polycarboxylic acid is preferred. In the case of
using an acid, one selected from chelating agents (d)
described above is preferred. In particular, in the case
where the pH is adjusted with an inorganic acid, for example,
nitric acid, phosphoric acid, sulfuric acid, or hydrofluoric
acid, the amount of the acid added is, at most, less than 4%

by mass with respect to the total solid of the surface
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treatment liquid because of a reduction in the conductivity
of a zinc-based metal coated steel sheet.
[0040]

Note that, for example, a surfactant, called a
wettability improver, used to form a uniform film on a
surface to be coated, a thickener, a conductive material
used to improve conductivity, a color pigment used to
improve design, and a solvent used for improving film
formability, may be appropriately added to the surface
treatment liquid (A), as needed.

[0041]

The surface treatment ligquid (A) is prepared by mixing
the foregoing components in, for example, deionized water or
distilled water. The solid content of the surface treatment
liquid may be appropriately selected. Furthermore, a water-
soluble solvent, for example, alcohol, ketone, or cellosoclve,
a surfactant, an antifoaming agent, a leveling agent,
antibacterial and antifungal agents, and a coloring agent
may be added to the surface treatment liquid, as needed.

The addition thereof improves drying properties of the
surface treatment liquid, the appearance of a coating,
workability, shelf stability (storage stability), and design.
However, it is important to add the additives to the extent
that the quality obtained in the present invention is not

impaired. The amount added is, at most, less than 5% by
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mass with respect to the total solid of the surface
treatment liquid.

(Formation of First Layer)

[0042]

As described above, in the present invention, the
predetermined surface treatment liquid (A) is applied to a
surface of a zinc-based metal coated layer of a zinc-based
metal coated steel sheet and dried by heating to form the
first layer. Examples of a method for applying the surface
treatment liquid (A) to the zinc-based metal coated steel
sheet include a roll coating method, a bar coating method,
an immersion method, and a spray coating method. An optimum
method is selected, depending on, for example, the shape of
a zinc-based metal coated steel sheet to be treated. More
specifically, for example, if a zinc-based metal coated
steel sheet to be treated has a sheet shape, the surface
treatment liquid is applied by a roll coating method or a
bar coating method or is sprayed on a zinc-based metal
coated steel sheet, and then the coating weight is adjusted
with squeeze rolls or by blowing a gas thereto at high
pressure. If a zinc-based metal coated steel sheet is
formed into a formed article, for example, a method is
selected in which the article is immersed in the surface
treatment liquid and withdrawn therefrom, and in some cases,

an excess of the surface treatment liquid is blown off with

d2 ill
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compressed air to adjust the coating weight.
[0043]

Before applying the surface treatment liquid (A) to a
zinc-based metal coated steel sheet, the zinc-based metal
coated steel sheet may be subjected to a pretreatment to
remove oil and dirt on a surface of a coated layer of the
zinc-based metal coated steel sheet, as needed. Zinc-based
metal coated steel sheets are often coated with rust
preventive oil to prevent the formation of rust. Even if
they are coated with rust preventive oil, oil, dirt, and so
forth attached during processing are present. These applied
0il, oil, and dirt inhibit the wettability of the surface of
the zinc coated layer and create difficulties in forming the
uniform first layer. So, the foregoing pretreatment is
performed to clean the surface of the zinc-based metal
coated layer, the clean surface being likely to be uniformly
wetted. In the case where there is no oil or dirt on the
surface of the zinc-based metal coated steel sheet and where
the surface is uniformly wetted with the surface treatment
liquid (A), a pretreatment step is not particularly required.
Examples of a method for performing the pretreatment include,
but are not particularly limited to, hot-water washing,
solvent cleaning, and alkaline cleaning.

[0044]

A heating temperature (maximum sheet temperature) when
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the surface treatment liquid (A) applied on a surface of a
zinc-based metal coated layer is dried by heating is usually
in the range of 60°C to 200°C and preferably 80°C to 180°C.
A heating temperature of 60°C or higher does not cause a
problem, such as a reduction in the corrosion resistance of
the zinc-based metal coated steel sheet, because water
serving as a main solvent is not left in the film. A
heating temperature of 200°C or lower does not cause the
problem because the occurrence of cracking of the film is
suppressed.

An appropriately optimized heating time is selected,
depending on, for example, the type of zinc-based metal
coated steel sheet used. The heating time is preferably in
the range of 0.1 to 60 seconds and more preferably 1 to 30
seconds in view of, for example, productivity.

[0045]

The first layer is preferably formed so as to have a
thickness of 0.01 to 1.0 pm after drying by heating. At a
thickness of 0.01 um or more, there is no concern about lack
of corrosion resistance. A thickness of 1.0 pum or less does
not lead to a reduction in the conductivity of the zinc-
based metal coated steel sheet. Note that the thickness is
more preferably in the range of 0.05 to 0.5 pm.

[0046]

The resulting first layer has excellent heat resistance,
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weldability, and adhesion. In the present invention, the
formation of the first layer on a surface of a zinc coated
layer of a zinc-based metal coated steel sheet provides a
zinc-based metal coated steel sheet having desired
conductivity without reducing corrosion resistance.

Although the reasonAfor this is not clear, it is speculated
that the properties are attributed to the following effects.
[0047]

In the present invention, the resin emulsion (a)
containing the cationic urethane resin emulsion (a-1) and/or
the nonionic acrylic resin emulsion (a-2), the
tetraalkoxysilane (b), and the silane coupling agent (c) in
the components of the first layer constitute the skeleton of
the film formed on a surface of a zinc-based metal coated
layer of a zinc-based metal coated steel sheet. When a film
containing the resin emulsion (a) that contains emulsion (a-
1) and/or the nonionic acrylic resin emulsion (a-2) is once
dried, the film does not dissolve in water again and serves
as a barrier, thus providing the zinc-based metal coated
steel sheet having excellent properties, such as corrosion
resistance, adhesion of the film, and corrosion resistance
after alkaline degreasing, and having excellent formability,
which is a characteristic of a resin film.

[0048]

It is speculated that the dense film is formed because
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the incorporation of the tetraalkoxysilane (b) causes a
silanol group derived from the alkoxy group of the
tetraalkoxysilane (b) and the cationic urethane resin and/or
nonionic urethane resin emulsion (a) to be three-
dimensionally cross-linked. It is also speculated that the
incorporation of the silane coupling agent (c) causes a
cross-linking reaction with a silanol group of the
tetraalkoxysilane (b), thereby increasing the bonding
strength of the film.

[0049]

Among the components in the first layer, the vanadic
acid compound (e) and the titanium compound (f) are
uniformly dispersed in the film in states such that these
compounds dissolve easily in water, and provide what is
called an inhibitor effect at the time of corrosion of zinc.
That is, it is speculated that the vanadic acid compound (e)
and the titanium compound (f) are partially ionized under a
corrosive environment and passivated to inhibit the
corrosion of zinc itself. 1In particular, it is speculated
that even in the case where a zinc-based metal coated steel
sheet is formed into a desired shape and where defects occur
in the film at a processed portion, the titanium compound
(f) is preferentially eluted in the defective portion of the
film to inhibit the corrosion of zinc.

[0050]
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Conpar al weupprbseliihtz00h8000080e064a0ion of the tetraalkoxysﬂane (b)
in the surface treatment layer and stably dissolving the
vanadic acid compound (e) and the titanium compound (f) in
the surface treatment liquid (A). Furthermore, it is
speculated that in the case where the film is formed by
heating and drying, a carboxy group or phosphonate group of
the chelating agent (d) serves as a cross-linking agent that
is cross-linked with the skeletal components of the film to
form the dense film skeleton without forming an insulating
film (nonconductive film), such as zinc phosphate, thus
contributing to improvement in conductivity.
[0051]

That is, the first layer according to the present
invention has high corrosion resistance despite the small
thickness of the film composed of the cationic urethane
resin emulsion and/or nonionic urethane resin emulsion,
tetraalkoxysilane, and the silane coupling agent.
Furthermore, it is speculated that the incorporation of the
corrosion inhibitors, i.e., the chelating agent, the wvanadic
acid compound, and the titanium compound, in the film makes
it possible to maintain excellent conductivity even when the

steel sheet is in contact with, for example, a gasket at a

low pressure.
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The first layer imparts satisfactory corrosion

resistance to a zinc-based metal coated steel sheet.

However, the first layer is a complex oxide film (inorganic

film); hence, in the case where countermeasures are taken

against the corrosion of a zinc-based metal coated steel

sheet, the effect of the first layer is inferior to an

organic resin film. In some applications, it is assumed

that it is difficult to satisfy required corrosion

resistance. So, in the present invention, a surface

treatment liquid (B) is applied to a surface of the first

layer and dried by heating to form a second layer. The

second layer resulting from surface treatment liquid (B) is

an organic resin layer. In the present invention, the

second layer plays a role in protecting the first layer and

reinforcing the corrosion resistance (chemical resistance,

galling resistance, fingerprint resistance, design, and so

forth) of the zinc-based metal coated steel sheet.

The steel sheet is formed so as to have a thickness

such that the conductivity of the zinc-based metal coated

steel sheet is not impaired. Therefore, the present

invention provides a practical zinc-based metal coated steel

sheet which has a good balance between conductivity and

corrosion resistance and which is usable as a material for,
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for example, a shield box.

[0053]

(Surface Treatment Liquid (B))

The surface treatment liquid (B) contains an organic

resin (g) as a main component. Any organic resins may be

used as an organic resin (g). Examples thereof include, but

are not limited to, epoxy resins, modified epoxy resins,

urethane resins, alkyd resins, acrylic resins, ethylene

resins (polyolefin resins), polyester resins, polybutadiene

resins, amino resins, phenolic resins, fluorocarbon resins,

and silicon resins. The proportion of the organic resin (g)

in the surface treatment liquid (B) is in the range of about

50% to 90% by mass in terms of the solid content. In this

range, the role of the second layer can be achieved.

[0054]

As described above, an organic resin film is more

effective in imparting corrosion resistance to a zinc-based

metal coated steel sheet than a complex oxide film

(inorganic film). So, in the present invention, despite the

type of organic resin (g) contained in the surface treatment

liguid (B), the second layer is formed in order to protect

the first layer and reinforce the corrosion resistance of a

zinc~based metal coated steel sheet.

Here, when an organic resin (g-1) containing an OH

group and/or a COOH group or a hydrazine-modified organic
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adhesion between the first layer and the second layer and

having better corrosion resistance.

Examples of the organic resin (g-1) containing an OH

group and/or a COOH group, include (g-11) an epoxy resin, (g-

12) a modified epoxy resin, (g-13) a polyhydroxy polyether

resin, (g-14) a urethane resin, (g-15) an alkyd resin, (g-

16) an acrylic resin, (g-17) am ethylene copolymer, (g—-18)

acrylic silicon resin, and (g-19) a fluorocarbon resin

copolymer, which are described below.

[0056]

(g-11) Epoxy Resin

Examples of the epoxy resin that may be used include an

epoxy resin in which, for example, bisphenol A, bisphenol F,

or novolac is formed into a glycidyl ether; an epoxy resin

in which bisphenol A is subjected to addition of propylene

oxide, ethylene oxide, or polyalkylene glycol to form a
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glycidyl ether; aliphatic epoxy resins, alicyclic epoxy
resins; and polyether-based epoxy resins. In the case where
the surface treatment liquid (B) containing the epoxy resin
is dried by heating to form the second layer, in particular,
when the film is needed to be formed in a low-temperatures
range, an epoxy resin having a number-average molecular
weight of 1500 or more is preferred. These epoxy resins
described above may be used separately or in combination as
a mixture of different types.
[0057]
(g-12) Modified Epoxy Resin

Examples of the modified epoxy resin include resins

prepared by allowing epoxy groups or hydroxy groups in the

by mass)

[ gOL0 (54) indicates the onnoen

epoxy resins described above to react with various modifiers.

Specific examples thereof include epoxy ester resins
prepared by allowing epoxy groups or hydroxy groups
described above to react with carboxy groups in drying oil
fatty acids; epoxy acrylate resins prepared by allowing
epoxy groups or hydroxy groups described above to react with
acrylic acid or methacrylic acid; urethane-modified epoxy
resins prepared by allowing epoxy groups or hydroxy groups
described above to react with isocyanate compounds; and
amine-added urethane-modified epoxy resins prepared by
addition of alkanolamines to urethane-modified epoxy resins

resulting from the reaction of epoxy resins with isocyanate
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[0058]
(g-13) Polyhydroxy Polyether Resin
The polyhydroxy polyether resin is a polymer prepared
by polycondensation of a mononuclear or binuclear dihydric
phenol, or a mixture of mononuclear and binuclear dihydric
phenols with a substantially equimolar amount of
epihalohydrin in the presence of an alkaline catalyst.
Typical examples of the mononuclear dihydric phenol include
resorcin, hydrogquinone, and catechol. A typical example of
the binuclear phenol is bisphenol A. These may be used
separately or in combination or two or more.
[0059]
(g-14) Urethane Resin
Examples of the urethane resin include oil-modified
polyurethane resins, alkyd polyurethane resins, polyester
urethane resins, polyether urethane resins, and
polycarbonate polyurethane resins.
[0060]
(g-15) Alkyd Resin
Examples of the alkyd resin include oil-modified alkyd
resins, rosin-modified alkyd resins, phenol-modified alkyd
resins, styrene-alkyd resins, silicon-modified alkyd resins,

oil-free alkyd resins, and high-molecular-weight oil-free

alkyd resins.
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[0061]
(g-16) Acrylic resin

Examples of the acrylic resin include polyacrylic acid
and copolymers thereof, polyacrylate and copolymers thereof,
polymethacrylic acid and copolymers thereof,
polymethacrylate and copolymers. thereof, urethane-acrylic
acid copolymers (or urethane-modified acrylic resins), and
styrene-acrylic acid copolymers. Furthermore, resins
prepared by modification of theése resins with, for example,
other alkyd resins, epoxy resins, and phenolic resins may be
used.
[0062]
(g-17) Ethylene Copolymer

Examples of the'ethylene copolymer include ethylene
copolymers, such as ethylene-acrylic acid copolymers,
ethylene-methacrylic acid copolymers, and carboxy-modified
polyolefin resins, ethylene-unsaturated carboxylic acid
copolymers, ethylene ionomers.
[0063]
(g-18) Acrylic Silicon Resin

An example of the acrylic silicon resin is a resin
which contains an acrylic copolymer, serving as a main
component, having a hydrolyzable alkoxysilyl group in its
side chain or at its end, and a curing agent. The use of

such an acrylic silicon resin should provide excellent
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weatherability.

[0064]

(g-19) Fluorocarbon Resin Copolymer

Examples of the fluorocarbon resin copolymer include
fluorcolefin copolymers. An example of fluoroolefin
copolymers is a copolymer prepared by copolymerization of a
fluorocarbon monomer (fluoroolefin) with, for example, alkyl
vinyl ether, cycloalkyl vinyl ether, carboxylic acid-
modified vinyl ester, hydroxyalkyl allyl ether, or
tetrafluoropropyl vinyl ether, which serve as a monomer.

The use of the fluorocarbon resin copolymer should provide
excellent weatherability and hydrophobicity.
[0065]

As the organic resin (g-1) of the present invention,
thermosetting resins are preferred. Among these resins,
thermosetting epoxy resins and modified epoxy resins having
excellent barrier properties against corrosive factor, such
as oxygen, are optimal. In the case where the second layer
is formed by the use of the surface treatment liquid (B)
containing the organic resin (g-1), it is possible to
provide a zinc-based metal coated steel sheet having desired
corrosion resistance even at a small thickness of the film.
So, it is particularly advantageous when importance is
attached to the conductivity and spot weldability of a zinc-

based metal coated steel sheet to suppress the coating

Corn
Exanpl e
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weight of the film to a low level.
[0066]

From the viewpoint of corrosion resistance, formability,
and paintability, among the organic resins (g-1) described
above, (g-11) the epoxy resin, (g-12) a modified epoxy resin,
and (g-17) an ethylene copolymer are preferred. In
particular, thermosetting epoxy resins and modified epoxy
resins having excellent barrier properties against corrosive
factor, such as oxygen, are particularly preferred.

Examples of these thermosetting resins include thermeosetting
epoxy resins, thermosetting modified epoxy resins, acrylic
copolymer resins copolymerized with epoxy group-containing
monomers, epoxy group-containing polybutadiene resins, epoxy
group-containing polyurethane resins, and adducts and
condensates of these resin. These epoxy group-containing
resins may be used separately or in combination as a mixture
of two or more.

[0067]

In addition to (g-11) to (g-19), for example, a
polybutadiene resin, a phenolic resin, a polyamine resin, or
polyphenylene resin may be used as the organic resin (g) of
the present invention. Furthermore, a mixture of two or
more or an addition polymer of these resins described above
may be used.

[0068]
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A core-shell water-dispersible resin in which the core
and the shell of each particle of the resin are composed of
different resin components or resin components having
different glass transition temperatures may be used in order
to reduce the heat-drying temperature of the resin.

A water-dispersible resin having self-crosslinking
properties, for example, containing alkoxysilane groups may
be used. In this case, it is possible to use interparticle
cross-1linking by means of the formation of silanol groups by
the hydrolysis of alkoxysilane and a dehydration
condensation reaction of the silanol groups between resin
particles during the drying of the resin by heating.

Furthermore, organic composite silicate in which an
organic resin is combined with silica using a silane
coupling agent is preferred as the organic resin (g) of the
present invention.

[0069]

As described above, for the purpose of improving the
corrosion resistance and formability of the second layer, in
particular, a thermosetting resin is preferably used as the
organic resin (g-1). In this case, an amino resin, e.g., a
urea resin (for example, butylated urea resin), a melamine
resin (butylated melamine resin), a butylated urea-melamine
resin, or a benzoguanamine resin, and a curing agent, e.g.,

a blocked isocyanate, an oxazoline compound, or a phenolic
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resin, may be incorporated in the organic resin (g-1).
[0070]

The formation of the second layer from surface
treatment liquid (B) containing the organic resin (g-1)
described above results in improvement in adhesion between
the first layer and the second layer, thereby providing a
zinc-based metal coated steel sheet having better corrosion
resistance. Although the reason the effects are provided is
not clear, it is speculated that the organic resin (g-1)
containing an OH group and/or a COOH group (preferably a
thermosetting resin and more preferably an epoxy resin
and/or a modified epoxy resin) is reacted with a curing
agent (cross-linking agent) to form a dense barrier film
having the excellent ability to inhibit permeation of a
corrosive factor, such as oxygen. It is also speculated
that the barrier film contributes significantly to
improvement in adhesion between the first layer and the
second layer because an OH group or a COOH group in its
molecule is tightly bonded to an alkoxysilane or an epoxy
group-containing compound in the first layer.

[0071]
(Hydrazine-Modified Organic Resin (G-2))

In the present invention, the use of the surface
treatment liquid (B) containing the hydrazine-modified

organic resin (g-2) prepared by reaction with an active
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hydrogen-containing compound (i) composed of a hydrazine
derivative (h) in which some or all of compounds contain
active hydrogen makes it possible to provide a zinc-based
metal coated steel sheet having significantly satisfactory
corrosion resistance while a reduction in conductivity is
minimized.

[0072]

The hydrazine-modified organic resin (g-2) is formed by
the reaction of a predetermined organic resin (C) and the
active hydrogen-containing compound (i) composed of the
hydrazine derivative (h) in which some or all of compounds
contain active hydrogen. Any resin may be used as the
organic resin (C) without particular limitation as long as
it can react with the active hydrogen-containing compound
(1) composed of the hydrazine derivative (h) to establish a
bond between the organic resin and the active hydrogen-
containing compound (i) by addition or condensation reaction
and as long as it appropriately forms a film. Examples of
the organic resin (C) include epoxy resins, modified epoxy
resins, polyurethane resins, polyester resins, alkyd resins,
acrylic copolymer resins, polybutadiene resins, phenolic
resins, and adducts and condensates of these resins. These
resins may be used separately or in combination as a mixture
of two or more.

[0073]



Exanple 83 a 12 + m 100: 30 i100: 3 Exanple 84 gi8 kIl +11 O-5) -1- m 100: 30

100: 3 Exanple 85 g38 13 100: 30 Exanple 86 g3a 13 -i- nm 100: 30 '100: 3 Exanpl e
87 g3 10 - .. Exanple 88 g3 10 _ Example __ ........ 9 10 Exanpl e 90
- 44 -

As the organic resin (C), an epoxy group-containing
resin (Cl) that contains an epoxy group in the resin is
particularly preferred in view of, for example, reactivity,
ease of reaction, and corrosion resistance. Examples of the
epoxy group-containing resin (Cl) include an epoxy resin
(Cl-1), a modified epoxy resin (Cl-2), an acrylic copolymer
resin (Cl-3) prepared by, for example, copolymerization with
an epoxy group-containing monomer, epoxy group-containing
polybutadiene resins, epoxy group-containing polyurethane
resins, and adducts and condensates of these resins. These
epoxy group-containing resins may be used separately or in
combination as a mixture or two or more.

[0074]

Among these resins serving as the epoxy group-
containing resin (Cl), the epoxy resin (Cl-1) and the
modified epoxy resin (Cl-2) are particularly preferred in
view of adhesion to a surface of the first layer (composite
oxide film) and corrosion resistance. Among these resins,
thermosetting epoxy resins and modified epoxy resins, which
have excellent barrier properties against a corrosive factor,
such as oxygen, are optimal. The second layer is formed by
use of the surface treatment liquid (B) containing the
hydrazine-modified organic resin (g-2) prepared by reaction
of the epoxy group-containing resin (Cl) described above and

the active hydrogen-containing compound (i) composed of the
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hydrazine derivative (h) in which some or all of compounds
contain active hydrogen, thereby providing a zinc-based
metal coated steel sheet having significantly satisfactory
corrosion resistance even at a small thickness of the film.
So, it is particularly advantageous when importance is
attached to the conductivity and spot weldability of a zinc-
based metal coated steel sheet to suppress the coating
weight of the film to a low level.

[0075]

Examples of the epoxy resin (Cl-1) include aromatic
epoxy resins prepared by reaction of polyphenol, such as
bisphenol A, bisphenol F, and novolac phenols, with
epihalohydrin, such as epichlorohydrin, to introduce
glycidyl groups, or reaction of the resulting glycidyl
group-containing products with polyphenols to increase the
molecular weight; aliphatic epoxy resins; and alicyclic
epoxy resins. These resins may be used separately or in
combination as a mixture of two or more. In the case where
the surface treatment liquid (B) containing the hydrazine-
modified organic resin (g-2) prepared by reaction of the
epoxy resin (Cl-1) and the active hydrogen-containing
compound (i) composed of the hydrazine derivative (h) in
which some or all of compounds contain active hydrogen, is
dried by heating to form the second layer, in particular,

when the film needs to be formed at a low temperature, the
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epoxy resin (Cl-1) having a number-average molecular weight
of 1500 or more is preferred.
[0076]

A resin having a chemical structure represented by
formula (1) and being prepared by a reaction product of
bisphenol A and epihalohydrin is particularly preferred as
the epoxy resin (Cl-1) described above. The epoxy resin is
particularly preferred because of its excellent corrosion
resistance.

[Chem. 1]

0 CHs
VAR I
CHz—CH—CH>—t0 ? O—CHZ—?H"CHzﬁY"
CHs ' OH

CHs 0]
| /\

——0 Cl: O—CHz—CH—CH> (1)
CHz

(g :0~50)

A method for producing such a bisphenol A-type epoxy
resin is widely known in the art. In the chemical structure,
q represents 0 to 50, preferably 1 to 40, and more
preferably 2 to 20.

[0077]

Examples of the modified epoxy resin (Cl-2) described
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above include resins prepared by prepared by allowing epoxy
groups or hydroxy groups in the epoxy resin (Cl-1) described
above to react with various modifiers. Specific examples
thereof include epoxy ester resins prepared by reaction with
drying oil fatty acids; epoxy acrylate resins prepared by
modification with polymerizable unsaturated monomer
components containing, for example, acrylic acid or
methacrylic acid; and urethane-modified epoxy resins
prepared by reaction with isocyanate compounds.

[0078]

An example of the acrylic copolymer resin (Cl-3)
prepared by copolymerization with the epoxy group-containing
monomer is a resin prepared by, for example, aqueous
polymerization, emulsion polymerization, or suspension
polymerization of an epoxy group-containing unsaturated
monomer and a polymerizable unsaturated monomer component
essentially containing acrylate or methacrylate.

Examples of the polymerizable unsaturated monomer
component include Cl to C24 alkyl esters of acrylic acid and
methacrylic acid, such as methyl (meth)acrylate, ethyl
(meth)acrylate, propyl (meth)acrylate, n-, iso-, and tert-
butyl (meth)acrylate, hexyl (meth)acrylate, Z-ethylhexyl
(meth)acrylate, decyl (meth)acrylate, and lauryl
(meth)acrylate; Cl to C4 alkyl ether compounds of acrylic

acid, methacrylic acid, styrene, vinyltoluene, acrylamide,
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acrylonitrile, N-methylol (meth)acrylamide, and N-
methylol (meth)acrylamide; and N,N-diethylaminoethyl
methacrylate.

Any monomer containing an epoxy group and a
polymerizable unsaturated group, for example, glycidyl
methacrylate, glycidyl acrylate, or 3,4-
epoxycyclohexylmethyl (meth)acrylate may be used as the
epoxy group-containing unsaturated monomer without
particular limitation.

Furthermore, the acrylic copolymer resin (C1-3)
prepared by copolymerization with the epoxy group-containing
monomer may be a resin modified with, for example, a
polyester resin, an epoxy resin, or a phenolic resin.

The organic resin (C) may be soluble in an organic
solvent, dispersible in an organic solvent, soluble in water,
or dispersible in water.

[0079]

The hydrazine-modified organic resin (g-2) of the
present invention aims to incorporate the hydrazine
derivative (h) into the molecule of the organic resin (C)
described above. So, at least part (preferably, the whole)
of the active hydrogen-containing compound (i) needs to be
the hydrazine derivative (h) containing active hydrogen.

In the case where the organic resin (C) is the epoxy

group-containing resin (Cl), the following compounds may be



Genpar al ve 115 g3 10 Comparal i ve roub...116 54 10 Exanpl e
117 g6 10 100:5 Exanple 1181 gO 9 100:10 Exanple 119 ge 6 12

- 49 -

exemplified as the active hydrogen-containing compound (i)
that reacts with the epoxy group. One or two or more of
these compounds may be used. Also in this case, at least
part (preferably, the whole) of the active hydrogen-
containing compound (i) needs to be the hydrazine derivative
(h) containing active hydrogen.

a hydrazine derivative (il) containing active hydrogen

a primary or secondary amine compound (i2) containing
active hydrogen

ammonia and organic acid (i3), such as carboxylic acid

hydrogen halide (i4), such as hydrogen chloride

alcohol and thiocl (i5)

an active hydrogen-free hydrazine derivative, and a
gquaternary chlorinating agent (i6) that is a mixture of a
tertiary amine and an acid
(0080]

Examples of the hydrazine derivative (h) containing

active hydrogen include:
(1) hydrazide compounds, such as carbohydrazide, propionic
acid hydrazide, salicylic acid hydrazide, adipic acid
dihydrazide, sebacic acid dihydrazide, dodecanedioic acid
dihydrazide, isophthalic acid dihydrazide,
thiocarbohydrazide, 4,4'-oxybisbenzenesulfonylhydrazide,
benzophenonehydrazone, and N-aminopolyacrylamide;

(2) pyrazole compounds, such as pyrazole, 3,5-
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(3) tria
1,2,4-tr
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oxo-1,2,

zole compounds, such as 1,2,4-triazole, 3-amino-
iazole, 4-amino-1,2,4-triazole, 3-mercapto-1,2,4-
, 3-amino-5-mercapto-1,2,4-triazole, 2,3-dihydro-3-

A-triazole, 1lH-benzotriazole, l-hydroxybenzotriazole

(monohydrate), 6-methyl-8-hydroxytriazolopyridazine, 6-

phenyl-8

-hydroxytriazolopyridazine, and 5-hydroxy-7-methyl-

1,3,8-triazaindolizine;

(4) tetrazole compounds, such as 5-phenyl-1,2,3,4-tetrazol

and 5-mercapto-l-phenyl-1,2,3,4-tetrazol;

(5) thiadiazole compounds, such as 2-amino-5-mercapto-1,3,4-

thiadiazole and 2,5-dimercapto-1,3,4-thiadiazole; and

(6) pyridazine compounds, such as maleic acid hydrazide, 6-

methyl-3-pyridazone, 4,5-dichloro-3-pyridazone, 4,5-dibromo-

3-pyridazone, and 6-methyl-4,5-dihydro-3-pyridazone.

Amo

ng these compounds, pyrazole compounds and triazole

compounds each having a five- or six-membered ring structure

and containing a nitrogen atom in its ring structure are

particularly preferred.

The

se hydrazine derivatives (h) may be used separately

or in combination as a mixture of two or more.

[0081]

Typ

ical examples of the active hydrogen-containing

amine compound (i2) that may be used as part of the active
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manuf act ured by TOHO Chem cal Industry Co., Ltd.) g2: fluorocarbon resin
(Model :  Linai &b ool LESS5Rrepanafiaby uredcbyosahi a assaly. aming. rpops52it <Or gani ¢
resin: organic resin (g-1) containing OH group and/or COOK group> g3: epoxy
resin (Mdel anjiER1668ponadutactaietingyodapancoEpexy Re8inf @ourL ead) g4:

uret hane resin (Mdel: Superflex E-2000, manufactured by Dai-Ichi Kogyo

Sei yaku OCone brdmpro5pramkys pesha ¢NBURF: PPTHAKRYDL9R343, manuf actured by

Hi tachi Chemical Conpany, Ltd.) [015;% <Organi ¢ resin:; hydrazi ne-nodified
organi c reésphhygerpsrgsnineynphespsyekhnppeippethylamine;

ethylaminoethylamine, or methylaminopropylamine, with ketone,

aldehyde, or carboxylic acid at, for example, about 100°C to
about 230°C;

(2) secondary monoamines, such as diethylamine,
diethanolamine, di-n- or di-i-propanolamine, N-
methylethanolamine, and N-ethylethanolamine;

(3) secondary amine-containing compounds prepared by Michael
addition reaction of monoalkanolamine, such as
monoethanolamine, and dialkyl (meth)acrylamide; and

(4) compounds prepared by modifying a primary amino group of
alkanolamine, for example, monoethanoclamine,
neopentanolamine, 2-aminopropanol, 3-aminopropanol, or 2-
hydroxy-2' (aminopropoxy)ethyl ether into ketimine.

[0082]

Examples of the organic acid (i3) that may be used as
part of the active hydrogen-containing compound (i) include
formic acid, acetic acid, propionic acid, butyric acid,
caproic acid, lauric acid, palmitic acid, stearic acid,

oleic acid, linolenic acid, oxalic acid, malonic acid,
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prepare the quaternary chlorinating agent, any of acids,
such as organic acids, e.g., acetic acid and lactic acid,
and inorganic acids, e.g., hydrochloric acid, may be used.
An example of the active hydrogen-free hydrazine derivative
used to prepare the guaternary chlorinating agent is 3,6~
dichloropyridazine. Examples of the tertiary amine include
dimethylethanolamine, triethylamine, trimethylamine,
triisopropylamine, and methyldiethanolamine.

[0086]

The hydrazine-modified organic resin (g-2) prepared by
reaction of the organic resin (C) and the active hydrogen-
containing compound (i) composed of the hydrazine derivative
(h) in which some or all of compounds contain active
hydrogen is formed by reaction of the organic resin (C) and
the active hydrogen-containing compound (i) at 10°C to 300°C
and preferably 50°C to 150°C for about 1 to about 8 hours.
The reaction may be performed after addition of an organic
solvent. The type of organic solvent used is not
particularly limited. Examples thereof include ketones,
such as acetone, methyl ethyl ketone, methyl isobutyl ketone,
dibutyl ketone, and cyclohexanone; alcohols and ethers
containing hydroxy groups, such as ethanol, butanol, 2-
ethylhexyl alcohol, benzyl alcohol, ethylene glycol,
ethylene glycol monoisopropyl ether, ethylene glycol mono-n-

pbutyl ether, ethylene glycol monohexyl ether, propylene
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glycol, propylene glycol monomethyl ether, diethylene glycol,
diethylene glycol monoethyl ether, and diethylene glycol
mono-n-butyl ether; esters, such as ethyl acetate, butyl
acetate, and ethylene glycol mono-n-butyl ether acetate; and
aromatic hydrocarbons, such as toluene and xylene. One or
two or more of these compounds may be used. Among these
compounds, a ketone or ether solvent is particularly
preferred in view of solubility in an epoxy resin and film
formability.

[0087]

The proportion of the active hydrogen-containing
compound (i) composed of the hydrazine derivative (h) in
which some or all of compounds contain active hydrogen is in
the range of 0.5 to 20 parts by mass and particularly
preferably 1.0 to 10 parts by mass with respect to 100 parts
by mass of the organic resin (C) in terms of the solid
content. In the case where the organic resin (C) is the
epoxy group-containing resin (Cl), with respect to the
mixing ratio of the epoxy group-containing resin (Cl) to the
active hydrogen-containing compound (i), the ratio of the
number of active hydrogen groups of the active hydrogen-
containing compound (i) to the number of epoxy groups of the
epoxy group-containing resin (Cl), i.e., [number of active
hydrogen groups/number of epoxy groupsl], is appropriately

set in the range of 0.01 to 10, more preferably 0.1 to 8,
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and still more preferably 0.2 to 4 in view of cerrosion
resistance.
[0088]

The proportion of the hydrazine derivative (h)
containing in the active hydrogen-containing compound (i) is
preferably in the range of 10% to 100% by mole, more
preferably 30% to 100% by mole, and still more preferably
40% to 100% by mole. A proportion of the hydrazine
derivative (h) containing active hydrogen of less than 10%
by mole fails to impart sufficient anticorrosive properties
to the second layer (organic resin film). So, the resulting
rust-inhibiting effect is not much different from that in
the case where a simple mixture of a film-forming organic
resin and a hydrazine derivative is used.

[0089]

The possible anticorrosion mechanism of the second
layer (organic resin film) described above is as follows.

That is, the hydrazine derivative (h) containing active
hydrogen is added to the organic resin (C), so that a
hydrazine derivative is incorporated into a molecule of the
organic resin (C).

(1) The dense organic resin film (second layer) is formed
and provides the effect of blocking corrosive factors, such
as oxygen and chlorine ions.

(2) The hydrazine derivative (h) is tightly bonded to a
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surface of the first layer to form a passivation layer.

(3) The free hydrazine derivative group (h) in the second
layer traps zinc ions eluted by a corrosion reaction to form
a stable insoluble chelate compound layer, thereby
inhibiting the formation of an ion-conducting layer at the
interface between the first layer and the zinc coated layer
to inhibit the progress of corrosion.

It is believed that the progress of corrosion is effectively
inhibited by the foregoing advantageous effects, thereby
providing excellent corrosion resistance.

[0090]

In particular, in the case where the epoxy group-
containing resin (Cl) is used as the organic resin (C), the
reaction of the epoxy group-containing resin (Cl) and a
curing agent (cross-linking agent) results in the formation
of a dense barrier film. The barrier film has the excellent
ability to inhibit permeation of a corrosive factor, such as
oxygen. Furthermore, owing to a hydroxy group in its
molecule, excellent bonding strength to the first layer is
obtained, thereby providing quite excellent corrosion
resistance (barrier properties). Moreover, in particular,
the use of an active hydrogen-containing pyrazole compound
and/or an active hydrogen-containing triazole compound as
the hydrazine derivative (h) containing active hydrogen

results in better corrosion resistance (barrier properties).
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[0091]

A method in which a mixture of a film-forming organic
resin and a hydrazine derivative is used has been known in
the related art. Like this related art, the simple mixing
of the film-forming organic resin with the hydrazine
derivative provides little improvement in corrosion-
inhibiting effect. The reason for this is that in the
related art, the hydrazine derivative is not incorporated in
the molecule of the film—-forming organic resin. It is
speculated that although the hydrazine derivative that is
not incorporated in the molecule of the film-forming organic
resin forms a chelate compound together with a . metal in the
first layer, the chelate compound is not formed into a dense
barrier layer because of its low molecular weight. 1In
contrast, in the present invention, the incorporation of the
hydrazine derivative into the molecule of the film-forming
organic resin provides the guite excellent corrosion-
inhibiting effect. Thus, even if the thickness of the
second layer, which is an organic resin film, is reduced in
order to ensure the conductivity of a zinc-based metal
coated steel sheet, the second layer that is formed by use
of the surface treatment liquid (B) containing the
hydrazine-modified organic resin (g-2) makes it possible to
impart desired corrosion resistance to the zinc-based metal

coated steel sheet.
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[0092]

In the present invention, the surface treatment liquid
(B) containing the organic resin (g) may further contain a
rust preventive additive (j).

(Rust Preventive Addiﬁive (7))

As described above, the formation of the second layer
using the surface treatment liquid (B) of the present
invention provides a zinc-based metal coated steel sheet
having significantly satisfactory corrosion resistance. 1In
order to further inhibit the occurrence of rust and enhance
the corrosion resistance of the zinc-based metal coated
steel sheet, it is effective to add the rust preventive
additive (j). The rust preventive additive (j) content of
the surface treatment liquid (B) is preferably in the range
of about 20% to about 30% by mass in terms of the solid
content.

[0093]

The type of rust preventive additive (J) is not
particularly limited. Any of rust preventive additives,
such as known rust preventives, sufficiently provides the
foregoing effect. At least one of the following compounds
(k) and (1), which are self-repairing materials, is
particularly preferably used:

(k) Ca ion-exchanged silica; and

(1) silicon oxide.
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[0094]

The Ca ion-exchanged silica used as the component (k)
is a porous silica gel powder containing calcium ions fixed
to surfaces of particles of the powder. The Ca ion-
exchanged silica releases Ca ions in a corrosive environment
to form a precipitate film, thereby providing the rust
preventive effect.

Any desired Ca ion-exchange silica may be used. The Ca
ion-exchanged silica has an average particle size of 6 um or
less and more preferably 4 pm or less. For example, the Ca
ion-exchanged silica having an average particle size of 2 to
4 um may be preferably used. An average particle size of Ca
ion—-exchanged silica exceeding 6 pum can result in reductions
in corrosion resistance and dispersion stability in the
surface treatment ligquid (B).

The Ca ion-exchanged silica preferably has a Ca
concentration of 1% by mass or more and more preferably 2%
to 8% by mass. A Ca concentration of less than 1% by mass
can result in an insufficient rust preventive effect owing
to the release of Ca. The surface area, pH, and oil
absorption of the Ca ion-exchanged silica are not
particularly limited.

[0095]
Examples of the Ca ion-exchanged silica that may be

used include SHIELDEX C303 (average particle size: 2.5 to
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3.5 pm, Ca concentration: 3% by mass), SHIELDEX AC3 (average
particle size: 2.3 to 3.1 um, Ca concentration: 6% by mass),
and SHIELDEX AC5 (average particle size: 3.8 to 5.2 um, Ca
concentration: 6% by mass) (trade names, manufactured by W.
R. Grace & Co.); and SHIELDEX (average particle size: 3um,
Ca concentration: 6% to 8% by mass) and SHIELDEX SY710
(average particle size: 2.2 to 2.5 um, Ca concentration:
6.6% to 7.5% by mass) (trade names, manufactured by Fuji
Silysia Chemical Ltd).

[0096]

The silicon oxide used as the component (1) may be
either colloidal silica or dry-process silica. In the case
where a water-based film-forming resin is used as a base,
Examples of the colloidal silica that may be used include
Snowtex O, Snowtex N, Snowtex 20, Snowtex 30, Snowtex 40,
Snowtex C, and Snowtex S (trade names, manufactured by
Nissan Chemical Industries Ltd.); Cataloid S, Cataloid SI-
350, Cataloid SI-40, Cataloid SA, and Cataloid SN (trade
names, manufactured by Catalyst & Chemicals Co., Ltd.):; and
Aderite AT-20 to 50, Aderite AT-20N, Aderite AT-300, Aderite
AT-330S, and Aderite AT20Q (trade names, manufactured by
Asahi Denka Co.Ltd).

[0097]
In the case where a solvent-based film-forming resin is

used as a base, examples of the colloidal silica that may be

140
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used include Organosilica Sol MA-ST-MS, Organosilica Sol
IPA-ST, Organosilica Sol EG-ST, Organosilica Sol IPA~-ST-ZL,
Organosilica Sol NPC-ST-30, Organosilica Sol DMAC-ST,
Organosilica Sol MEK-ST-L, Organosilica Sol XBA-ST, and
Organosilica Sol MIBK-ST (trade names, manufactured by

Nissan Chemical Industries Ltd.); and OSCAL-1132, OSCAL-1232,
OSCAL-1332, OSCAL-1432, OSCAL-1532, OSCAL-1632, and OSCAL-
1722 (trade names, manufactured by Catalyst & Chemicals Co.,
Ltd) .

In particular, an organic solvent-dispersible silica
sol has excellent dispersibility and excellent corrosion
resistance in comparison with fumed silica.

[0098]

Examples of the fumed silica include that may be used
include AEROSIL R812, AEROSIL R974, AEROSIL R202, AEROSIL
R805, AEROSIL 130, AEROSIL 200, and AEROSIL 300 (trade names,
manufactured by Nihon Aerosil Co., Ltd).

[0099]

It is believed that fine-particle silica as described
above contributes to the formation of a dense, stable
corrosion preduct of zinc in a corrosive environment and
that the formation of the dense corrosion product on a
coated surface inhibits the acceleration of corrosion.

The fine-particle silica preferably has a particle size

of 5 to 50 nm, more preferably 5 to 20 nm, and still more

atannnt Cnating nana ..
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preferably 5 to 15 nm in view of corrosion resistance.
[0100]

Even in the case where one or more of the following
self-repairing materials are used as the rust preventive
additive (j) in addition to the components (k) and (1), the
same effect as that of the components (k) and (1) is
provided:

(n}) phosphate;

(o) molybdate; and

(p) one or more organic compounds selected from triazoles,
thiols, thiadiazoles, thiazole, and thiurams.

The phosphate used as component (n) includes all types
of salts including, for example, simple salts and double
salts. Metal cations contained the salts are not limited.
Any metal cation of, for example, zinc phosphate, magnesium
phosphate, calcium phosphate, and aluminum phosphate, may be
used. The skeleton and the degree of condensation of the
phosphate ion are not limited. Any one of normal salts,
dihydrogen salts, monochydrogen salts, and phosphite may be
used. The normal salts include orthophosphates and all
condensed phosphates, such as polyphosphates.

Furthermore, the combined addition of the phosphate
serving as component (n) together with a calcium compound
further improves the corrosion resistance. The calcium

compound may be any one of calcium oxide, calcium hydroxide,
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and a calcium salt. One or two or more of these compounds
may be used. Examples of the calcium salt that may be used
include, but are not particularly limited to, normal salts,
such as calcium silicate, calcium carbonate, and calcium
phosphate, each containing only calcium as a cation; and
double salts, such as calcium-zinc phosphate and calcium-
magnesium phosphate, each containing calcium and a cation
other than calcium.

The skeleton and the degree of condensation of the
molybdate used as the component (o) are not limited.
Examples of the molybdate include orthomolybdates,
paramolybdates, and metamolybdates. The molybdate includes
all salts, such as normal salts and double salts. Examples
of the double salts include phosphomolybdates.

Examples of the organic compound used as the component
(p) include triazoles, such as 1,2,4-triazole, 3-amino-
1,2,4-triazole, 3-mercapto-1,2,4-triazole, 5-amino-3-
mercapto-1,2,4-triazole, and lH-benzotriazole; thiols, such
as 1,3,5-triazine-2,4,6~-trithiol, and 2-
mercaptcobenzimidazole; thiadiazoles, such as 5-amino-2-
mercapto-1, 3, 4-thiadiazole, and 2, 5-dimercapto-1,3,4-
thiadiazole; thiazoles, such as 2-N,N-
diethylthiobenzothiazole and 2-mercaptobenzothiazole; and
thiurams, such as tetraethylthiuram disulfide.

[0101]
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The total amount of the rust preventive additive (j)

(the total amount of one or more of the self-repairing
materials selected from the components (k), (1), and (n) to
(p)) in the second layer is preferably in the range of 1 to
100 parts by mass (solid content), more preferably 5 to 80
parts by mass (solid content), and still more preferably 10
to 50 parts by mass (solid content) with respect to 100
parts by mass (solid content) of the organic resin in the

surface treatment liquid (B). An amount of the rust

preventive additive (j) added of less than 1 part by mass or

more than 100 parts by mass can result in a reduction in
corrosion resistance, which is not preferred.
[0102]

In the present invention, the incorporation of
appropriate amounts of the self-repairing materials (n) to
(p) serving as the rust preventive additive (j) in the
second layer provides quite excellent corrosion resistance

(self-repairing effect). The possible anticorrosion

mechanism of the second layer containing the rust preventive

additive (j) is as follows.
[0103]

In the case where the component (k), which is the rust

preventive additive (j), 1s incorporated in the second layer,

when cations, such as Na ions, enters the second layer in a

corrosive environment, Ca ions on silica surfaces are

1'1
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released by an ion exchange function. Furthermore, OH ions
are formed by cathodic reaction in a corrosive environment
to increase the pH in the vicinity of an interface of the
coated layer. So, the Ca ions released from the Ca ion-
exchanged silica are precipitated in the form of Ca(OH); in
the vicinity of the interface of the coated layer. The
resulting dense, sparingly soluble product seals defects,
thereby inhibiting a corrosion reaction. Moreover, it is
believed that the eluted zinc ions are exchanged for the Ca
ions and fixed to the silica surfaces.

The component (1) contributes to the formation cf a
dense, stable corrosion product of zinc in a corrosive
environment. The corrosion product is densely formed on the
surface of the coated layer, thereby inhibiting the
acceleration of corrosion.

[0104]

The component (n) is dissociated into phosphate ions by
hydrolysis in a corrosive environment and is subjected to a
complexation reaction with the eluted metal to form a
protective film.

The component (o) provides the self-repairing
properties on the basis of a passivation effect. That is,
the component forms a dense oxide on the surface of the
coated film together with dissolved oxygen in a corrosive

environment, thereby sealing the origin of corrosion to
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inhibit a corrosion reaction.

The component (p) provides the self-repairing
properties on the basis of an adsorption effect. That is,
eluted zinc and aluminum due to corrosion are adsorbed to a
nitrogen- or sulfur-containing polar group in the component
(p) to form an inert film, thereby sealing the origin of
corrosion to inhibit a corrosion reaction.

[0105]

In the present invention, even if the components (k)
and (1), or components (n) to (p) in addition thereto are
incorporated in a general organic film, the rust preventive
effect is provided to some extent. In the case where the
self-repairing materials, i.e., the components (k) and (1),
or components (n) to (p) in addition thereto, are
incorporated in the second layer having excellent barrier
properties and containing a specific organic resin (organic
resin (g-1) containing an OH group and/or a COOH group, or
the hydrazine-modified organic resin (g-2)), both effects
(barrier effect and self-repairing effect) may be combined
to provide the outstanding rust preventive effect.

In the case where a calcium compound is added in
combination with the component (n), the calcium compound is
eluted in a corrosive environment before the elution of a
coating metal, and thus is subjected to a complexation

reaction with phosphate ions to form a dense, sparingly
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soluble protective film without using the elution of the
coating metal as a trigger, thereby inhibiting a corrosion
reaction.

The combined addition of two or more of the components
(k) and (1) or components (n) to (p) in addition thereto
results in the combination of the corrosion-inhibiting
effects of the components, thereby providing better
corrosion resistance.

[0106]

In addition to the rust preventive additives, the
organic film may further contain one or two or more of other
oxide fine particles, phosphomolybdates, organic phosphoric
acids and salts thereof, and organic inhibitors, which serve
as a corrosion inhibitors.

[0107]
(Lubricant (m))

In the present invention, the surface treatment liquid
(B) may further contain a lubricant (m) in order to improve
the formability of the film, as needed. Examples of the
lubricant (m) that may be used are described below. One or
two or more of these compounds may be used.

(ml) Polyolefin wax and paraffin wax, e.g.,
polyethylene wax (ml-1), synthetic paraffin, natural
paraffin, microcrystalline wax, and chlorinated

hydrocarbons; (m2) fine particles of fluorocarbon resins,
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e.g., polyfluorcethylene resins (polytetrafluoroethylene
resins), polyvinyl fluoride resins, and polyvinylidene
fluoride resins.

[0108]

Other examples thereof include fatty acid amide
compounds (for example, stearic amide, stearamide,
palmitamide, methylenebisstearamide, ethylenebisstearamide,
oleamide, ecyramide, and alkylenebisfatty acid amide);
metallic soaps (for example, calcium stearate, lead stearate,
calcium laurate, and calcium palmitate); metallic sulfides
(for example, molybdenum disulfide and tungsten disulfide);
graphite; graphite fluoride; boron nitride; polyalkylene
glycol; and alkali metal sulfates. One or two or more of
these compounds may be used.

[0109]

Among these lubricants, the polyethylene wax (ml) and
fluorocarbon resins fine particles (m2) (in particular,
polytetrafluoroethylene resin fine particles) are
particularly preferred.

Examples of the polyethylene wax (ml) include Ceridust
9615A, Ceridust 3715, Ceridust 3620, and Ceridust 3910
(trade names, manufactured by Clariant (Japan) K.K.); Sanwax
131-P and Sanwax 161-P (trade names, manufactured by Sanyo
Chemical Industries, Ltd.; and Chemipearl W-100, Chemipearl

W-200, Chemipearl W-500, Chemipearl W-800, and Chemipearl W-
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950 (trade names, manufactured by Mitsui Petrochemical
Industries, Ltd).
[0110]

As the fluorocarbon resin fine particles (m2),
tetrafluoroethylene fine particles are most preferred.
Preferred examples thereof include Lubron L-2 and Lubron L-5
(trade names, manufactured by Daikin Industries, Ltd.;
MP1100 and MP1200 (trade names, manufactured by Mitsui-
Dupont Co., Ltd.; and Fluon Dispersion ADl, Fluon Dispersion
AD2, Fluon L141J, Fluon L150J, and Fluon L155J (trade names,
manufactured by Asahi ICI Fluoropolymers Co., Ltd).

Among these compounds, combinations of the polyolefin
wax and the tetrafluoroethylene fine particles should
provide a quite excellent lubricating effect.

[0111]

The amount of the lubricant (m) in the second layer is
preferably in the range of 1 to 80 parts by mass (solid
content) and more preferably 3 to 40 parts by mass (solid
content) with respect to 100 parts by mass (solid content)
of the organic resin in the surface treatment liquid (B).
An amount of the lubricant (m) of 1 part by mass or more
results in a sufficient lubricating effect. An amount of 80
parts by mass or less does not cause a reduction in
paintability.

[0112]
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In the present invention, a curing agent may be added
to the surface treatment liquid (B) in order to form the
second layer serving as a dense barrier film. So, the
second layer may be formed by thermal curing.

As a curing method for forming the second layer serving
as a dense barrier film, the following methods are
appropriate: (1) a curing method that uses a urethane-
forming reaction between an isocyanate and a hydroxy group
of a base resin; and (2) a curing method that uses an
etherification reaction between an alkyl-etherified amino
resin and a hydroxy group of a base resin (the alkyl-
etherified amino resin is prepared by partially or entirely
reacting a methylol compound, which is prepared by reaction
of one or more compounds selected from melamine, urea, and
benzoguanamine with formaldehyde, with a monohydric alcohol
having 1 to 5 carbon atoms). It is particularly preferable
to use the urethane-forming reaction between an isocyanate
and a hydroxy group of a base resin as a main reaction.
[0113]

In the present invention, the surface treatment liquid
(B) may further contain one or two or more of organic color
pigments (for example, fused polycyclic organic pigments and
phthalocyanine organic pigments), color dyes (for example,
organic solvent-soluble azo dyes and water-soluble azo metal

dyes), inorganic pigments (for example, titanium oxide),
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chelating agents (for example, thiols), conductive pigments
(for example, powders of metals, such as zinc, aluminum, and
nickel, iron phosphide, and antimony-doped tin oxide),
coupling agents (for example, silane coupling agents and
titanium coupling agents), and melamine-cyanuric acid
adducts, as needed.

[0114]

(Another Organic Resin)

As described above, the use of the surface treatment
liquid (B) which contains the organic resin (g-1) containing
an OH group and/or a COOH group, or which contains the
hydrazine-modified organic resin (g-2) results in a zinc-
based metal coated steel sheet having excellent adhesion and
conductivity. For example, when importance is attached to
the formability of a zinc-based metal coated steel sheet,
the surface treatment liquid (B) containing a water-soluble
urethane-modified acrylic resin and/or a water-dispersible
urethane-modified acrylic resin (q) serving as the organic
resin (g), the curing agent (r), the silicon oxide (1), and
the lubricant (m) in a specific ratio is preferably used.
[0115]

The water-soluble urethane-modified acrylic resin (q)
may be a water-soluble resin, a water-dispersible resin, or
a mixture of these resins. A method for modifying an

acrylic resin with urethane is not particularly limited.
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For the water-soluble or water-dispersible urethane-modified
acrylic resin (q), the solid content by mass of a urethane
component in the solid resin is preferably in the range of
10% to 50% by mass and more preferably 10% to 30% by mass.
[0116]

Curing agent (r) is added in order to form sufficient
cross-1links in the film. The cross-links provide excellent
corrosion resistance and solvent resistance. The type of
curing agent is not particularly limited. A compound
containing at least one functional group selected from an
epoxy group, an oxazoline group, an isocyanate group, and an
aziridinyl group, which are not hydrophilic groups, is
particularly preferably used rather than, for example, amine,
polyhydric alcohol, and polybasic acid containing amino
groups, hydroxy groups, and carboxy groups, which are
hydrophilic groups.

[0117]

The silicon oxide (1) is added in order to improve
corrosion resistance. The type of silicon oxide (1) is not
particularly limited. One or more of, for example,
colloidal silica and fumed silica described above may be
used. In the present invention, the particle size and type
of silica are not particularly limited.

[0118]

The lubricant (m) serves as a lubricating component to
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improve scratch resistance. Examples of the lubricant (m)
that may be used include, but are not particularly limited
to, carnauba wax, rice wax, lanolin wax, montan wax,
paraffin wax, microcrystalline wax, fatty ester wax, fatty
acid amide wax and partially saponified products thereof,
polyethylene wax, polyolefin wax, chlorinated hydrocarbons,
fluorinated hydrocarbons, and ethylene-acrylic copolymer wax.
One or two or more of these compounds may be used. The
lubricant (m) preferably has an average particle size of
0.05 to 3.0 pum. The lubricant (m) preferably has a melting
point of 50°C to 160°C. The shape of the lubricant
particles is preferably spherical in order to achieve a high
degree of formability.

[0119]

The proportion of the total mass of the solids of (q)
and (r) is preferably in the range of 50% to 95% by mass and
more preferably 55% to 75% by mass with respect to the total
mass of the solids of the water-soluble urethane-modified
acrylic resin and/or water-dispersible urethane-modified
acrylic resin (q) + the curing agent (r) + the silicon oxide
(1) + the lubricant (m) (hereinafter, referred to as "(qg) +
(r) + (1) + (m)").

[0120]
The curing agent (r) is preferably added in such a

manner that the ratio of the solid content by mass of curing
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agent (r) to the solid content by mass of the water-soluble
urethane-modified acrylic resin and/or water-dispersible
urethane-modified acrylic resin (q), i.e., (q)/(r), is in
the range of 4 to 49.

[0121]

The amount of the silicon oxide (1) added is preferably
in the range of 3% to 40% by mass in terms of the solid
content by mass with respect to (q) + (r) + (1) + (m).
[0122]

The amount of the lubricant (m) added is preferably in
the range of 2% to 20% by mass and more preferably 5% to 15%
by mass in terms of the solid content by mass with respect
to (gq) + (r) + (1) + (m).

[0123]

In the present invention, for example, a surfactant,
called a wettability improver, used to form a uniform film
on a surface to be coated, a thickener, a conductive
material used to improve conductivity, a color pigment used
to improve design, and a solvent used for improving film
formability, may be appropriately added to the surface
treatment liquid (B) used for the second layer, as needed.
[0124]

(Formation of Second Layer)
As described above, in the present invention, the

surface treatment liquid (B) is applied to a surface of the
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first layer and dried by heating to form the second layer.

Examples of a method for applying the surface treatment
liquid (B) to the surface of the first layer include a roll
coating method, a bar coating method, an immersion method,
and a spray coating method. An optimum method is selected,
depending on, for example, the shape of a zinc-based metal
coated steel sheet to be treated. More specifically, for
example, if a zinc-based metal coated steel sheet to be
treated has a sheet shape, the surface treatment liquid is
applied by a roll coating method or a bar coating method or
is sprayed on a zinc-based metal coated steel sheet, and
then the coating weight is adjusted with squeeze rolls or by
blowing a gas thereto at high pressure. If a zinc-based
metal coated steel sheet is formed into a formed article,
for example, a method is selected in which the article is
immersed in the surface treatment liguid and withdrawn
therefrom, and in some cases, an excess of the surface
treatment liquid is blown off with compressed air to adjust
the coating weight.
[0125]

After the application of the surface treatment liquid
(B), drying is performed by heating without washing with
water. However, a water-washing step may be performed after
the application of the surface treatment liquid (B). A

heating temperature (maximum sheet temperature) when the
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surface treatment liquid (B) is dried is usually in the
range of 50°C to 350°C and more preferably 80°C to 250°C. A
heating temperature of 50°C or higher does not cause a
problem, such as a reduction in the corrosion resistance of
the zinc-based metal coated steel sheet, because the solvent
is not left in the second layer. A heating temperature of
350°C or lower does not cause the problem because the
occurrence of cracking of the second layer is suppressed. A
heat-drying method is not particularly limited. The surface
treatment liquid (B) may be dried by heating using, for
example, hot air, an induction heater, infrared radiation,
or near infrared radiation.

An appropriately optimized heating time is selected,
depending on, for example, the type of zinc-based metal
coated steel sheet used. The heating time is preferably in
the range of 0.1 to 60 seconds and more preferably 1 to 30
seconds in view of, for example, productivity.

[0126]

The thickness of the second layer is preferably 0.01 pm
or more and less than 3 pm, and more preferably in the range
of 0.1 to 2 pm after drying by heating. When the thickness
after drying by heating is 0.01 pum or more, sufficient
corrosion resistance and fingerprint resistance are provided.
A thickness of less than 3 pm does not cause a reduction in

conductivity.
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In particular, the use of the hydrazine-modified
organic resin (g-2) as the organic resin (g) for the second
layer results in a uniform film having excellent corrosion
resistance even at a small thickness. So, it is
particularly advantageous when the conductivity is improved
without reducing the corrosion resistance.

[0127]
<Total Film Thickness>

The total thickness per side of the first layer
(composite oxide film) and the second layer (organic resin
film) located thereon is in the range of 0.1 to 3 pum and
preferably 0.1 to 2 pm. A total thickness of less than 0.1
um leads to insufficient corrosion resistance. A total
thickness exceeding 3 pm leads to a reduction in
conductivity.

To strike a balance between the corrosion resistance
and the conductivity, preferably, the first layer (composite
oxide film) has a thickness of 0.05 pum or more, and the
second layer (organic resin film) has a thickness of 1.0 pm
or less.

[0128]

The present invention provides a steel sheet including
the foregoing films located on one or both sides. Examples
of the configuration of the steel sheet of the present

invention include the following:
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(1) one side: coated layer-first layer-second layer, one
side: coated layer;

(2) one side: coated layer-first layer-second layer, one
side: coated layer-known phosphate-treated film or the like;
(3) both sides: coated layer-first layer-second layer;

(4) one side: coated layer-first layer-second layer, one
side: coated layer-first layer; and

(5) one side: coated layer-first layer-second layer, one
side: coated layer-second layer.

[0129]

With respect to the thicknesses of the first layer and
the second layer, a thickness measurement method is not
particularly limited as long as the thickness of each film
can be surely measured by the method. For example, the
section of the films processed by FIB is observed with a SEM.
Representative elements present in the films are measured by,
for example, EDX to determine the interface between the
films, thereby calculating the thickness of each film. For
example, thicknesses are measured at any three points per
one field of view of the section observed with the SEM. The
mean value of the thicknesses is defined as the thickness.
[0130]

According to the present invention, it is possible to
provide a zinc-based metal coated steel sheet having

excellent corrosion resistance and adhesion and having
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excellent conductivity even under severe conditions where
steel sheets are contacted at a low pressure, in particular,
without reducing the corrosion resistance. The zinc-based
metal coated steel sheet of the present invention may be
used for various applications and suitably used as a
material for use in various fields, such as architecture,
electricity, and automobiles.

[EXAMPLES]

[0131]

While advantageous effects of the present invention
will be described by means of examples and comparative
examples, these examples are merely examples to illustrate
the present invention and are not limited to the present
invention.

[0132]
1. Method for Forming Test Sheet
(1) Test Sheet (Material)

Commercially available materials described below were
used as test sheets.

(1) electrogalvanized steel sheet (EG): sheet thickness: 0.8
mm, weight per area: 20/20 (g/m?)

(ii) hot-dip galvanized steel sheet (GI): sheet thickness
0.8 mm, weight per area: 60/60 (g/m?)

(1ii) hot-dip galvannealed steel sheet (GA): sheet

thickness: 0.8 mm, weight per area: 40/40 (g/m?)
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The "weight per area" indicates the weight per area of
each steel sheet. For example, in the case of the
electrogalvanized steel sheet, "20/20 (g/m?)" indicates that
a coated layer having a weight of 20 g/m2 is arranged on
each side of the steel sheet.

[0133]
(2) Pretreatment (Washing)

Test pieces were produced by the following process.
Surfaces of the test sheets were treated with Palclean N364S
(manufactured by Nihon Parkerizing Co., Ltd.) to remove oil
and dirt on the surfaces. The test sheets were then washed
with tap water. After checking that the test sheets wefe
completely wetted with water, pure water (deionized water)
was poured onto the test sheets. The test sheets were dried
in an atmosphere having a temperature of 100°C in an oven
and then used as the test pieces.

[0134]
(3) Preparation of Surface Treatment Liquid (A)

Components were mixed in water so as to achieve
compositions (ratio by mass) described in Tables 1-1 to 1-4
to prepare treatment liquids (A) for zinc-coated steel
sheets. asg, bg, cs, ds, ey, and fr in Tables 1 represent the
solid content of the resin emulsién (a), the solid content
of the tetraalkoxysilane (b), the solid content of the

silane coupling agent (c), the solid content of the
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chelating agent (d), the solid content of the vanadic acid
compound (e) in terms of V, and the titanium compound (f) in

terms of Ti, respectively.
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[0135]
[Table 1-1]
Table 1-1
Surface treatment liquid (A)
Composition
Testlevel | Gomponent | Component | - Component | Companent. | Gomponent | Compenent CmETN (o) /tag) | (bs)tdg) | (e/(de) | (FMdg) | oy
Type Type Type Type Type Type |mass% (*3 R:":’s:y R‘r’;‘;:’ Rf“":;:" R::"S:"

Example | 1 al b1 cl d1 el f1 11 5,35 0.50 0.08 0.06 4.0
Example | 2 al b1 cl di el f2 1 5.35 0,50 0.08 0.06 40
Example | 3 al b1 cl di el f2 20 2.41 0.50 0.08 0.06 3.0
Example | 4 al b ol di el f2 20 2.41 0.50 0.08 0.06 4.0

S
Example | & al b1 cl dt el 2 20 2.4 0.50 0.08 0.06 5.0
Example | 6 al b1 cl di el f2 20 2.41 0.50 0.08 0.06 6.0
Example | 7 al bi c2 di | el f2 20 241 0,50 0.08 0.06 4.0
Example | 8 al b1 c3 di | el f2 20 |24 0.50 0.08 0.06 4.0
Example | 9 al b1 cl di el 2 40 1.5 0.83 0.08 0.06 4.0
Example | 10 al b2 cl di el 2 40 1.5 0.83 0.08 0.06 4.0
Example | 11 at bi cl di e2 f2 35 1.5 0.99 0.08 0,06 4.0
Example | 12 al bt c2 di e2 2 30 1.51 1.49 0.08 0.06 4.0
Example | 13 a2 b2 cl +c2 (#1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 14 | a2 b2 cl +¢2 (%1} d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 15 a2 b2 cl+c2(#1) ] d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 16 a2 b2 cl +c2 (%1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 17 a2 b2 cl +¢c2 (x1) | d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 18 a2 b2 cl +c2 (*1) d2 e2 12 45 1.51 0.50 0.08 0.06 4.0
Example | 19 a2 b2 el + a2 (1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 20 a2 b2 cl +¢2 (%1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 21 a2 b2 cl +¢c2 (1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 22 a2 b2 cl +¢2 (1) d2 e2 f2 45 1.51 0,50 0.08 0.06 4.0
Example | 23 a2 b2 cl +¢2 (x1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 24 al bl c2 di e2 f2 40 1.66 0.50 0.08 0.06 4.0
Example | 25 al b1 c2 di e2 2 20 3.02 0.50 0.08 0.06 4.0
Example | 26 al bl cl d! el f2 20 4.52 0.50 0.08 0.06 4.0
Example | 27 a2 bi cl di al f2 20 4.52 0.50 0.08 0.06 4.0
Example | 28 a2 bi cl di el 2 45 1.51 0.53 0.08 0.07 4.0
Example | 29 a2 b2 cl +c2(*1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 30 a2 bi cl di el f2 30 1.51 0.25 0.04 0.03 4.0
| Example | 31 a2 b2 cl di ol f2 25 1.51 0.17 0.03 0.02 4.0
Example | 32 a2 b2 cl i d1 el 2 45 1.51 0.50 0.10 0.06 4.0
Example | 33 a2 b2 cl d2 el f2 45 1.51 0.50 0.10 0.06 4.0
Example | 34 a2 b2 cl d2 + d3 (%2) el 2 45 1.51 0.50 0.10 0.06 4.0
Example | 35 a2 b2 cl dil el f2 40 1.51 0.50 Q.15 0.06 4.0
Example | 36 a2 b2 c3 di el f2 40 1.51 0.50 0.23 0.06 40
E le | 37 al b2 c3 di el f1 45 1.51 0.50 0.08 0.09 4.0
| Example | 38 al b2 cl +c2 (%1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 39 a2 b2 c3 di e2 f1 45 1.51 0.50 0.08 0.09 4.0
Example | 40 al b1 12 el f1 45 1.51 0.50 0.08 0.13 4.0

c3 d
(#1) The ratio {by mass) of c1 to ¢2is 1:1.  (#2) The ratio (by mass) of d2 to d3is 1:1.
(*3) The proportion (solid content) of the solid (ag) of component (a) in surface treatment liquid (A)
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[0136]
[(Table 1-2]
Table 1-2
Surface treatment fiquid (A)
Composition
Component | Component Componeny Component | Gomponent | Component | Component
Test level iy o) R s o 0 (o) (es)/(as) | (bg)/(dg) | (eg)/(dg) | (fs)/(dg) oH
Ratio b Ratio b Ratio b i
Tvee | Type Type Type | Twe | Tyee |massk ) UL | LN | L] RN

Example | 41 al bl c3 d2 el 1 40 151 0.60 0.08 019 20
Example | 42 al h1 c3 d2 el f1 40 1.51 0.50 0.08 0.06 4.0
Example | 43 al b1 cd d2 el f1 40 1.51 0.50 0.08 0.06 4.0
Example | 44 al b1 c3 d2 el f1 40 151 0.50 0.08 0.06 40
Example | 45 al b1 cd d2 el f1 40 1.51 0.50 0.08 0.06 4.0
Example | 46 al b1 c3 d2 el 1 40 151 0.50 0.08 0.06 4.0
Example | 47 al b1 c3 d2 el 1 40 151 0.50 0.08 0.06 4.0
Example | 48 al hi c3 d2 el il 40 1.51 0.50 0.08 0.06 40
Example | 49 al b1 c3 d2 al fi 40 151 0.50 0.08 0.06 40
Example | 50 al b1 cd d2 el 1 40 1.51 0.50 0.08 0.06 4.0

| Example | 51 al b1 ) d2 el fl 40 151 0.50 0.08 0.06 2.0
Example | 52 al b1 c3 d2 el f1 40 1.51 0.50 0.08 0.06 40
il =Y Y b1 el d2 el l 5 12.03 050 0.08 006 | 40
Comparative

Example 54 al b1 cl d2 el f1 65 091 050 0.08 0.06 40
Comparative

Example 55 al b1 cl d2 el f2 48 151 0.12 0.08 0.06 40
Comparative | g || 49 b1 et d2 el 2 27 151 1.09 0.08 006 | 40

Example
Comparative

Example 57 a2 b1 cl d2 el f2 70 0.38 0.50 0.08 0.06 4.0
Comparative

Examgle 58 a2 b2 c3 d2 el 2 13 6.03 0.50 0.08 0.06 4.0
Comparative

Example 59 a2 b2 c3 d2 e2 f1 50 1.51 1.99 0.30 0.25 4.0
Comparative

Example 60 a2 b2 c3 d1 e2 f1 22 1.51 0.12 0.02 0.02 40
Comparalive

Example 61 al bl c2 di el f2 47 1.51 0.50 0.08 0.01 4.0
Comparative

Example 62 al bt c2 di el f2 35 1.51 0.50 0.08 0.25 40
Comparafive| ¢ al b1 2 d1 el 2 20 2.41 0.50 0.08 006 | 20

Example
Comparative

Examgle 64 al b1 c2 di el f2 20 241 0.50 0.08 0.06 7.0
Comparative

Examgle 65 a2 b2 c1+ 62 (*1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Comparative

Example_| 66 a2 b2 cl +¢2 (¥1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Comparative - -

Exemple 67 b1 cl d2 el f2 0 0.50 0.08 0.06 40
Comparative ~

Example 68 a2 c3 di e f 6 12,03 0.00 0.08 0.06 40
Comparative -

Example 69 ‘ al b1 d1 e2 2 14 0 0.50 0.08 0.08 40
Comparative _ ~ _ -

Examole 70 al bt c2 e2 f2 6 12.03 40
Comparative -

Exemple 1l al b1 c2 di f2 5 12.03 0.50 0.00 0.06 4.0
Comparalive -

Example 72 al b1 c2 di e2 5 12.03 0.50 0.08 0.00 40
Example | 73 a2 b2 cl +c2 (1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 74 a2 b2 cl +¢2 (1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 75 a2 b2 el +c? (¥1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 76 a2 h2 cl +c2 (#1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 77 a2 b2 cl +c2 (*1) d2 e? f2 45 1.51 0.50 | 0.8 0.06 40
Example | 78 a2 b2 cl +o2 (*1) d2 e2 f2 45 1.51 0.50 0.08 0.06 40
Example | 79 a2 b2 cl +¢2 (%1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 80 a2 b2 el + g2 (1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0

(#1) The ratio (by mass) of c1 toc2 is 1:1.

(#3) The proportion (solid content) of the solid (ag) of component (a) in surface treatment liquid (A)
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[0137]
[Table 1-3]
Table 1-3
Surface treatment liquid (A)
Composition
Component | Component [ ¢} t | C G it| © it
Test level o s S o ) ® | (a (cs)/(as) | (bg)/(ds) | (es)/(ds) | (F5)/(ds) oH
massh Ratio by Ratio b Ratio b Ratio b
Type Type Type Type Type Type (*3) Tn:ss ma‘:s Y :\a:ss v ?nl:as Y
Example | 81 a2 b2 ci +c2 (1) d2 e2 12 45 1.51 0.50 0.08 0.06 40
Example | 82 a2 b2 cl + c2 (%1} d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 83 a2 b2 cl +c2 (%) d2 e2 2 45 151 0.50 0.08 0.06 40
Example | 84 a2 b2 cl +c2 (%1) d2 e2 2 45 151 0.50 0.08 0.06 4.0
Example | 85 a2 b2 cl +c2 (1) d2 e2 f2 45 1.51 0,50 0.08 0.068 4.0
Example | 86 a2 b2 el +¢2 (x1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 87 a2 b2 cl +c2 (*1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 88 a2 b2 cl +¢c2(#1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 89 a2 b2 el + 02 (#1) d2 e2 f2 45 151 0.50 0.08 0.06 40
Example | 90 22 b2 cl +c2 (1) d2 e 2 45 1.51 0.50 008 | 006 4.0
Example | 91 a2 b2 cl +c2 (%) d2 e2 12 45 151 0.50 0.08 0.06 4.0
Example | 92 a2 b2 cl + 62 (#1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 93 a2 b2 cl +¢2 (¥1) d2 el f2 45 151 0.50 0.08 0.06 40
Example | 94 a2 b2 cl +c2 (%1) d2 e2 2 45 1.51 0.50 0.08 0.06 a0
Example | 95 a2 b2 cl +c2 (¥1) | d2 e2 12 45 1.51 0.50 0.08 0.06 4.0
Example | 96 a2 b2 c1+c2 (1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 97 a2 b2 cl +¢2 (1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 98 a2 b2 el + 62 (¥1) d2 e2 f2 45 1.51 0.50 0.08 0.08 40
Example | 99 a2 b2 cl+c2 (*1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 100 a2 b2 cl+c2(k1)| d2 | e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 101 a2 b2 cl +c2 (¥1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
_Example | 102 a2 b2 cl +¢2 (%1} | d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 103 a2 b2 cl+c2 (k1) | d2 e2 12 45 1.51 0.50 0.08 0.06 40
Example | 104 a2 b2 cl +¢2 (#1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 105 a2 b2 cl +c2 (#1) d2 e2 12 45 1.51 0.50 0.08 0.06 4.0
Example | 106 a2 b2 cl +c2 (¥1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example [ 107} a2 b2 cl +02 (*1) dz e2 2 45 151 0.50 0.08 0.06 4.0
Example [ 108]| a2 b2 cl +c2(x1) d2 e? 72 45 1.51 0.50 0.08 0.06 4.0
Example | 109]| a2 b2 ol + c2 {«1) d2 e2 2 45 1.51 0.50 0,08 0.06 40
E. fe | 110 a2 b2 cl +c2 (%1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 111 a2 b2 cl +c2 (1) d2 e2 f2 45 151 0.50 0.08 0.06 4.0
c"E“‘p"a;""' 12| a2 b2 ol +c2 (1) d2 &2 2 45 151 050 0.08 0.06 40
Comparative _ . _ _ . - - _ - _ _ ~
Exampla 113
Comparative = - - “ " - - - - - - -
Example 14
Comparative
Example 115 a2 b2 el +c2 (*1) d2 e2 f2 45 151 0.50 0.08 0.06 4.0
°°Ex’“;f;';"° 6] a2 b2 ol +c2 (%1) d2 2 2 45 1.51 050 0.08 006 | 40
Example | 117 a2 b2 cl+¢c2 (%1) d2 el 2 45 1.51 0.50 0.08 0.06 40
Example {118 a2 b2 cl +c2 (%1} d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 119 a2 b2 ol +c2 (%1) d2 | e2 f2 45 151 0.50 0.08 0.06 4.0
Example | 120]| a2 b2 el +c2 (#1) d2 e2 2 45 1.51 0.50 0.08 0.06 40

(*1) The ratio (by mass) of c1 to c2is 1:1,
(#3) The proportion (solid content) of the solid (ag) of component (a) in surface treatment liquid (A)
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[0138]
[(Table 1-4]
Table 1-4
Surface treatment liquid (A)
Composition
Test level Com(pal;nent C s C no t [e] e comg:)nent Camz;nent Corrzz:;\ant (cs) /(as) (bs) /(d O | eorwe | ws d4g) oH
Type | Type Type Tee | Tywe | Twe | nt | “mmeer | e | meee | meee”
Example | 121] a2 b2 Gl + o2 (¥1) d2 2 [ 45 151 0.50 0.08 0.06 | 40
Example | 122 a2 b2 cl +¢2 (+1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 123 a2 b2 cl +¢2 (¥1) d2 e2 f2 45 1,51 0.50 0.08 0.08 4.0
Example | 124 a2 b2 cl +c2(%1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 125 a2 b2 cl +c2 (1) d2 el f2 45 1.51 0.50 0.08 0.06 40
Example | 126 a2 b2 cl +¢2 (1) d2 e2 f2 45 1.51 0.50 0.08 0.06 40
Example | 127 a2 b2 cl + c2 (1) d2 e2 f2 45 1.51 0.50 0.08 0.06 40
Example | 128 a2 h2 ol + g2 (*1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
E le | 129 a2 b2 cl +¢2 (1) d2 e2 12 45 1.51 0.50 0.08 0.06 4.0
Example | 130 a2 b2 cl +c2 (%1) d2 e2 T2 45 1.51 0.50 0.08 0.06 4.0
Example | 131 a2 b2 cl +¢2 {¥1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 132 a2 b2 ¢l + c2 (*1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 133 a2 b2 cl +¢2 (x1) d2 e? f2 45 151 0.50 0.08 0.06 4.0
Example | 134 a2 b2 cl +c2 (%1) d2 a2 2 45 1.51 0.50 0.08 0.06 40
Example | 135 a2 b2 el +c2 (1) d2 el f2 45 1.51 0.50 0.08 0.06 40
Example | 136 a2 b2 cl +¢c2 (1) d2 e2 f2 45 151 0.50 0.08 0.06 40
Example | 137 a2 b2 ¢l + c2 (*1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 138 a2 b2 cl +c2 (x1) d2 e2 12 45 151 0.50 0.08 0.06 4.0
Example | 139 a2 b2 cl + 62 (*1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 140 a2 b2 cl +¢2 (1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 141]| a2 b2 | of +o2 (1) &2 o2 7 5 751 | 050 0.08 006 | 40
Example | 142 a2 b2 cl + ¢2 (1) d2 e2 12 45 1.51 050 | 008 0.06 4.0
Example | 143 a2 b2 cl +c2 (1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
Example | 144 a2 b2 el +c2 (1) d2 e2 12 45 1.51 | 050 0.08 0.068 4.0
Example | 145 a2 b2 cl +¢2 (#1) d2 e2 f2 45 1.51 0.50 0.08 0.06 40
Example | 146 a2 b2 cl +¢c2 (x1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 147 a2 b2 el +e2 (#1) d2 el f2 45 1.51 0.50 0.08 0.06 4.0
Example | 148 a2 b2 cl + c2 (1) d2 e? 12 45 1.51 0.50 0.08 0.06 4.0
Example | 149 a2 b2 cl +¢2 (*1) d2 e2 2 45 151 0.50 008 | 0.06 4.0
Example | 150]| a2 b2 ol +¢2 (¥1) d2 e2 2 45 1.51 0.50 0.08 0.06 40
| Example | 151 a2 b2 cl +c2 (¥1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
Example | 152 a2 b2 cl +¢2 (k1) d2 e2 f2 45 1.51 0.50 0.08 0.06 4.0
Example | 153]] a2 b2 cl +c2 (#1) d2 e2 2 45 1.51 0.50 0.08 0.06 4.0
e | 154] a2 b2 | cl+c2ti)|  d2 e2 f2 45 151 050 0.08 006 | 40
Comparative | el 57 b2 ol +c2 (#1) a2 e2 2 45 151 050 0.08 006 | 40
Example

(#1) The ratio (by mass) of ¢l to c2 is 1:1.
(#3) The proportion {solid content) of the solid (ag) of component (a) in surface treatment liquid (A)

[0139]

Compounds in Tables 1-1 to 1-4 are described below.
[0140]
<Resin emulsion (a) containing cationic urethane resin
emulsion (a-1) and/or nonionic acrylic resin emulsion (a-2)>

al: styrene-ethyl methacrylate-n-butyl acrylate-acrylic acid



Bar coating 2.5 140 2.55 Exanple 145 (i) Bar coating 0.50 140 Bar coating 0.01
140 0.51 Exanple 146 (i) Bar coating 0.50 140 Bar coating 12.5 140 3.0 Exanpl e
147 0) Bar coating 0.01 140 Bar coating 0.01 140 0.02 Exanple 148 0) Bar
coating 0.15 140 Bar coating 0.5 50 0.65 Exanple 149 0) Bar coating
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copolymer (nonionic acrylic resin emulsion (a-2))
az2: ADEKA BONTIGHTER HUX-670 (cationic urethane resin
emulsion (a-1))

[0141]

<Tetraalkoxysilane (b)>

bl: tetraethoxysilane

b2: tetramethoxysilane

(0142]

<Silane coupling agent (c)>

cl: y-glycidyltriethoxysilane

c2: 3-mercaptopropyltrimethoxysilane

c3: N-(2-aminoethyl)-3-aminopropyltrimethoxysilane
[0143]

<Chelating agent (d)>

dl: l-hydroxymethane-1.l-diphosphonic acid

d2: acetic acid

d3: phosphoric acid

[0144]

<Vanadic acid compound (e)>

el: ammonium metavanadate

e2: vanadyl acetylacetonate (V:.l9.2%)

[0145]

<Metal compound (f)>

fl: ammonium fluorotitanate

f2: titanium acetylacetonate (Ti: 12.5%)



0.15 140 Bar coating 0.5 100 0.65 Exanple ..... 150 0) Bar coating 0.15 140
Bar coating 0.5 200 0.65 Exanple 151 0) Bar coating 0.15 140 Bar coating 0.5
250 0. 65 Exanple 152 (0 Bar coating 0.15 140 Bar coating 0.5 350 0.65 Exanpl e
153 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65 Conpareve Bxtrap.s
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[0146]

(4) Preparation of Surface Treatment Liquid (B)

The surface treatment liquids (B) appropriately containing
additives, described in Tables 2-1 to 2-4, mixed with the
organic resins (gl to g7) described below were prepared.
Concentrations of the organic resins (g), described in
Tables 2-1 to 2-4, in the surface treatment liquid (B) were
in the range of 4 to 10 g/l. The amounts of the components
(k)y, (1), and (m) are expressed in terms of proportions in

the base resin (g).



Commparawe 154 155 , 10) Bar coating 0.15 0.15 140 Bar coating Bar coating 0.5
0.5 140 140 0.65 0.65 (i) Bar coating 140 Ps - 102 - (6)

Eval uati on Test Method (6-1) Evaluation of Corrosion Resistance Test

pi eces each neasuring 70 by 150 mm were cut out from each test sheet on which
the two filnms had been forned. The back surface and ends of each test piece
were sealed with a vinyl tape. The tgsg pieces were subjected to a salt-water
spray test (SST) conplying with JTS-Z- 571-2000. The corrosion resistance was
eval uated on the basis of the tine required to cause the area proportion of
white rust to reach 5% during the salt-water spray test. Evaluation criteria
are describééi’bel ow. Evaluation criteria 0: The length of tinme the area
proportion of white rust reaches 5%is 240 hours or nore. 0: The |length of
time the &Fe@Rlerédpbrtion of white rust reaches 5%is 192 hours or nore and

| ess than %4p1hours. 0-: The Iength of time the area proportion of white rust
reaches 5% +s-14d—hours—or

t-s—ot_ore- eanmé(gaa than—192 hours. A: The length of time
the area |proport|-on—ef—whi-t-e r'tT reaches—5%-s—{72 hours or nore and | ess than
144 hourd. "xteeThe |%HEEH of t 1 t He™EHrax BPORdrLi on of white rust reaches 5%
is less than 72 howr|ST(L0T67] 1(:6- 2) Eval Jat ion of Overcoatability (Adhesion.)
A conmer gigiey| ayas Ljabl @ mel am-ne 4l Kyd pai nt_was
Example | 2 g6 10 - - -
Example | 3 g6 10 - - -
Example | 4 g6 10 - - -
Example | § g6 10 - - -
Example 6 gb 10 - - -
Example 7 gb 10 - - -
Example 8 g6 10 - - -
Example | 9 gb 10 - - -
| Example | 10 g6 10 - - -
Example | 11 gb 10 - ~ -
Example | 12 g6 10 - - -
Example | 13 gb 10 - - -
Example | 14 gb 10 - - -
Example | 15 g6 10 - - -
Example | 16 g6 10 - - -
Example | 17 g6 8 k1 + 11 (¥5) 100:30 -
Example | 18 gb 8 12 100:30 -
Example | 19 g4 10 - - -
Example | 20 g5 10 - - -
Example | 21 g6 10 - - -
Example | 22 gb 10 - - -
Example | 23 g6 10 - - -
Example | 24 eb 10 = - -
Example | 25 gb 10 - - -
Example | 26 g6 10 - - -
Example | 27 g6 10 - - -
Example | 28 g6 10 - - -
Example | 29 gb 10 - - -
Example | 30 g6 10 - - -
Example | 31 g6 10 - - -
Example | 32 gb 10 - - -
Example | 33 g6 10 - - -
Example | 34 g6 10 - - -
Example | 35 g6 10 - - -
Example | 36 g6 10 - - -
Example | 37 g6 10 - - -
Example | 38 g6 10 - - -
Example | 39 || g6 10 - - -
Example | 40 g6 10 - - -

(*4) indicates the concentration {g/n) of base resin g in surface treatment liquid (B).
(5) The mixing ratio (ratio by mass) ofk1 to 11 is 1:1. (*6) The mixing ratio (ratio by mass) of k1 to I1 to n1is 1:1:0.1.
(7) The mixing ratio (ratio by mass) of k1 to |1 to o1 is 1:1:0.1. ((*8) The mixing ratio (ratia by mass) of k1 to 11 to n1 to o1 is 1:1:0.1:0.1.



- 103 - applied to test pieces each having the sane size as described above in
such a manner that the resulting coating filns each had a thickness of 30 pm
after baking at 140C for 30 m nutes. The test pieces were imrersed in boiling
water for 2 hours. Cuts extending to base steel were nade on a surface of each
test piece with an NT cutter to forma grid pattern divided into 100 sections
each neasuring 1 mmby 1 mm The test g%ece was pushed out by 5 mmw th an

Eri chsen tester in such a manner that the cut portion faced outward_ The

Eri chsen test was perforned under the foll ow ng conditions conplying with
JIS—Z-224Z-€99§ (synmbol of the Erichsen value: 1E): punch dianmeter: 20 ram
di e di ane 8 727 mm and drawing width: 27 mm After the Erichsen test, a tape
peel test was perforned to evaluate the overcoatability (adhesion) on the
basi s of {RebstateZbf the coating film Evaluation criteria are described

bel ow. Evaluation criteria O:Peeled area is zero and | ess than 5% O0: Peeled
area is 5%or nore and |l ess than 10% A: Peeled area is 10%or nore and | ess
than 20% x: Peeled area is 20% or nore. [0168] (6-3) Eval uation of
conductivity The surface resistance of each of the test pieces was
nmeasured using an ESP probe of Loresta GP (manufactured by - 104 Mt subi shi
Chem cal Analytech Co., Ltd). The surface resistance was neasured while a | oad
on the probe was increased in increnments of 50 g. The conductivity was

eval uated on the basis of the mninumload that allowed the surface resistance
to be 10-4 K2 or less. 0: The average load at 10 points is |less than 400 g. O:
The average load at 10 points is 400 g or nore and |less than COO g. 0-: The
average load at 10 points is 600 g or nore and | ess than 800 g. A: The average
| oad at 10 points is 800 g or nore and | ess than 950 g. x: The average | oad at
10 points is 950 g or nore. [0169] (6-4) Evaluation of Shelf Stability
(Storage Stability) Surface treatnent |liquids (A) having the conpositions
described in Tables 1-1 to 1-4 were stored in a constant tenperature oven set
at 40C for 30 days. The appearance of the surface treatnent Liquids was
visually evaluated. 0: No change is observed. 0: Extraordinarily mnute
anounts of precipitates are observed. A. Mnute anpunts of precipitates are
observed. Alternatively, the viscosity is slightly increased. x: Large anmounts
of precipitates are observed. Alternatively, - 105 - gelatin occurs [0170]
Eval uations described in itenms (6-1) to (6-4) were perforned for the

zi nc-based netal coated steel sheets produced by use of the surface treatnent

| i qui ds described in exanpl es and conparative exanples. The evaluation results
are described in Tables 4-1. to 4-4. Note that in. Conparative Exanples
59 and 52, the surface treatnment |iquids were unstable, thus failing to forma
film So, the. evaluations were not perfornmed. [01711
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[ Tabl e 4-1] Table 4-1 Test

| evel

Conductivity Shelf stability Exanple 1 (6) - O
Example 3 C) 0 O

Exanple 4 0 0 @a Exanple 5 .(c) (c)

Table 2-2
Surface treatment liquid (B)
Test level Organic resin Additive Mixing ratio (ratio by mass)
Type Concentration Type gl + 1) &m
(¥4)
Example | 41 g6 10 - - -
Example | 42 g6 10 - - -
Example | 43 g6 10 - - -
Example | 44 g6 10 - = -
| Example | 45 g6 10 - - -
Example | 46 g6 8 k1 + 11 (*5) 100:30 -
Example | 47 g6 8 12 100:30 -
Example | 48 g4 10 - - -
Example | 49 gb 10 - - -
Example | 50 gb 10 - - -
Example | 51 gb 10 - - -
Example | 52 gb 10 - - -
Comparative - -
Example 53 gb 10 -
Comparativa
Exampla 54 g6 10 - - -
Comparative
Examole 55 g6 10 - - -
Comparative - -
Exampla 56 g6 10 -
Comparativa B _ B
Example 5 g6 10
Comparativa B B
Exampla 58 gb 10 - |
Comparative | o ~ _ = _ _
| Example
Comparative " - -
Example 60 g6 10
| Comparative ~ ~ B
| Example 61 g6 10
i Compm;vu 62l - - - ~ _
Comparative — - -
Example 63 g6 10
Comparative _ - .
Example 64 g6 10
Comparative _ ~ _
Example 65 g6 10
Comparative _ _ _
Example 66 gb 10
Comparalive - - -
Example 67 g6 10
Comparalive _ - -
Exampla 68 g6 10
Comparative - ~ ~
Example 69 g6 10
Comparative - - .
Example 70 g6 10
Comparative - - -
Examplo n g6 10
Comparative - - -
Examplo 72 g6 10
Example | 73 gl 10 - - -
Example | 74 g2 10 - - -
Example | 75 g3 10 - - -
Example | 76 gl 10 - - -
Example | 77 g3 8 12 100:30 -
Example | 78 g3 ] k1 +11 (5) 100:30 -~
Example | 79 g3 8 k1 +11 + n1 (*6) 100:30 -
Example | 80 g3 8 k1 +11+ ol (¥7) 100:30 -

(*4) indicates the concentration (g/n) of base resin g in surface treatment liquid (B).
(*5) The mixing ratio (ratio by mass) of k1 to 11 is 1:1. (¥6) The mixing ratio (ratio by mass) of k1 to |1 to n1 is 1:1:0.1.
(*7) The mixing ratio (ratio by mass) of k1 to |1 to o1 is 1:1:0.1. ((*8) The mixing ratio (ratio by mass) of k1 to |1 to n1 to o1 is 1:1:0.1:0.1.

Corrosi on resi stance Adhesi on

0 0 Example 2 0 (c) O

@ Exanpl e 6

@



@0 a Exanmple 7 0 0 a a Exanple
Exanple 10 09 o

Exanpl e

Exanple 11 0 (c)63 63 Exanple 12 0 00 0 Exanpl e 13

@0 00

14 a
- 91
[0149]
[Table 2-3]
Table 2-3
Surface treatment liquid (B)
Test level Organic resin Additive Mixing ratio (ratio by mass)
c -
| Type oncf::;ahon Type gk +1) em
Example | 81| g3 8 k1 +11+n1+01('8) 100:30 -
Example | 82 g3 10 mi - 100:3
Example | 83 g3 8 12+ mil 100:30 100:3
Example | 84 g3 8 k1 + 11 (*5) + m1 100:30 100:3
Example | 85 <] 8 13 100:30 -
Example | 86 g3 8 13+ mil 100:30 100:3
Example | 87 g3 10 - - -
Example | 88 g3 10 - - -
Example | 89 g3 10 - - -
Example | 90 e3 10 - - -
Example | 91 g3 10 - - —
Example | 92 g3 10 - - -
Example | 93 gd 10 - - -
Example | 94 e3 10 - - -
Example | 95 g3 10 - - -
Example | 96 g3 10 - - -
Example | 97 g3 10 - - -
Example | 98 g3 10 - - -
Example | 99 g3 10 - - -
Example | 100|] g3 10 - - -
Example | 101 g3 10 - - -
Example | 102 g3 10 - - -
Example | 103 g3 10 - - -
Example | 104 g3 10 - - -
Example | 105( g3 10 - - -
Example | 106 g4 10 - - -
Example | 107 g4 10 - - -
Example | 108 g4 10 - - -
Example | 109 g4 10 - - -
Example | 110 g4 10 = - -
Example | 111 4 10 - - -
Comparative ~ _ B _ _
Example 112
Comparative _ ~ _
Examnle 113 g3 10
Comparative _ - _
Exampl 14| g4 10
Comparative N ~ -
Example 115 g3 10
Comparalive ~ _ _
Example | 1 16) g4 10
Example | 117 g6 10 12 100:5 -
Example | 118 g6 9 12 100:10 -
Example | 119 g6 6 12 100:70 -
Example | 120 g6 5 12 100:100 -

(¥4) indicates the concentration (g/n) of base resin g in surface treatment liquid (B).
(*5) The mixing ratio (ratio by mass) of k1 to 11 is 1:1, (6) The mixing ratio (ratio by mass) of k1 to I1 to nl is 1:1:0.1.
(*7) The mixing ratio (ratio by mass) of k1 to 11 to o1 is 1:1:0.1. ((*8) The mixing ratic (ratio by mass) of k1 to |1 to n1 to o1 is 1:1:0.1:0.1,

Exanpl e

0 00 @
0 @



Example 15 @ (6) Exanple 16 0 - 0 @Exanple 17 0 @ @ Exanple 18

00

Exanple 19 0 @T (c) O Exanple 20 @ O Exanple 21 @00 @Exanple 22 @

Exanple 23 0
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[0150]

[Table 2-4]

Table 2-4

Surface treatment liquid (B)
Test level Organic resin Additive Mixing ratio (ratio by mass)
Type Gonc?: X ation Type gk +1) gm

Example | 121 g7 ? 12 100:10 -
Example | 122 gl 8 12 100:30 -
Example | 123 gl 6 12 100:70 -
Example | 124 gb 8 k1 100:30 -
Example | 125) g6 8 k1 100:30 -
Example | 126 g6 9 k1 + 11 (*5) 100:10 -
Example | 127 g6 8 k1 + 11 (¥5) 100:30 -
Example | 128 g6 6 k1 + 11 (*5) 100:70 -
Example | 129 4 9 k1 + 11 (¥5) 100:10 -
Example | 130|| g7 8 k1 + 11 (¥5) 100:30 -
Example | 131 g7 6 k1 + 11 (*5) 100:70 -
Example | 132 g6 10 " 100:5 -
Example | 133 gl 10 " 100:5 -
Example | 134 g6 8 12 100:30 -
Example | 135 g6 3} 12 100:30 -
Example | 136 g6 8 12 100:30 -
Example | 137 gb 8 12 100:30 -
Example | 138 g6 8 12 100:30 -
Example | 139 g6 8 12 100:30 -
Example | 140 gb 8 12 100:30 -
Example | 141 gb 8 12 100:30 -
Example | 142 gb 8 12 100:30 -
Example | 143 g6 8 12 100:30 -
Example | 144 gb 8 12 100:30 -
Example | 145 g6 8 12 100:30 -
Example | 146 g6 8 12 100:30 -
Example | 147 g6 8 12 100:30 -

| Example | 148 g6 8 12 100:30 -
Example | 149 g6 8 12 100:30 -
Example | 150 g6 B 12 100:30 -
Example | 151 gb 8 12 100:30 -
Example | 152 g6 8 12 100:30 -
Example | 1563 g6 4 12 100:150 -
e | 154~ 0 12 030 -
Comparaive | 155 — 0 K1+ 11 (4+5) 0:30 -

(*4) indicates the concentration (g/n) of base resin g in surface treatment liquid (B).

(+5) The mixing ratio (ratio by mass) of k1 to [1 is 1:1. (*6) The mixing ratio (ratio by mass) of k1 to 11 to n1 is 1:1:0.1.
(*7) The mixing ratio (ratio by mass) of k1 to 11 to o1 is 1:1:0.1. ((#8) The mixing ratio (ratio by mass) of k1 to I1 to n1 to o1 is 1:1:0.1:0.1.

[0151]

Compounds in Tables 2-1 to 2-4 are described below.

0
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<Organic Resin: organic resin that does not contain OH group
and/or COOH group>

gl: polyolefin resin (Model: HYTEC S-3121, manufactured by
TOHO Chemical Industry Co., Ltd.)

g2: fluorocarbon resin (Model: Lumiflon LF552, manufactured
by Asahi Glass Co., Ltd.)

[0152]

<Organic resin: organic resin (g-1) containing OH group
and/or COOH group>

g3: epoxy resin (Model: jER1009, manufactured by Japan Epoxy
Resin Co., Ltd.)

gd: urethane resin (Model: Superflex E-2000, manufactured by
Dai-Ichi Kogyo Seiyaku Co., Ltd.)

g5: alkyd resin (Model: PHTHALKYD W2343, manufactured by
Hitachi Chemical Company, Ltd.)

[0153]

<Organic resin: hydrazine-modified organic resin (g-2)>

g6: [Synthesis Example 1]

EP828 (manufactured by Yuka Shell Epoxy K.K., epoxy
equivalent: 187) (1870 parts by mass), bisphenol A (91 2
parts by mass), tetraethylammonium bromide (2 parts by mass),
and methyl isobutyl ketone (300 parts by mass) were charged
into a four-necked flask. The mixture was heated to 140°C
and reacted for 4 hours to give an epoxy resin having an

epoxy equivalent of 1391 and a solid content of 90% by mass.



Exanple 33 @63 0 Exanple 34 , Exanpl e 35 Exanpl e 36 Exanple 37 Hi
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Tabl e 4-2

108 -

- 94 -

Ethylene glycol mono-n-butyl ether (1500 parts by mass) was
added thereto. The mixture was cooled to 100°C. Then 3,5-
dimethylpyrazole (molecular weight: 96) (96 parts by mass)
and dibutylamine (molecular weight: 129) (129 parts by mass)
were added thereto. The mixture was reacted for 6 hours
until the epoxy groups disappear. Methyl isobutyl ketone
(205 parts by mass) was then added thereto with cooling,
thereby yielding a pyrazole-modified epoxy resin having a
solid content of 60% by mass. This resin is defined as an
organic resin (g6). The organic resin (g6) is a reaction
product of the organic resin (C) and the active hydrogen-

containing compound (i) that contains the active hydrogen-

containing hydrazine derivative (h) in an amount of 50 mol%.

[0154]
g7: [Synthesis Example 2]

EP1007 (manufactured by Japan Epoxy Resin Co., Ltd.,
epoxy equivalent: 2000) (4000 parts by mass) and ethylene
glycol mono-butyl ether (2239 parts by mass) were charged
into a four-necked flask. The mixture was heated to 120°C
to completely dissolve the epoxy resin in 1 hour. The

solution was cooled to 100°C. Then 3-amino-1,2,4-~triazole

(molecular weight: 84) (168 parts by mass) was added thereto.

The mixture was reacted for 6 hours until the epoxy groups
disappear. Methyl isobutyl ketone (540 parts by mass) was

then added thereto with cooling, thereby yielding a
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triazole-modified epoxy resin having a solid content of 60%
by mass. This resin is defined as an organic resin (g7).
The organic resin (g7) is a reaction product of the organic
resin (C) and the active hydrogen-containing compound (i)
that contains the active hydrogen-containing hydrazine
derivative (h) in an amount of 100 mol%.

[0155]

<Ca ion-exchanged silica (k)>

kl: Ca ion-exchanged silica (Model: SHIELDEX C303,
manufactured by W. R. Grace & Co.)

[0156]

<Silicon oxide (1)>

11: fumed silica (Model: AEROSIL 200, manufactured by Nihon
Berosil Co., Ltd.)

12: organosilica sol (Model: Organosilica Socl MA-ST-MS,
manufactured by Nissan Chemical Industries Ltd.)

13: colloidal silica (Model: Snowtex 30, manufactured by
Nissan Chemical Industries Ltd.)

[(0157]

<Lubricant (m)>

ml: polyethylene wax (Model: Ceridust 3620, manufactured by
Clariant (Japan) K.K.)

[0158]

<Phosphate (n)>

nl: zinc phosphate



Exanple 47 48 49 50 a 0ll @@0O, .0ao0 0 0PO Exanple a Exanpl e
51 a0 Exanple -"CPl:el -Z. 4W Exanpl e_ ---Conparative Exanple
Conpar ati ve Exarnsla Conparative Exanpl e Conparative Emmale 52 -53 E[ 1

- 96 -

[0159]

<Molybdate (o)>

ol: aluminum molybdate

[0160]

(5) Method for producing zinc-based metal coated steel sheet

The surface treatment liquid (A) was applied to one
surface of each of the test pieces by bar coating. The
resulting test pieces were not washed with water. The test
pieces were placed in an induction furnace and dried by
heating at drying temperatures described in Tables 3-1 to 3-
4, thereby forming films having thicknesses (pm) described
in Tables 3-1 to 3-4. The surface treatment liquid (B) for
the formation of the second layer was applied to a surface
of each of the films. The test pieces were placed in the
induction furnace and dried by heating at drying
temperatures described in Tables 3-1 to 3-4, thereby forming
films having thicknesses (pm) described in Tables 3-1 to 3-4.
Thereby, zinc-based metal coated steel sheets according to
examples and comparative examples were produced.

The heat-drying temperature was adjusted on the basis
of induction heating power. Note that, the heat-drying
temperature corresponds to the maximum temperature of the
surface of the test piece.

[0161]

A specific bar coating method is as follows.
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Each of the surface treatment liquids was dropped on a
corresponding one of the test pieces and applied with a bar
coater (selected from rod Nos. 3 to 5). The thickness of
each film was adjusted by selecting the rod number of the
bar coater and the concentration of the surface treatment
liquid so as to obtain the thicknesses described in Tables

3-1 to 3-4.
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[0162]
[Table 3-1]
Table 3-1
Treatment method of surface Treatment method of surface
Test treatment liquid (A) treatment liquid (B) Total film
Test level sheet Coating Thickness Drying Coating Thickness Drying thickness
method | temperature|  method temperature
Type Type ym °C Tyoe um °C um
Example | 1 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
| Example | 2 ® Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 3 (6) Bar coating 0.15 140 Bar coating 0.5 140 065 |
Example | 4 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 5 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 6 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 7 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 8 @) | Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 9 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 10 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 11 @ Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 12 (i | Bar coating 0.15 140 Bar coating 0.5 140 | 0.65
Example | 13 ® Bar coating 0.01 140 Bar coating 0.5 140 051
Example | 14 (0] Bar coating 0.05 140 | Bar coating 0.5 140 0.55
Example | 15 @) Bar coating 0.1 140 Bar coating 0.5 140 0.6
Example | 16 0] Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 17 0] Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 18 @ Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 19 @) Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 20 (0] Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 21 @ Bar coating 0.3 140 Bar coating 0.5 140 0.8
Example | 22 0] Bar coating 0.5 140 Bar coating 0.5 140 1.0
Example | 23 @ Bar coating 0.8 140 Bar coating 0.5 140 1.3
Example | 24 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 25 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 26 M Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 27 ® Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 28 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 29 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 30 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 31 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 32 (0] Bar coating 0.15 140 Bar coating 0.5 140 i 0.65
Example | 33 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 34 @) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 35 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 36 @ Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 37 @ Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 38 (i) | Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 39 @ Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 40 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
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[Table 3-2]
Table 3-2
| Treatment method of surface Treatment method of surface
Test treatment liquid (A) treatment liquid (B) Total film
Test level sheet Coaling Thickness Drying Coating Thickness Drying thickness
| method temnerature|  method lemperafurg
i s
Type |  Type um °C Type um °C um
| Example | 41 @) | Bar coating| 015 140 Bar coating 0.5 140 0.65

Example | 42 (i) | Bar coating 0.01 140 Bar coating 0.5 140 051
Example | 43 0] Bar coating 0,05 140 Bar coating 0.5 140 0.55
Example | 44 @) Bar coating 0.1 140 Bar coating 0.5 140 0.6
Example | 45 (0] Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 46 (i) Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 47 (1) Bar coating 0.2 140 Bar coating 0.5 140 0.7
Example | 48 (i) Bar coating 0.2 140 Bar coating 05 140 0.7
Example | 49 [0} Bar coating 0.2 140 Bar coating 05 140 0.7
Example | 50 (0] Bar coating 0.3 140 Bar coating 05 140 0.8
Example | 51 (6] Bar coating 0.5 140 Bar coating 0,5 140 1.0
Example | 52 (i) Bar coating 0.8 140 Bar coating 05 140 1.3

i |
cm:hm §3§ () |Boroosting| 015 140 | Bar coating| 0.5 140 0,65
cm"ﬁ 54 () | Barcoating| 0.15 140 | Barcoating| 05 140 065
el s © | Bar coating| 015 140 | Bar coating| 05 140 0.65
Comparative . . .

Example 56 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
me 57 (0] Bar coating 0.15 140 Bar coating 05 140 0.65
Cmrpa’eﬁw 58 (@) Bar coating | 0.15 140 Bar coating| 0.5 140 0.65
Comparative - - _ - _ - _ -

Example 59
e 50f @ | Bar coating [ 0.5 140 | Barcoating | 05 140 0.65
CuEmr;‘ive 61 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Comparalive - - - - - - - -

Exampla 62

) o 53] © | Bar costing | .15 140 | Bar coating| 05 140 0.65
C‘E';‘;’;';‘;"“ 64| @ |Barcoating| 015 140 | Barcosting| 05 140 0.65
Co;f;:’;iva 65 0] Bar coating | 0.005 140 Bar coating |  0.005 140 0.1
Comparative . . N

Examplo 66 (i) Bar coating 1.5 140 Bar coating 20 140 35
C"E’;.f;;ji"“ 67| ) |Barcoating| 0.5 140 | Bar coating| 0.5 140 0.65
C'E’L‘ff;;:‘"’ 88l () | Bercoating] 015 140 | Bar costing | 05 140 0.65
Comparative " . .

Exampls 69 (6] Bar coating 0.15 140 Bar coating 0.5 140 QF{S
Comparative . . .

Exemple 70 (i) Bar coating 0,15 140 Bar coating 0.5 140 0.65
Comparalive : . .

Example n (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Comparative . . .

Exompls 72 (6] Bar coating 0,15 140 Bar coating 0.5 140 0.65
Example | 73 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 74 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 75 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 76 (i) Bar coating 0.15 140 Bar coating 05 140 0.65
Example | 77 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 78 (i) Bar coating 0.15 140 Bar coating| 0.5 140 0.65
Example | 79 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 80 (i) Bar coating 0.15 140 Har coating 0,50 140 0.65

Conparative
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[Table 3-3]
Table 3-3
Treatment method of surface Treatment method of surface
Test treatment liquid (A) treatment liquid (B) Total film
Test level | sheet Coating |, | Drying Coating | . s Drving thickness
method temperature|  method {lemperalure

Type Type pm °C Type wn °C um
Example | 81 i) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 82 @ | Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 83 @) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 84 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 85 @) Bar coating |  0.15 140 Bar coating 0.5 140 0.65
Example | B6 @ Bar coating | 0.15 140 Bar coating 05 140 0.65
Example | 87 0] Bar coating | 0.15 140 Bar coating 0.01 140 0.16
Example | 88 @ Bar coating 0.15 140 Bar coating 0.05 140 0.2
Example | 89 (0] Bar coating | 0.15 140 Bar coating 0.1 140 0.25
Example | 90 @ Bar coating | 0.15 140 Bar coating 0.3 140 0.45
Example | 91 G) Bar coating 0.15 140 Bar coating 1.0 140 1.15
Example | 92 (0] Bar coating | 0.15 140 Bar coating 2.0 140 2.15
Example | 93 (0] Bar coating 0.10 140 Bar coating | 0.3 140 0.4
Example | 94 @) Bar coating | 0.10 140 Bar coating 1.0 140 1.1
Example | 95 (0] Bar coating 0.20 140 Bar coating 0.3 140 0.5
Example | 96 [0 Bar coating 0.20 140 Bar coating 1.0 140 1.20
Example | 97 | 0] Bar coating 0.05 140 Bar coating 25 140 2.55
Example | 98 () Bar coating | 0.50 140 Bar coating 0.01 140 0.51
Example | 99 (i) Bar coating 0.50 140 Bar coating 2.5 140 3.00
Example | 100 @) Bar coating 0.01 140 Bar coating 0.01 140 0.02
Example | 101 0] Bar coating 0.15 140 Bar coating 0.5 50 0.65
Example | 102 (0] Bar coating 0.15 140 Bar coating 0.5 100 0.65
Example | 103 (0] Bar coating 0.15 140 Bar coating 0.5 200 0.65
Example | 104 ® Bar coating 0.15 140 Bar coating 0.5 250 0.65
Example | 105 (i) | Bar coating 0.15 140 Bar coating 05 350 0.65
Example | 106 (i | Bar coating 0.15 140 Bar coating 0.3 140 0.45
Example | 107 @) Bar coating 0.15 140 Bar coating 1.0 140 1.15
Example | 108 @) Bar coating | 0.10 140 Bar coating 0.3 140 0.4
Example | 109 0] Bar coating 0.10 140 Bar coating 1.0 140 1.1
Example | 110 [0)] Bar coating 0.20 140 Bar coating 0.3 140 0.5
Example | 111 (0] Bar coating 0.20 140 Bar coating 1.0 140 1.2
e 1iz]  ® | Bar coating | 0.15 140 - 0 - 0.15
113 ® - 0 - | Barcoating| 05 140 05
St RIT1 IO - 0 - | Barcoating | 05 140 05
COETE:;‘:VE 115 @) Bar coating | 0.15 140 Bar coating 3.0 140 3.15
C"g;’;’;‘i"" 116 () | Barcoating| 0.15 140 | Barcoating| 3.0 140 3.15
Example | 117 (0} Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 118 (0) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 119 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 120 (i) Bar coating | 0.15 140 Bar coating 0.5 140 0.65

Exanpl e Exanple 77
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[Table 3-4]
Table 34
Treatment method of surface Treatment method of surface
Test treatment liquid (A) treatment liquid (B) Total film
Test level sheet Coating | .. o | Drying Coating | 1 \ress| DViNG thickness
method | temperature|  method temperature
Type Type um | °C Type um °C um
Example | 121 G) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 122 G) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 123 @) Bar coating 0.15 140 Bar coating 05 140 0.65
Example | 124 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 125 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 126 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 127 @ Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 128] @) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 129 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 130 () Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 131 0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 132 (0) Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 133 (0] Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example | 134 0] Bar coating 0.15 140 Bar coating 0.01 140 0.16
Example | 135 0] Bar coating 0.15 140 Bar coating 0.05 140 0.2
Example | 136 (i) Bar coating 0.15 140 Bar coating 0.1 140 0.25
Example | 137 [0} Bar coating 0.15 140 Bar coating 0.3 140 0.45
Example | 138 @ Bar coating 015 140 Bar coating 1.0 140 1.15
Example | 139 @ Bar coating 0.15 140 Bar coating 2.0 140 215
Example | 140 0] Bar coating 0.10 140 Bar coating 0.3 140 0.40
Example | 141 0) Bar coating | 0.10 140 Bar coating 1.0 140 1.1
Example | 142 0] Bar coating 0.20 140 Bar coating 0.3 140 0.5
Example | 143 0] Bar coating | 0.20 140 Bar coating 1.0 140 1.2
Example | 144 0] Bar coating 0.05 140 Bar coating 2.5 140 2.55
Example | 145 @) Bar coating 0.50 140 Bar coating 0.01 140 0.51
Example | 146 (0] Bar coating 0.50 140 Bar coating 2.5 140 3.0
Example | 147 (0] Bar coating 0.01 140 Bar coating 0.01 140 0.02
Example | 148 0] Bar coating 015 140 Bar coating 0.5 50 0.65
Example | 149 0] Bar coating 0.15 140 Bar coating 0.5 100 i 0.65
Exarnple | 150 (O] Bar coating| 0.15 140 Bar coating 0.5 200 0.65
| Example | 151 0] Bar coating 0.15 140 Bar coating 0.5 250 0.65
Example | 152 () Bar coating 0.15 140 Bar coating 0.5 350 0.65
Example | 153 () Bar coating | 0.15 140 Bar coating 0.5 140 0.65
ngzﬂafe 154] @ | Barcoating| 015 140 | Bar coating| 0.5 140 0.65
Cz:;:;?e 155 @ | Bar coating| 0.5 140 | Bar coating| 0.5 140 0.65

[0166]
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(6) Evaluation Test Method
(6-1) Evaluation of Corrosion Resistance

Test pieces each measuring 70 by 150 mm were cut out
from each test sheet on which the two films had been formed.
The back surface and ends of each test piece were sealed
with a vinyl tape. The test pieces were subjected to a
salt-water spray test (SST) complying with JIS-Z-2371-2000.
The corrosion resistance was evaluated on the basis of the
time required to cause the area proportion of white rust to
reach 5% during the salt-water spray test. Evaluation
criteria are described below.
Evaluation criteria
®: The length of time the area proportion of white rust
reaches 5% is 240 hours or more.
O: The length of time the area proportion of white rust
reaches 5% is 192 hours or more and less than 240 hours.
O-: The length of time the area proportion of white rust
reaches 5% is 144 hours or more and less than 192 hours.
A: The length of time the area proportion of white rust
reaches 5% 1s 72 hours or more and less than 144 hours.
x: The length of time the area proportiocn of white rust
reaches 5% is less than 72 hours.
[0167]
(6-2) Evaluation of Overcoatability (Adhesicn)

A commercially available melamine alkyd paint was
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applied to test pieces each having the same size as
described above in such a manner that the resulting coating
films each had a thickness of 30 pm after baking at 140°C
for 30 minutes. The test pieces were immersed in boiling
water for 2 hours. Cuts extending to base steel were made
on a surface of each test piece with an NT cutter to form a
grid pattern divided into 100 sections each measuring 1 mm
by 1 mm. The test piece was pushed out by 5 mm with an
Erichsen tester in such a manner that the cut portion faced
outward. The Erichsen test was performed under the
following conditions complying with JIS-2-2247-2006 (symbol
of the Erichsen value: IE): punch diameter: 20 mm, die
diameter: 27 mm, and drawing width: 27 mm. After the
Erichsen test, a tape peel test was performed to evaluate
the overcoatability (adhesion) on the basis of the state of
the coating film. Evaluation criteria are described below.
Evaluation criterié
®: Peeled area is zero and less than 5%.
O: Peeled area is 5% or more and less than 10%.
A: Peeled area i1s 10% or more and less than 20%.
x: Peeled area is 20% or more.
[0168]
(6-3) Evaluation of Conductivity

The surface resistance of each of the test pieces was

measured using an ESP probe of Loresta GP (manufactured by
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Mitsubishi Chemical Anélytech Co., Ltd). The surface

resistance was measured while a load on the probe was

increased in increments of 50 g. The conductivity was

evaluated on the basis of the minimum load that allowed the

surface resistance to be 107" Q or less.

®: The average load at 10 points is less than 400 g.

O: The average load at 10 points is 400 g or more and less

than 600 g.

O-: The average load at 10 points is 600 g or more and less

than 800 g.

A: The average load at 10 points is 800 g or more and less

than 950 g.

x: The average load at 10 points is 950 g or more.

[0169]

(6-4) Evaluation of Shelf Stability (Storage Stability)
Surface treatment liquids (A) having the compositions

described in Tables 1-1 to 1-4 were stored in a constant

temperature oven set at 40°C for 30 days. The appearance of

the surface treatment liquids was visually evaluated.

®: No change is observed.

O: Extraordinarily minute amounts of precipitates are

observed.

A: Minute amounts of precipitates are observed.

Alternatively, the viscosity is slightly increased.

x: Large amounts of precipitates are observed. Alternatively,
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gelation occurs.
[0170]

Evaluations described in items (6-1) to (6-4) were
performed for the zinc-based metal coated steel sheets
produced by use of the surface treatment liquids described
in examples and comparative examples. The evaluation
results are described in Tables 4-1 to 4-4.

Note that in Comparative Examples 59 and 62, the
surface treatment ligquids were unstable, thus failing to
form a film. So, the evaluations were not performed.

[0171]
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[Table 4-1]
Table 4-1
Test level Corrosion resistance Adhesion Conductivity | Shelf stability
Example | 1 © © © ©
Example | 2 ®) © © ©
Example 3 © © (@) ©
Example 4 © © © ©
Example | 5 © © © ©
Example | 6 © ®) © ©
Example | 7 © © © ©
Example 8 © © © ©
Example 9 © © © ©
Example | 10 © © © @
Example | 11 © © © ©
Example | 12 O © © ©
Example | 13 o) (®) © ©
Example | 14 © © © ©
Example | 15 © © © ©
Example | 16 © @) © ©
Example | 17 © © © ©
Example | 18 © © © ©
Example | 19 © © © ©
Example | 20 © © © ©
Example | 21 © © © ©
Example | 22 © © @] ©
Example | 23 © © O- ©
Example | 24 0) © © ©
Example | 25 © © © ©
Example | 26 © © © ©
Example | 27 © (0] © ©
Example | 28 @) © © O
Example | 29 © © © ©
Example | 30 ®) ®) © ©
Example | 31 © © © ©
Example | 32 (@) © © ©
Example | 33 © © © ©
Example | 34 @) © @) ©
Example | 35 © © © ©
Example | 36 © © © O
Example | 37 © © © ©
Example | 38 0 © © ©
Example | 39 © © © ©
Example | 40 ©) © © ©

0 Exanpl e 109
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[0172]

[Table 4-2]
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Table 4~2
Test level Corrosion resistance| Adhesion | Conductivity | Shelf stability
Example | 41 ®) © ©) (o)
Example | 42 (o) © © ©
Example | 43 © © © ©
Example | 44 © ®) © ©
Example | 45 © © © ©)
Example | 46 © (@) © (©)
Example | 47 © © © ©
Example | 48 © © © ©
Example | 49 © © (®) ©
Example | 50 © © © ©
Example | 51 © @] O ©
Example | 52 © ®) O- ©
Comparative 53
|__Example 0] X O ©
Comparative 54
Example X 0] A A
Comparative 55
Example X O A O
Comparative 56
Example X @) © 0)
Comparative 57
Example X @] A A
Comparative 58
Exampla @) X A A
Comparative 59
Example | - - - -
Comparalive 650
Example x @] © A
Comparative 61
Exampla X @] © A
Comparative 62
Example - - - -
Comparative 63
Example @] (@) X X
Comparative 64
Example (@) X © A
Comparative 65
Example X (@] ©) ©
Comparative 66
|__Example © @) X ©
Comparative 67
Example X X (@) ©
Comparative 68
Example X X X ©
Comparative 69
X X x ©
Comparative 70
Example X X X X
Comparative 71
.. Examole X X X ©
Comparative 72
| Example X X X ©
Example | 73 O- O © @)
Example | 74 O~ o) © ®)
Example | 75 O © © ©
| Example | 76 © © © ©
Example | 77 (o) ©® © ©
Example | 78 O © © ©)
Example | 79 (o) © © ©
Example | 80 (®) © ® ©

Exanpl e 117
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[Table 4-3]
Table 4-3
Test level Corrosion resistance| Adhesion Conductivity | Shelf stability
Example | 81 O © © ©
Example | 82 ®) @) © ©
| Example | 83 O @) © ©
Example | 84 ®) © © ©
Example | 85 @) © © ©
Example | 86 ) © © ©
Example | 87 O- © © ©
| Example | 88 0 © © ©
| Example | 89 (e} ) © ©
Example | 90 () © © ©
Example | 91 © © (@] ©
Example | 92 ®) © O- ©
Example | 93 o) ©® © ©
Example | 94 © © © ©
Example | 95 © © © ©
| Example | 96 © © O ©
Example | 97 [®) © ®)] ©
Example | 98 © © ©) ©
Example | 99 © © O- ©
Example | 100 A © © ©
Example | 101 O~ © © ©
Example | 102 o) © © ©
Example | 103 (e} © © ©
Example | 104 o) © © ©
Example | 105 O- © © ©
Example | 106 (@) © © ©
Example | 107 © © (@] ©)
Example | 108 o) © © ©
| Example | 109 || © © O ©
Example | 110 || © © © ©
Example | 111 © (@) 0 ©
e ] 112 A © © ©
| Comparative 113
Example X A © ©
| Comparative 114
| Example X A © ©
Comparative 115
Example © O X ©
| Comparative 116
Example © (@) X ©
Example | 117 @) © © ©
| Example | 118 ) © © ©
Example | 119 ®) © © ©
Example | 120 O © @) ©
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(Table 4-4]
Table 4-4
Test level Corrosion resistance| Adhesion Conductivity | Shelf stability
Example | 121 © © © ©
Example | 122 ©) © © ©
Example | 123 ) © © ©
Example | 124 ©® © © ©
Example | 125 © ®) © ©
Example | 126 ©) © © ©
Example | 127 ® @) © ©
Example | 128 © © 0] ©
Example | 129 © © © ©
Example-| 130 © © © ©
Example | 131 © ©® (@] ©
Example | 132 © © © ©
Example | 133 © © © ©
Example | 134 (o) © © ©
Example | 135 e © © ©
Example | 136 O ) © ©)
Example | 137 ® © © ©
Example | 138 © @) O ©
Example | 139 ®) © O~ ©
Example | 140 O © © ©
Example | 141 © @) © ©
Example | 142 © © © ©
Example | 143 © © O ©
Example | 144 © © (@) ©
Example | 145 © @) © ©
Example | 146 © © O- ©
Example | 147 O- © © ©
Example | 148 O- © © ©
Example | 149 (e) © © ©
Example | 150 ©) © © ©
Example | 151 © © © ©
Example | 152 (o) ®) © ©
Example | 153 O- A O- ©
el K1 I . | o | o
i A N
[0175]

As described in Tables 4-1 to 4-4,

each of the zinc-

00
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based metal coated steel sheets according to the present
invention has excellent corrosion resistance, adhesion, and
conductivity even if the steel sheet is in contact with, for
example, a gasket at a low contact pressure. In contrast,
in each of the comparative examples, in which any of the
requirements is outside the appropriate range of the present
invention, at least one of the corrosion resistance,
adhesion, conductivity, and shelf stability was not
sufficient.

Industrial Applicability

[0176]

It is possible to provide a zinc-based metal coated
steel sheet including a film free from a pollution control
substance, such as hexavalent chromium, the steel sheet
having excellent properties, such as corrosion resistance
and adhesion, and having excellent conductivity even under
severe conditions where the steel sheet is in contact with,
for example, a gasket at a low contact pressure, in
particular, without reducing corrosion resistance. So, the
zinc-based metal coated steel sheet of the present invention
is significantly useful for components for use in, for
example, automobiles, household electrical appliances, and

OA equipment.
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CLAIMS
[Claim 1]

A zinc-based metal coated steel sheet comprising:

a surface film arranged on a surface of a zinc-based
metal coated layer, the surface film having a two-layer
structure including a first layer and a second layer,

wherein the first layer is formed by applying a surface
treatment liquid (A) for a zinc-based metal coated steel
sheet to the surface of the zinc-based metal coated layer
and performing drying by heating, the surface treatment
liquid (A) containing a resin emulsion (a) that contains a
cationic urethane resin emulsion (a-1) and/or a nonionic
acrylic resin emulsion (a-2), the cationic urethane resin
emulsion (a-1) containing at least one cationic functional
group selected from primary to tertiary amino groups and
guaternary ammonium salt groups, a tetraalkoxysilane (b), at
least one silane coupling agent (c) that contains at least
one reactive functional group selected from active hydrogen-
containing amino groups, an epoxy group, a mercapto group,
and a methacryloxy group, a chelating agent (d), a wvanadic
acid compound (e), a titanium compound (f), and water, the
surface treatment liquid (A) having a pH of 3 to 6 and being
adjusted so as to satisfy requirements (I) to (V) described
below, wherein the second layer is formed by applying a

surface treatment liquid (B) that contains an organic resin
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(g) to a surface of the first layer and performing drying by
heating, and wherein the total thickness of the first layer
and the second layer is in the range of 0.1 to 3.0 um per
side:
(I) the proportion of the solid (as) of the resin emulsion
(a) is in the range of 11% to 45% by mass with respect to
the total solid of the treatment liquid;
(IT) the ratio by mass of the solid of the silane coupling
agent (c) to the solid of the resin emulsion (a), i.e.,
(cs/as), is in the range of 1.51 to 5.35;
(ITI) the ratio by mass of the solid of the
tetraalkoxysilane (b) to the solid of the chelating agent
(d), 1i.e., (bs/dg), is in the range of 0.15 to 1.49;
(IV) the ratio of the mass (ey) of the vanadic acid compound
(e) in terms of V to the mass of the solid (dg) of the
chelating agent (d), i.e., (ey/ds), is in the range of 0.03
to 0.23; and
(V) the ratio of the mass (fr) of the titanium compound (f)
in terms of Ti to the mass of the solid (dg) of the
chelating agent (d), i.e., (f:/ds), is in the range of 0.02
to 0.19.
[Claim 2]

The zinc-based metal coated steel sheet according to
Claim 1, wherein the organic resin (g) in the surface

treatment ligquid (B) contains an organic resin (g-1) that



X x 0 0 Conparative 155 Example x x A __.0. [0175] Dbased netal coated
steel sheets according to the present invention has excellent corrosion

resi stance, adhesion, and conductivity even if the steel sheet is in contact
with, for exanple, a gasket at a | ow contact pressure. In contrast, in each of
t he conparative exanples, in which any of the requirenments is outside the
appropriate range of the present inventigpn, at |east one of the corrosion
resi stance, adhesion, conductivity, and shelf stability was not sufficient_

| ndustri al Applicability [0176] It is possible to provide a zinc-based
nmet al coat ed steel i ncl udi mfree froma pollution contro
substancecogﬁéﬁnisaﬁeﬁgvﬁFQHP @ﬂagﬂfuﬁicpﬂa §f8BP-sheet havi ng excel | ent
propertie such s corrosion resi stance and adhesi on, and havi ng excel | ent
conduct i vi Fy &len under severe conditions where the steel sheet is in contact

th, f kt t ti | i t hout
eduei ng. cor rouren® a8 St & aa%““?%%%%ﬁi?a%%%@cﬁiﬁgﬁ&
t he presee& HHV nthggr §n5£ ékéﬁ Fyrggﬁk }o&ncgﬂgogﬁg%%ﬁf use in, for

exanpl e, oo iles, ouse rica i ances equrpnent -

112 - CLA%P@ Eﬁéﬁknhlggédz'ﬁ9 Qé edifetgl y geééﬁgnétﬁghl§9%ﬁto rk?'”g

a surface f| m ar r ang on a sur ace of a zinc-based netal coate ayer t he

surface fibeyhayyng) afbmehawrraaee%w@ltﬂcwdhegl@ef hiat-ob@yer and a second
| ayer, wheréin the first layer is formed by applying a surface treatnent

liquid (Aroheriaizgneohpseddmetal ceppbedasbeeh sheehztaet Berswiface of the
zinc-based netal coated |ayer and perform ng drying by heating, the surface
treat ment (hiqahdwhArhcebhai Birngla p€stbBmpBuUh8EOBOGBhihhatteert ains a cationic
urethane resin enul sion (a-1) and/or a nonionic acrylic resin enul sion (a-2),

t he cati ohydrugehhane resin enmulsion (a-1.) containing at | east one cationic
functional group selected fromprimary to tertiary am no groups and quaternary
amoni um $8Lleigr dups, a tetraal koxysilane (b), at |east one silane coupling
agent (c) that contains at |east one reactive functional group selected from
active hydr ogehheoniadnpbagedneoa hrovpsed apt epbxyhgebupscardengaptro group, and
a methacryl oxy group, a chelating agent (d), a vanadic acid conpound (e), a
titaniunré@ﬁp@ﬂﬁdoéfﬁlaaﬁé water 3t Heegginatbet peafaent tireqiineéntA) having a pH
of 3 to 6_and being adjusted so as to satisfy requirenments (T) to (V)

descri bed b@Pé@r ﬁgeﬁéFﬁhﬁﬁec§ééénﬁsléyéPStsPFSWﬁﬁﬁlH? applyig o Jdur f ace

treaTnent hguid gB) that contains an organic resin - 113 - (g) to a surface
of the fif§ Eﬁyé and perform ng drying by heating, and wherein the total
t hi ckness of t e first |ayer and S | ayer in the of 0.1 to

ec rang
3.0 pm per side?® FHICTRE°PY IPort oﬁo%?egh%t§% ﬁh?%E)aS?OFﬂéngeEPn enul si on

h f 11% 45% b th t t t he tot.al lid of
(%) 15 Lncile.r anoe, oL AL 182 by mss i tharespect (9)the fotal, sol id o

' The range GRC1 081 1 B %%Eiﬂf?f P T8 BRRpoREde b st ol the
tetraalkogrébgﬁegvgbgfgqt&bg jg 95 %ytaﬁeccahagleg agcct1bg>ggg¥%%gmib8/ds),

is in the range of 0 rati'o of the mas

vanadi ¢ aghdsCORPOURds(BF kRt 8EMBOE M ihatt ii@trra%%sgfe tth%osq;liiedt(aﬂc@ of the
chel .ating agent (d), i.e., (ev/ds), is in the range of 0.03 to 0.23; and (V)

the ratioafbuhheors®o( bhrtaf bihRakkt ani URCorBaUAE (‘cfe)sﬂnn %ﬁ”ﬂh chheT! to the
mass of the solid (ds) of the chelating agent (d), i.e., (fT/ds), is in the
range of BQu@2Zate @ri9impEkanfiyilid (B):The zinc-based netal coated steel sheet
according to Caim1, wherein the organic resin (g) in the surface treatnent
i quid (E)k¢onokains-agconggabcsiesktn;(9nd) that - 114 - contains an OH group
and/ or a COON group. [C aim 3] The zi nc-based netal coated steel sheet
accordi ng (Lo Ehainmoh, owhderein the organic resin (g) in the surface treatnent
liquid (B) contains a hydrazine-nodified organic resin (g-2) formed by
reaction Wthimn6dctive hydrogen-contai ni ng conpound (i) conposed of a
hydrazi ne derivative (h) in which sonme or all of conpounds contain active
hydrogen. [d afhe4}iinc-bagge meéhel basetedesbbetoahedtsteebrdhsegt taccording to
any one of Clains 1 to 3, wherein the surface treatnment liquid (B) further
contains a rust preventive additive (j). [Oaimb5]



The zi nc-based netal coated steel sheet according to Claim4, wherein the rust
Preventive additive (j) contains (k) and/or (1) described bel ow, the
proportion of the rust preventive additive (k) is in the range of 1 to 100
parts by nass in terns of the solid content with respect to the total anount
of 100 parts by mass of the organic resin. (g) in the surface treatnent liquid
(B): (k) Ca ion-exchanged silica; and {id3y silicon oxide. LC aim®6] The

zi nc- based netal coated steel sheet according to - 115 - one of Clains 1
to 5, wherein the surface treatnent liquid (B) further contains a |ubr

any one of Claims 1 to 5, wherein the surface treatment

liquid (B) further contains a lubricant (m).



