1 SURFACE TREATMENT LIQUID FOR ZINC OR ZINC ALLOY COATED STEEL SHEET, ZINC OR
ZINC ALLOY-COATED STEEL SHEET, AND METHOD FOR MANUFACTURING THE SAME 5Technical
Field [0001] The present invention relates to a zinc or zinc alloy-coated steel sheet most suitable for
applications to automobiles, consumer electrical appliances, and construction materials, and particularly
to an environment-friendlyRAACar TREATIMEN D a3 ELFhZ8 CapRaiiivig AblocbrochATED the like

resulting from use lotheéq.%fE?t épﬁgw%ﬂj{ggw%@@%@ﬂf&g}gggr BCERSE e, PESSE fvention also

relates to a method for manufacturing'the steel sheet. In particular, the present invention relates to a
surface treatment liquid useful for iMprdviPlg E@iB A AdSistACELItie Tik: S#/eMitinc or zinc alloy-coated
steel sheet. Prior Art 15[0002] In the prior art, a steel sheet subjected to chromate treatment by using
treatment liquid including as main components chromic acid, dichromic acid, or salts thereof has been
widely used as & ste®¢SHée fdeldonsumer electrical appliances, a steel sheet for construction materials

and a steel sheet for[%{i@]“(?*hu dELATIRHROMRIRNS RPESHIO BT BRISINOG-Oubi st HasIRtadice and/or
red rust resistance) of a 20 surface of the zinc or zinc alloy-coated steel sheet. The chromate treatment is

a relatively simple art'BREnSR%icARHERI &P oMQMARY Se SOSRWEES HRANEFY 0BBPUBRS oA Esistance.
[0003] Such chromatgrisgatieniacercripddmivdatiges hexavalenhwnomdbolyasiacsobsiance of which
use is to be strictly colrlltrglleq Eo relvente?ollu ian. In the %5 chromate rEreflkmentU lexa alent chromium is
handled in a closed gy%Ye?ﬁair? Which Rexavalent chtomidi 98¢t fe{e?y feauced Bidd Tétievéd so that
hexavalent chramiurthésendbitaleated iofiouraty re nMeoctfactyring procassiuiha ipsedutiamnvérdionaatdoromate film
can be reduced to s iall ' nic film. Accordingly, there is
substantially no posi%%ﬁ%%ﬁé@@nﬁ%@nﬁg%%ﬁ%%&Eﬂer%gsﬁég[gdies are polluted by hexavalent
chromium. However IinPaiéap t5F ttiee reesentgiotsatien viebianh éh misprabeetiestrac ifemd yselvbrer
self-imposed restraints,a5, 3eAEASXAMAIRLFMONIL B RambBEAMEAGY B atkl 3ditifRefor protecting the
environment from pollution caused by dumped shredder dust of wastes, movement of reducing 2
hexavalent chromiurﬁrfﬁr[ﬁ‘gducts as best as possible, to possibly eliminate it, has already begun. [0004]
Given that situation, [meu2y PreRessRT £0-calieel dheemiupjiies tectmoldy wiimachiomag treatment
have been made for preventi \é\gqite ryst formation on 5 zinc or zinc a(lit .-%oated steel shekets using, for
example, an norgar EEBIBITHE 5F15fe o SRTRRTERN SPGXRIE HoR, SEP ARG AET 6F sFHompositon
containing a combin#iteobhtldmemveitizlialisel s exstarp khestifir adestinmologytiivalugedianteshnique of
forming a surface regiment fim,on,alne orAinc Allvscoated izl shepts, Yarigus.efieclive tpohniaues
have been proposedS SO far;%owever, new pr(%alems 18 be solve ,i Which have not been recognized up
to this time have bedmuedcay eieh rebistanbantinvnée tagthiesikigicbeodioresiort feoistarae)00G5] A first
object is to impigve carpsion fsisANGE AhwarkspREionsNAIE ofieinkBliRvscoalRrbatael sheets.
Surface-treated zinc or zinc alloy-coated steel sheets are made into product after working processes
(cutting, bending, or \RHMAYY SipRIANd1eNeBIcuMaRecEXtSRINAD SR/ cSAREy-badRsH 30| sheets are
bent, the coating on g gysiaseesikem&f the bent portions is stretched. That is, the bending makes the
surface treatment film being stretched. As a result, the surface treatment film is damaged to expose the
zinc or zinc-coated SIS, S EHRBEIE FAGEH IS GERELRVYELTSIRIGHAC YAUABILBAS Which is a
problem. In particulaguldendingicauses caninuoun 2 idamageroned fitmpasn@mopdingioimlike theal damage
caused by an extrusig}n Iggnrocess.tTher fore, |£ ist si@nificantlg iffi ué[ to mgke 8uch worked (ip ocessed)
portions have satisfa rc?yaé%l%%i A dRiar [6 Gg]%mséco 6l jé%tais9 %eengﬁsllsrgdi{/&ﬁcr sistance of
a surface treatment firxavaldite clvoveumorkingppitayses]widstam attacved on dhaymxelslenitten with a
25 marker on a film r i ' [ ents, n.su 3 rface
treatment film has of%tgﬁ%%ﬁn[ﬁe %f?%? t%t'r%geggj ivr\lll'?ggw %géﬁl%(ﬁ)ﬁ%@gc@gﬂ (!l‘llJJ% '[%%%Z&s?ﬁv&(%@. hen the
surface treatment filighenatesfiin, eantheiessiucenrissobstasisthneasobyinsealindrrifatiogt costeaniteel sheets
cannot be obtained, Al JRREATAGES MeAls dBELeARERY VRS HINSHIaFRIGRIAMILTIRS Bigached. 30

[0007] A third object is to ensure coating properties of a surface treatment film. A surface of surface-treat

zinc or zinc allo3Rcodtdnestaedish i PItuEd 36X aIeBE ANAR Wb ENaYS Bt eolife#%REr being

washed with an alkaljppgleanainaiciial en(ailineriescgasnalitoFeapodea ritfaees onTkersifore, topcoat
coating properties after such alkaline degreasing might be required; however, discussion about these
properties has not yGFSBEIFRb GATH AP B ABE AR SOV A R AISSH M B AR blackening
resistance. When zirfoor gatiatibralayabbjedusipel shedtizadasexiosatbtp movemenbofmedichdigh
moisture or high temperature for a long time, blacking likely occurs which blackens the coating surfaces.
Such blackening becomes prominent when the coating layer includes an element such as Mg or Al in
particular; thus, a surface treatment film on zinc or zinc alloy-coated steel sheets is required to be
excellent in blackening resistance. 10 [0009] A fifth object is to ensure sweat resistance of a surface

treatment film In addition to the above blackening, when a person directly touches a zinc or zinc



20The present invention has been completed on the basis of such findings, and the constituent features
are as follows. [0021] <1> A surface treatment liquid for a zinc or zinc alloy-coated steel sheet
compromising: (A) a resin compound having a bisphenoRskeleton represented by general formula (1)
below; (B) a cationic urethane resin emulsion having at least one 25type of cationic functional group
selected from the groexacaasistimgnatipriimgirgdocte rikbgsaru o giblep Hogrudsébtyu elietimaty anasonium base;
(C) at least one typeatf)rfe g(i}ap) cRupIing agent having at least one type of reactive functional group
selected from the group c%nsrqs ing of active hydrogen-containing amino group, epoxy group, mercapto
group, and methacryléApréupen Dipksitaatiomioanariwposkekfiteo3ditshepoumidmifpatetiadidgyient vanadyl
compound; (F) a mOlyeIale GAMARUALL KE) Ao B SRIBD RIS AI AL NR L BBIEIID g components
satisfy conditions (1) to (6) below, and pH of the surface treatment liquid is in the range of 4 to 5.
Conditions: 7 (19 A Z8Ifdohi8s dHeirenaeriige) sheess ysing fOr, SAioM9s2a BRI GENARAYYS 8dntent (Bs) of
the cationic urethaneyigsir QBHHEGN (BhviHresRRMiRinaderal Selidaass GRMAEdRAhnGEs) + ()1 of

the resin compound (A), the cationic urethane resin emulsion (B), and the silane coupling agent (C), is in
the range of 0.10 to BPEPIEENOEHIRSEMAY RIG S RIEXITRY) SUEBS)echegBonMmidHAeS & IEiIgF olid mass
content (Cs) of the sjangripgplingfagenédorenithmespaat tor thectalial slitbinasd siwatenvRidds+ (Bs) +
(C)1 of the resin Com%%é{i;d {A the c%tionig urethane resi? emulsion (B an%}he stil ne gougling agent
(C), isin the range of 0:60'to que ?\/& A5es rr%ﬁ?geﬁé%) D e,vv%f& iRVSUE &t Loidd hass content
(Cs) of the silane 10wvdiglirgagent (Bewitkkeaspect tapmasshcontaet (Bvg) rderfosrof tdarsueh standard of

the organic titanium _ IS | f 50 to 70. (4) A mass ratio f(Ec)/(D+,)1,
which is a ratio of mgi% ﬁﬁqﬁh’[{g&o&%te %ﬂ%%g%giég%gﬁo@tjﬁ%ard of the quadrivalent vanadyl
compound (E) with rE¥}98tt 1 fivsisebigstierie (DPIPYE EOFASIT tRIFRNTE SawaERs PoHensriaziie titanium
chelate compound 1g(0ihcig BytRsafaqaeePEiRkeatd B ael uréab,ANass AL ARG AAD RS shi&s) + (COIL

which is a ratio of mass content (F1,40) in terms of molybdenum standard of the molybdate compound (F)

with respect to the tét% 881l HRBEE Bt RIR YR IINGEREY CRSEESTHRE PRESIAL OMBRIERY PAR2tFR: cationic

urethane resin @)gl?(ulsmrer(mrfamttbﬁe‘ailﬁ?]@ (srsloziﬁ&iauo@gﬁiaf tedreis éne@tearr@rtgﬁtpm@@@ﬁ?% a 9.03. (621Ad
mass ratio RGF)/f(As) + (Bs) + 11, which is a ratio ass content (GF) in terms of flyorine standar
of the fluorine compééﬁ?é?@ge\%é%%s%@&pﬂf%@stﬁtg\tf%téi]ﬁmmT 'éoﬁtféﬁér(&@)m ’fjh? E&'#i‘c& the resin
compound (A), the catanienufdthdemgesietarllsion (B)latc thefsiatreacoemliignageatnégedioin the range
of 0.01 25to0 0.1. OHe%) 0I—S|eCt-h((ej- CH%rCzH CYCOquSSLkJ)I‘ {ll%gv; tng average pe%rigtger of]s %estituente groups per
benzene ring is in theé Pange 6f 8% 13 151 and " 3s an |hf3‘eger ih the range or? toog : ﬁﬁoﬁ vz Rs
RsA-(1ll) R6 5In genepaliorindte(loysedi LR 15 RRrRBTRY) parti RBrirbedingdwness wptewens a hydrogen
atom, @ C1-C10alkyl grayPofTand 14 CARPRALUP LI ARALERTSS SRS AIISH Biddision or an acid

ion. [0022] <2> The surface treatment liquid for a zinc or zinc alloy-coated steel sheet according to <1>
above, further comprSRigforedt(iAsiantiseatly Aitieyl FatipkecyeapTiad(progeyigdnaaciens Bavstio of solid
mass content (Ws) cg‘agtypaw% QAh itk resassddo the total solid mass content [(As) + (Bs)] of the resin
compound (A) and the cationic urethane resin emulsion (B), is in the range of 0.2 to 0.4. [0023] <3> A

method of manufacti?if§k ZireandiARISIdy-Cotitestalveah &stsenrh Ridsy e Je3aet HHBiying by
coating the surface treatmenblie|warkimglpravesiss <@r akiavatterrewiaaeghhanwateingigley-coated

steel sheet so that a coating amqunt after drying is. in the. rangg of 0.2 g/m2 to 1.8 g/m2 per surface; and
ket G E YR B R R e vt
180 C. [0024] <4> Asmifigcetreatnaitdilic dasexttetemingh ek tocompd sty veuitfsiceolre bieecitedDiilem on a
surface thereof at a fi oatj MQKA ' 'ﬂ Ft]ﬁ 2.4/ . - wherein the
surface treatment filﬁriqsh%b?tcggl&ag'e by Q&ﬁ%%@%egﬁr ace tr@aﬁ?n%gﬁ%q%ﬁj rgﬁﬁ&&%ﬁr ggﬂé é?\)péve to a steel
sheet surface and drigigjatee sefrfains t@ratienallguierateenstitimshiectshsatneimperablawsd thectange of 50
C to 180 C. 25Effect ghildty goiinp iB0RA:T DA BRBRARIAAARAMER leaipemation of fims having

corrosion resistance comparable with chromate films, which are further excellent in corrosion resistance

at portions bentth a IN8AGINGSHHPiARISHE 1 8NPHERARHIAMARP PRS2 SuilAshLiRadiaeah B chating

properties after alkalingde@reasihc-PLAEKRIBE /RsisiRyCOatBddIb BYMeat [RoiEangas fisiehromium-free
zinc or zinc alloy-coated steel sheets which arﬁ mor_eé)rac ical thEn con%/@ntio(gal roducts can be
Siﬁi‘% K

obtained. Best Modef PQY XM 3 iRt aHALAYBB 2 Bt i Belelbfibed in
details below. 5A steelksihieetdemnatest tolutset) tvitinfasehe base of a surface-treated steel sheet of the
present invention is a zinc or zinc alloy-coated steel sheet of which base is a cold-rolled steel sheet,
which is for consumer electrical appliances, construction materials, and components of automobiles. In
particular, in order to achieve the effect of a surface treatment liquid of the present invention, zinc or zinc
alloy-coated 10steel sheets are preferable. As the zinc or zinc alloy-coated steel sheet, an
electro-galvanized steel sheet, a galvanized steel sheet, a zinc-aluminum alloy coated steel sheet, a



R4 R5 In general formulae (1) and (Ill), 121, R2, R3, R4, and R5 independently represent a 20 hydrogen
atom, a Ci-Cio alkyl group, or a Ci-Cio hydroxyalkyl group. When the number of carbon atoms in the alkyl
group or the hydroxyalkyl group is more than 10, the resith compound (A) becomes less soluble in water
and becomes less stable in the surface treatment liquid. The resin compound (A) therefore cannot be
used in the surface tidatefient ltlgpidatSpedtifiq eptapepties aftlR1siRB, RBalR4, derpleBnmatidiet nhethyl,
25ethyl, propyl. buty), yaxyeiiv 2 oPIERN!vnd YdoRvISoBuiY e, HCISRIESGNIE,S hydroxide
ion or an acid ion. Spe%lﬁc examplés o the acig ion incl e an ace Ste |on¥a phosphate |on,yand a
formate ion. [0031] THitordsimmentgoound (A) represented by general formula (1) is a bisphenol-formalin
condensation produghope hisphrRObiRIRAlnGAndERSliRRer AP IASMSh MaRESYHE&RIZEA DY any
method. For example, it may be synthesized by the reaction of bisphenol A, formalin, and an amine in the
presence of an &kaleX-4ea[dtSTesh3hpethare MHeARL B tARIFE AN e @lsben(BislFe Fubfdbe treatment
liquid may 5 be any wrgibanferesinahpyigtitilepRERNG IkR8yobeal ot HigikahdpLErcssaiagted from
primary to tertiary amino groups and a quaternary ammonium base. The cationic urethane resin emulsion
(B) may be composed @Ehy6iBlatkelt g BergHS T UBRIhSHIEA NEnePaReLBET AASKAIES 3 may be
synthesized by any rieifipd sddheas i bicALingiieniallgirompsis Boifticeitedtinepatiieubar amdomaycbe any one

of 10 primry [0 ey A A1oURR 913 GURtoHD MG B, Or cxample, an amino group. a

methylamino group, an %'t%oﬁamlno group, a dimethylamino group, a ylamino group, a trimethylamino
group, or a trietttylanfidQ09gropifio BB CT etsinerecuplingedsgiemte( G ansarbueacatmeatrfiibmt liquid of the
present invention is ogkipiteel {A.PAS i8EcRs 1RO RERALIPARLARE HIRAA! SN o1 9ifpuPling agent

having at least one type of reactive functional group selected from an active hydrogen-containing amino
group, an epoxy groaloyaeriedstael gferisoaiainngisthlkaIsNbRYcHrRsUM 9Ab dVetbal paiikoRyshethe having

three alkoxy groups |s Jy&ieEatiymPRENLKINPIEMOTTAR RAPSFOHBINGIRARR FRARIYREat

N-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 20

3-glycidoxypropyltrird&WsBxy SYEFEY BTG RIBRE O IpREInSNIER S RERY e81 Hifestee! sheet surface.

2-(3,4-epoxycyglphexyeifyiiethaxrmitananas Brmercaaiesenytramstheseaibiune siee3dhisxamples of
the organic titanium chelate compound {5) in a surface treatment liquid of the present invention include
tanium acetyiaceto R AR I BEL PEHAAGE AURE WS QR LB Bl AES R e ety

acetoacetate. 25 Inesgaltatdalisisatchsasatitanium nitrate, titanium sulfate, titanium acetate, titanium
phosphate, and titanjygm garhenale rg nhrefarre heeaiise ey cannal . siably dissalued in &
treatment agent of the present invéntion, or cannot achieve the effed ojf improving Contosion resistance.
Note that when the dregimentitaohieviahelatéouednpealiedtischisauhristids wetedetitzndiedn iSodigstsived as a
chelate complex, 30.7hesrlotedirisrabh afaRhrRNRRISAARSHY RilldNiRgroxides which may
affect this complex should not be added. [0035] The quadrivalent vanadyl compound (E) used in a
surface treatment liquid of thdfrexhtA%eritisHdagenhat Betadinfité mnsariémrbs seelitt@x@mples of the

13 quadrivalent Van%ﬁMb@@”@&Uﬁ&](E%W&ih‘ﬂ@ V@B@%‘i@él@&% Vﬁn@éiy|aﬂicl§l|l%fiﬂere¥|ﬁﬂaﬂid phosphate,
vanadyl oxalate, and vanadyl acetylacetonate. Pentavalent vanadium compounds are not used in the

present invention bet/SKERXYSLINS O HRANARL R PEBIHILSH A EBIAbIy easily dissolve out of a film,
which results in 5 ursatigfagrossimpareie gt des Corsogies-tesisiancmefn @ guadrival@niavanadyl
compound used in a surface treatment liquid qf the pr seﬂt inventiqn, a vanap | compoun nerating
V02+ (vanadyl) s SIS BTSSR 8 © 16l 0o R A Wiase of s Bl st rede ance. [oozel
The kind of the molybytateymmype wachiB) nasextirataysurfacddrelitidét/liGaidditdastsrenmtbseé of invention is
not either limited in I Cifl exam E)i bdic acid,
ammonium molybdaqgﬁg%gldlﬁﬁﬁﬂ%% C(rjatle, pgétzgsgh{r%grln%%%@&&ﬁrﬁ%g}r?&ﬁ%ﬂ%@g%%@Hg%%/ zinc
molybdate. Other exafﬁpﬂ)é@ww;w’éﬂ@N@ﬁ_tﬂ@d?@@h@d@ﬂaﬁbp%fﬁihlﬁ)murm?fhosphomolybdate,_ and sodium
phosphomolybdate. 1 PiESAALIBYSAOMRIJSASHOREHRIIPAUKI S§GtRRL Hiamediosgeis preferably

used. [0037] A feature of the present invention is to add a fluorine compound (G) into the surface
treatment liquid®8s a*eBRIPBIehIEIRHRSVIRY BwwebeiFaLdifitacanLiaTENRARKIYG S e M FSFRAR compound
(G) is not limited in patiRHRAsSPecific examples of the fluorine compound (G) include acids such as
hydrofluoric acid, 20@@/ ro)fluorosilicic acid, (hydro)fluoroboric acid %\ dro)fluorotitanic acid, and
(hycroyforoircorcl Sl aHEVSEIES of e, 1 e AR MEROAED At S B T solected
from those is preferabiyansegsd0F238pin @susiacetisatoramtitt wih ofthecptasentddilention, a solid mass
ratio [(3,)/[(As) + (Bs) + (Cs)1], which is a ratio of solid mass content (Bs) of the cationic 25 urethane
resin emulsion (B) with respect to the total solid mass content [(As) + (Bs) + (Cs)] of the resin compound
(A), the cationic urethane resin emulsion (B), and the silane coupling agent (C), is necessarily in the
range of 0.10 to 0.30. When the mass ratio is less than 0.10, the proportion of the urethane resin is too
low, so that the corrosion resistance and heat resistance of portions processed by bending, and 30



25 are not limited thereto. Moreover, wettability improvers containing acetylene are preferable because
they also have defoaming effect. A nitrate such as nickel nitrate or ammonium nitrate may be added
further to the surface treatment liquid of the present inveftion in order to improve blackening resistance.
As described above, nitric acid causes pH shock; however, a nitrate does not cause pH shock. 30 [0053]
Next, a method of mppeafgctasngatheoatetinpteciBizooD\enBiote distoséthetedhoimis wifdomtirgatment liquid
and the resultant coategl steel sh il be described. When a surface treatment film is formed on a
coated steel sheet, v?/wifat Ye Ersegtﬁ%iﬁ#%ect?gz 'rng t I?&uié’ rgfiﬂ'ﬁéej prreélsnenf'i ?r?ve%tiéhl,ot géb%&( ace
treatment liquid is 16reypliectatnitie cwapednstebbwviawert, sutffishers themodidadragisianattitrarosheet
temperature of 50 Cat&peggdgftgmkaﬂggggg%gg“&ent film formed at a coating amount in the range of 0.2
g/m2 to 1.8 g/m2 per surface needs be forimed on the steel sheet surface. On this occasion, when the
coating amount &f the suffatd tredaffefiripaepar ErhijpaofidRasiagnameta gheep sstfafGientitdrrosion

resistance cannot er@QFﬁéﬂ?Qgé@ﬂiﬁhﬁr@éh% %Gébdé"@@lﬂtmﬁ* m&ﬂm%@%&@m@&h%%@ g/m2, the
effect of the coating amount is saturated, which not only is economically disadvantageous but also

degrades coating propihiS! s uBlad reHoatthg b IR lsantshigwedels B GHXRIRBYh2, more
preferably in the rangssioy foahghard polihegdnvhiandaiitl vaose dapreiewiy (Esidtagioe2tdrgt m2. [0054]
As a method of applying a surface treatment liguid of the present invention to a coated steel sheet, any
conventonally knowh TEEL SR BB Ebd e S EE L B TR S AL ez
coaters, die coaters,nettalcéire becosizdy pdtet atieeapplicationodippimygor spraying by the use of a squeeze
coater or the like, 15 the cgat e d - : Ifi nd its film
thickness may be unified bﬁgeagr?%ﬁ?ﬁpe@n% oadctgérﬁaﬁ'?rtlbl ééﬁ%@f@;%@ﬁ?&!ﬁ%@@]%ﬁ% t ‘i coated
steel sheet is thus c@atedfiapisicsrlotopy ebaths) withdhecsntiénse treatmentliiiRvplemainegent
invention, it is dried ypdgrdieat WIlIoULRGIDG: IBREEHIGH wiatsr- &Ry ISRINGskyarar B&ﬁ&#ﬁﬁ?'e are
driers, hot air furnaces, 20 high-frequency induction heating furnaces, IR furnaces, etc. The surface
treatment liquid is drﬁQHOéYrHﬁr’uﬁ|H?§té’%rHé)%§vté‘ﬂfﬂ)earaiﬁ%eirFﬂH8|%@é%‘f 5 eetiigprerddiSscribed
above. If the ultimate\shert teraREMM etiktaveoian &Rresidnuediswateonild proadssia et and the
corrosion resistance of the film will be low. On the other hand, if the temperature is higher than 180 C, itis
uneconomical and, iﬁreé?ta‘?mﬁﬂfh, the film will be hard and brittle, and the corrosion resistance at the
processed portion of the fin35v3Bde tiswldeeSdeh Surtadadhthe tibateohsimdhgheatedfatirebpsesent
invention having a syrfqce, Ygaimept fim ormed by the ahows metiod.may be fyther soajed,with a resin
film to achieve further%lgher COITOSIon resistance. 30Note that & surrace treatment fm formed using the
surface treatment ligedadt throionst hovedvtontheastdse stpsetiedreo dsislgsed ferseldeivedepasivivnsurfaces of
a coated steel sheet, [00%7] Netheeflprisaf ispirsent inveationimllbe flesgribesyf hggamponents in
19 a surface treatment liquid of the present invention are assumed to have effects mentioned below;
however, the presentBXRARIESAEIE O HSREBIRPIRIE ASSRAMPRIBIPMSTEEY respect. The surface treatment

liquid of the present jpyesytion i9HBRIHM SPMREREEL Of AuF{QSIRERMAPURMI I aaaERNIC ikgihane resin
emulsion (B), and a silane coupling agent (C), and the framework of a film is formed of these main

components. [0058] 848! B3 A AUEL BRELEHB A SIRGTERERKYARE A RADIMEER) having a
cationic functional gnaepd@edietabdtmobafid) akdlihegingBasingiepivadidstecsii/be vsisishcaadic, to
increase the stazbility oéthe ) rfa}ﬁe treatment liquid; 10 thus, satisfactory storage stability is ensured.
Further, the resti coMtpEUNY ,&5 i§'cationized to be less soluble in alkaline solutions, so that a film having
alkali resistance can be obi&ir28d3 iy dsdbisgrheredhsigetentddrexng pHenolskegletdraditne resin
compound (A); thus, fi : S oll. i r vent resist is imparted), and
the adhesion and co{F1 o@?o%@i%%@eaﬁ%ﬁiﬁ%%%%ﬁ%%&?%%@é@% ’tﬁgarggs%%ﬁ:%qnﬁ]gno%%@ (A) is easily
become yellowish dertaimppPAEI@USHIENVEY $e HIE\RMERRIPYPeiSISTEA Gk haridoee siasl Pasipes asakd film.
Accordingly, a catiorgﬁouwhane resin emulsion (B) is used for the present invention to reduce hardness
of a phenol resin, thereby ensuring corrosion resistance at processed 20portions. [0060] The cationic

urethane resin éulsion (BY 023 oalelfettOfrR@iAd disrskea BeRiwaSiyfeEm Y éifilBting peeled
off) due to ? pc;]Iar SQ!‘s!fh@tamééi?Weral@éﬁt %ﬁt?wﬂﬁ%ewiﬁmﬁféﬂb%é@lg@%iw @@ﬁu&a?pérfs‘i@i@@t ?gl)v_ent
resistance (with respect to a polar solvent) and yellowing resistance, the silane couplin ent is
kot 28 The Stand e Ko HPEEK Eorhr s S P FeFHents TR SRS & Hitefa
(zinc-coating layer) ghasphatoainoeatidgaikia becpusedehiennginad sl Kioxyigratomisimygdeohoten g generate
an active silanol group (Si-OH). Further, the silane coupling agent (C) is partially condensed by
dehydration to generate siloxane bonds (Si-O-Si), and the siloxane bonds are bound to be polymerized
(into polysiloxane: 30 -Si-O-Si-O-Si-). This provides an exceedingly stable structure, which allows a film

to have corrosion resistance, solvent resistance, and yellowing resistance. [0061] Accordingly, a resin
compound (A), a cationic urethane resin emulsion (B), and a silane coupling agent (C) which are main



[0072] (2) Corrosion resistance at bent portions Each sample was bent at 180 so as to sandwich a pole
having a diameter of 2 mm 24 (made of stainless steel) in between, and clamped with a vise. The bent
samples were subjected to a salt spray test (JIS-Z-23712000), and evaluated with respect to the ratio of
area where white rust was generated on the outer side (surface) of the bent portion after 72 hours. The
evaluation criteria wénsvagefoboms. shévtag e alisliaresistaito ddaties beomh Fortiomrev/rgBeordéiute rust area
ratio at the bent portign; less than 5 % B: White rust areg.ratig at the bent portion: 5.% ar more, less than
1096 -+ White rust Arom its e i Prsbeie A A AR E AR P B e ve
ratio at the bent portiowra0rgpoormsire deistanhaat 8@ psorened/vbitionsgndhselveatiosistthecbent portion: 80 %
or more [0073] (3) Cpsesionsoxsiansaaltaralkalne depieas Ak AR RAFEARGKGr N304S
(Nihon Parkerizing Co., Ltd.) was dissolved in purified water at a concentration of 20 g/L and heated to 60
C. Each sample tvasieAtmersageir aeataiianfeseetififore sy PhiAvREs? iRafl witComBad tithdvater, and 15
dried. Each sample watsURifsieRbiRedepadimiraikdf Telitionde 43 Adr 2AGYn Viags padHAtRp ¥ respect to

the white rust area ratio after 72 hours. The evaluation criteria were as in the evaluation shown in (1)
above. [0074] (4) B \' a eft to stan

b [ ] (4) BIZEREANGG FH&IAkRHBeERAKEENGr fdIof-RiLainedy SHIEPLREPRIERR LHETSRNGYAS lef d
still in a 20 thermohygiastaigrundbiciedhegatimiasikeneve ast teatradleebat a temperature of 80 C and a
relative humidity of 95 % for rs,was calculated. by (AL = L value after test - L value bgfore test). The
evaluation criteria were ajssfoﬁzﬁgé#quHéSﬁO% ud vl\?gﬁnHe%sAﬁgarﬂqs'ﬂgg a;ﬁ@o&’éajrﬁg%u%aeétuorﬁé by NIPPON
DENS HOKU INDU $idReES ¢ @yeri T¢oniatimg re SEHEi {Ep essiriaccrapnpoh en catibimd edtmodessid A: -6 AL B:
-10 AL <-6 C: -14 AL <~ cAL. <-14 A |]| tdi i i ach e was

fi 1iFr %

heated in an infrare ﬁ¥1a_ (5 fu%ggé%at[g?%s?hgeéf t)%téwﬁ érgtﬁglrgegg@ é ﬁor ?@gegﬁwﬁs,gmrg%g‘%\ed for 30
seconds, and then nbgHIRaLEHME, in it RYTROHN e sk Bt Ad TRERUHRECE Sppeiarandnse samples at

this time was visuallyphsafveeh Hi’@t%f%ﬁg% RINENRNEIEIRS SRR redRtAhcN At R piRneClor B:
Slightly brownish C: Tint brown D: Brown 5[0076] (6) Coating properties Each sample was painted with

DELICON (registerefF ez Pe OB AIAAYS DIOIRTIOP CRRISTROE VIO KA (RsiEAsDEs a

melamine alkydpaindohadies asslsighée far Iemirsssedhpsreomiedntitbofenatisgsfimeharngoa film
thickness of 30 um, then immersed in boiljng water for two hours, and immediately cut to the steel base
10 into grids (10 x 1 'B‘fgﬁség,ti Wi éﬂ%u rftﬂé‘i‘?”@ﬁ%}? 8.%?&% $ 5 mm extruded by an Erichsen
extruder so that the §a1IQrtien 40a80an thisotustar sidecksitiacendivinyan autfesiviectapenivageattached to
the sample and it was ﬁ?am?nveg ‘gag?eﬁles ree%qcevﬁrtgr%%%g dorf gpnesg%@graqrfilchEe e&val at(i)%por(]:{réteria were
as follows. Note that the EriChsen extrusion conditions con orming to N2 B3375006 Were s follows:
15 punch diameter: 2¢ethane dieittiarepenifiz Tesimecemebwidila ofefehedmyol2d metudingle preasiiiiy B+:
Peeling area: legs thap3 % BuRRPIINGARR dhib-elneraimasstiandd % BsidReeling g o % or more,
less than 20% 20 C: Peeling area: 20 % or more, less than 50 % D: Peeling area: 50 % or more [0077] (7)
Coating properties aﬁ@ﬁ%iﬁ@@%@r@ﬁgiP@VerEé%f’ris?é‘ﬁ‘Ppil%r\ﬁhgi%i&ﬁfé@téﬂg@ﬁwaﬂm&ﬁé@'?@é%ing similar
to (3) above, and wagsHR8piaAdPsarfeRtNg. property test similar to (6) above. The evaluation criteria
were 25also the same as (6) above. [0078] 8(8) Solvent resjstance Gauze ir%pre nated with methanol was
impressed on a surfAt&'8t e cﬁ%‘ R A58 BETHERI(EHEN? SRR Y AR 3% atch the
sample back and fortarteinfigesiohidemtaintainiagdhie phacklTHasea pelicanvearisaeraiviayalty observed for
30evaluation. Tzhse evaluation, criteria. were as. O||OV\{S AE: N?.mark B+: Nog"nark seen I@cs)m above, slight
mark seen oblidiely B e LR SRR GRS RE B SHEAR ML LUGRSBRYTYR): BB USHS R mark seen
from above C: Obviawuhaockeseesistameatyol eddtitherijperispbal erdicanadeoffie [0 7 ah¢OhSmrage
stability 5 Each surf | Iqu| ; wn in Tables 10 was stored in a thermostatic chamber
maintained at 40 C %ﬁ%%&gg;@sﬁ E,]A t%g(ryta ﬁ%g%%té@r)hple out of the chamber, the appearance of each
surface treatment liquid sample was examined by visual observation for evaluation. The evaluation
criteria were as folloyg, sV FaOIR diBn Slight precipitation observed C: Small amount of precipitation
observed, or viscosity increased to some extent D: Large amount or precipitation observed, or gelation
observed [008010(10)31§W§5Fr@§§%\‘,® Py WRINYEHHGRcial sweat in conformance with JIS B7001-1995

was dripped on a 15[gp1tacerpé pasbrsampheanE aisiteansolvipgansForRaiemashiareas emithaiportion
applied with the artificial sweas{t H&o form a_certﬁin areﬁ6 of a rera;ﬁn con minsted.with the artificial sweat.

This test piece was IBfEt SN HIFHOTHBSHSH FRG AR '9fnR8LIHBIAFRS 8bAYGIled at a
temperature of 40 C alog-aoddtistechisherdiynofvBRIR/af6iird bresitenfiercthedsichasgsdanctheaapmearance of
the region 20contaminated with the artificial sweat was evaluated. The evaluation criteria were as follows.
A: No change B: Slight discoloration C: Blackened to a small extent 25 D: Apparently blackened [0081]
(11) Lubricity A disk-shaped test piece having a diameter of 100 mm was cut out of each sample and was
molded into a cup shape under the following conditions: punch diameter: 50 mm, die diameter: 51.91 mm,
and blank holding force: 1 ton. The appearance of the 30 surface of the molded product, which had been
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degreasing, solvent resistance, coating properties after alkaline degreasing, and
blackening resistance, and even excellent in sweat resistance. The present invention

5 is also aimed at providing a zinc or zinc alloy-coated steel sheet using this surface
treatment liquid and a method for manufacturing such zinc or zinc alloy-coated steel
sheet.

Means for Solving the Problem
[0020] In order to advantageously solve the aforementioned various problems, the
10  inventors have made intensive studies.

As a result, they newly found that a film naturally excellent in corrosion
resistance and also excellent in solvent resistance, coating properties, blackening
resistance, and sweat resistance can be formed using a surface treatment liquid
containing a specific resin compound, a specific cationic urethane resin emulsion, a

15  silane coupling agent having a specific functional group, a specific organic Ti chelate
compound, a quadrivalent vanadyl compound, a molybdate compound, and even a
fluorine compound at certain proportions to treat a surface of a zinc or zinc
alloy-coated steel sheet, and the characteristics of the film do not change even after
being stored.

20 The present invention has been completed on the basis of such findings, and
the constituent features are as follows.

[0021] <1> A surface treatment liquid for a zinc or zinc alloy-coated steel sheet
compromising: (A) a resin compound having a bisphenol skeleton represented by
general formula (1) below; (B) a cationic urethane resin emulsion having at least one

25  type of cationic functional group selected from the group consisting of primary to
tertiary amino groups and a quaternary ammonium base; (C) at least one type of
silane coupling agent having at least one type of reactive functional group selected
from the group consisting of active hydrogen-containing amino group, epoxy group,
mercapto group, and methacryloxy group; (D) an organic titanium chelate

30 compound; (E) a quadrivalent vanadyl compound; (F) a molybdate compound; (G) a
fluorine compound; and (H) water, wherein the components satisfy conditions (1) to
(6) below, and pH of the surface treatment liquid is in the range of 4 to 5.

Conditions:



5 All Ethyl Methyl Hydrogen Hydrogen Propyl Hydrogen 07 3 Al2 Ethyl Propyl Methyl Hydrogen Ethyl
Methyl 04 10 A13 Hydroxyethyl Hydroxyethyl Hydrogen Hydroxyethyl Hydroxyethyl Hydrogen 05 5 AM
-CoHy) Methyl Hydrogen Hydrogen Hydrogen Hydrogen®©5 5 A15 -C H-OH Methyl Hydrogen Hydrogen
Hydrogen Hydrogen 05 5 Al 6 Hydroxyethyl Hydroxyethyl Hydrogen Hydroxyethyl Hydroxyethyl Hydrogen

0 1 5 A17 Hydroxyet{lylAkudiomsthytibiy@pgen ) Hydoxy@hy Mydeniyetayiblysobigemnss2 5 Al 8
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by general formula (l[) was'used as t group ethane com ound B No.
Urethane compoundngess lemitsity {aag of éBurdCB 1 A DE Kot BONPIGH TARtHUEXHETI0 CetlieneADEKA

CORPORATION BZM&BE%@Q&%@%Q&&%‘E%&;@ S AR i@ ot d 1 £% BERMARIN

UC-20 Cation Sanyo Chemical Industries, Ltd. B4 A IGHTER UX-206 Nonion ADEKA
CORPORATION B5 (R)YpRANM&Ss. ladioAfGor{(As) + (Bs) + (Cs)}], which is a ratio of solid mass

content (Cs) of the silane coupling agent (C) with respect to the total solid mass
content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic urethane resin
emulsion (B), and the silane coupling agent (C), is in the range of 0.60 to 0.85.
(3) A mass ratio {(Cs)/(Di)}, which is a ratio of solid mass content (C;) of the silane
10  coupling agent (C) with respect to mass content (D;) in terms of titanium standard of
the organic titanium chelate compound (D), is in the range of 50 to 70.
(4) A mass ratio {(Ev)/(Dri)}, which is a ratio of mass content (Ey) in terms of
vanadium standard of the quadrivalent vanadyl compound (E) with respect to mass
content (D) in terms of titanium standard of the organic titanium chelate compound
15 (D), is in the range of 0.30 to 0.50.
(5) A mass ratio [(Fmo)/{(As) + (Bs) + (Cs)}], which is a ratio of mass content (Fyo)
in terms of molybdenum standard of the molybdate compound (F) with respect to the
total solid mass content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic
urethane resin emulsion (B), and the silane coupling agent (C), is in the range of
20  0.003to 0.03.
(6) A mass ratio [(Gr)/{(As) + (Bs) + (Cs)}], which is a ratio of mass content (Gg) in
terms of fluorine standard of the fluorine compound (G) with respect to the total
solid mass content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic
urethane resin emulsion (B), and the silane coupling agent (C), is in the range of 0.01
25 100.1

H3C”‘C—CH3
| =
y
Y,
OH n

CH,

In general formula (1), Y1 and Y respectively bonded to benzene rings independently

represent a hydrogen atom or a Z group represented by general formula (I1) or (I11)



DIC Corporation 29 [0085] [Table 3] [Table 3] Silane coupling agent (C) No. Silane coupling agent (C) CI
3-Mercaptopropyltrimethoxysilane C2 N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane C3
3-Glycidoxypropyltrimethoxysilane C4 3-Methacryloxyprdpyltrimethoxysilane C5 Vinvitrimethoxysilane
[0086] [Table 4] [Table 4] Titanium compound (D) No. Titanium compound (D) D1 Titanium
acetylacetonate (Ti: iddwmbesstélabniiitdieiohstdbimert Yl geaipnpée Hehzeh .Bny assdhk RBIgEIEium nitrate
(Ti: 16.2 mass%) D4 rafluorotitanic acid (Tl: 29.2 mass%) [0087] [Table 5] [Table 5] Vanadium
compound (E) No. V%rjlgéé%g’l acnc()]rmré)oﬁr?(q 'Fé? Wa%n%&aﬁggx%jlgtgg aé} 32.9 mass%) E2 Vanadyl

acetylacetonate (V: 19.2 mass%) ExVanadyl sulfate (V: 31.2 mass%) E4 Ammonium metavanadate (V:

43.5 mass%) 30 [OOS&%Q@M[TabIe 6] Molybdate (q(?mpound (F) No. Molybdate compound (F) Fl
Na2Mo04H20 F2 (NH4)6Mo70 ZDAIR!ZO F3 (NH4)3[PM012040].3H20 [0089] [Table 7] [Table 7] Fluorine
compound (G) No. Fluorine compoun2d (G) G1 Hydrofluoric acid G2 (Hydro)fluorosilicic acid G3
(Hydro)fluorotitanic acid G4 AmmolQium hydrogen fluoride G5 Sodium fluoride 31 [0090] [Table 8] Table
8 Wax (W) emulsion No. Wax type (W) Melting point (t) Dispersed solid (mass%) Particle diameter (gm)
W1 Oxidized ponethyTe'ﬁgiW“é&?F\IéR‘QO 0.2 W2 Micro l%}éﬁalline wax 90

5

5 Ingeneral formula (I1) or (1), Ry, Rz, Rs, R4, and Rs independently represent a
hydrogen atom, a C1-Cjg alkyl group, or a C1-Cyo hydroxyalkyl group; and A~
represents a hydroxide ion or an acid ion.

[0022] <2> The surface treatment liquid for a zinc or zinc alloy-coated steel sheet
according to <1> above, further comprising wax (W), wherein a mass ratio
10 [(Wo{(As) + (Bs)}], which is a ratio of solid mass content (Ws) of the wax (W) with
respect to the total solid mass content {(As) + (Bs)} of the resin compound (A) and
the cationic urethane resin emulsion (B), is in the range of 0.2 to 0.4.
[0023] <3> A method of manufacturing a zinc or zinc alloy-coated steel sheet,
comprising the steps of: applying by coating the surface treatment liquid of <1> or
15  <2> above to a surface of a zinc or zinc alloy-coated steel sheet so that a coating
amount after drying is in the range of 0.2 g/m? to 1.8 g/m? per surface; and drying the
zinc or zinc alloy-coated steel sheet at an ultimate sheet temperature in the range of
50 °C to 180 °C.
[0024] <4> A zinc or zinc alloy-coated steel sheet, comprising surface treatment
20  film on a surface thereof at a film coating amount per surface is in the range of 0.2
g/m? to 1.8 g/m?, wherein the surface treatment film is obtainable by applying the
surface treatment liquid of <1> or <2> above to a steel sheet surface and drying the
surface treatment liquid at an ultimate sheet temperature in the range of 50 °C to 180
°C.
25  Effect of the Invention
[0025] The present invention enables the formation of films having corrosion
resistance comparable with chromate films, which are further excellent in corrosion
resistance at portions bent in a bending step inserted in a manufacturing process,

solvent resistance, coating properties after alkaline degreasing, blackening resistance,



20 0.1 W3 Paraffin wax 50 20 0.1 The waxes are forcibly emulsified with an emulsifier. [0091] [Table 9]
Table 91 Zinc-coated steel sheet No. Material sheet (coated steel sheet) Coating amount GF1 Hot-dip Zn
- 5.0 mass% Al - 0.6 mass% Mg - 0.04 mass% Ni alloy cdated steel sheet 90 g/m2 GF2 Hot-dip Zn - 4.5
mass% Al - 0.8 mass% Mg - 0.03 mass% Ni alloy coated steel sheet 60 g/m2 GF3 Hot-dip Zn -5.1
mass% Al -0.9 massidMgett. 06sistass0 THus| oy coated seeirgheetz8(¢ gling-¢skiddHsatadiphéets 5.0 mass%

Al - 0.5 mass% Mg allpy,coated steel sheet 90 g/m2 GF3 Hot-dip Zn : 5.1 .mass% Al alloy coated steel
Chect 00 s Tre MEKEERRGE BRACA thantdiTiadend HIBHICR G be R O e2] Table
10-11 V) Solid masBasb Med HI0SH®INGI oL HEdmEnden0 101 00 00 101 0000 10100 1010010100000

0 Table 8 (U E A BlehPhSRAA T 5h1Phehelcrloh Gbahiehefeh of f of cf of cf of cf of cf of cf

cf cf cf cf cf cf
5 A steel sheet (material sheet) which is the base of a surface-treated steel

sheet of the present invention is a zinc or zinc alloy-coated steel sheet of which base
is a cold-rolled steel sheet, which is for consumer electrical appliances, construction
materials, and components of automobiles. In particular, in order to achieve the
effect of a surface treatment liquid of the present invention, zinc or zinc alloy-coated
10  steel sheets are preferable.
As the zinc or zinc alloy-coated steel sheet, an electro-galvanized steel sheet,
a galvanized steel sheet, a zinc-aluminum alloy coated steel sheet, a zinc-iron alloy
coated steel sheet, a zinc-magnesium coated steel sheet, a zinc-aluminum-magnesium
alloy coated steel sheet, or the like can be used. Note that the present invention can
15  also be applied to aluminum-based materials such as an aluminum-coated steel sheet,
an aluminum-Si alloy coated steel sheet, and an aluminum sheet, but preferably
applied to a zinc or zinc alloy-coated steel sheet.
[0027] With respect to the zinc or zinc alloy-coated steel sheet, for the purpose of
improving blackening resistance of the zinc or zinc alloy-coated steel sheet, Ni or Co
20 may be slightly added to the coating or alternatively an acidic or alkaline aqueous
solution containing Ni, Co or Fe may be used to precipitate these metals on a surface
of the zinc or zinc alloy-coated steel sheet.
[0028] Next, a surface treatment liquid of the present invention will be described.
A surface treatment liquid of the present invention contains (A) a resin
25  compound represented by general formula (1) below; (B) a cationic urethane resin
emulsion; (C) at least one type of silane coupling agent having at least one type of
reactive functional group selected from the group consisting of active
hydrogen-containing amino group, epoxy group, mercapto group, and methacryloxy
group; (D) an organic titanium chelate compound; (E) a quadrivalent vanadyl
30 compound; (F) a molybdate compound; (G) a fluorine compound; and (H) water.
Here, a solid mass ratio [(Bs)/{(As) + (Bs) + (Cs)}], which is a ratio of solid
mass content (Bs) of the cationic urethane resin emulsion (B) with respect to the total

solid mass content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic



Table 7 G4t04040t0404040401t01404040401to1404040401t0140401to140401to 14040
40 40 40 40 F) Equivalent Mo Mass% 0.6 9'0 90 90 9'0 90 90 90 90 1s.090 90 90 90 Is.0 90 90 90
90 1s.0 90 90 1s.090 901s.090 90 90 90 .0 C.0 Tabfke 6 F2 Zd Zd Zd Zd zd Zd zd Zd 10dI Zd zd zd
Zd 10dl Zd Zd Zd Zd 10dl Zd zd 10d! Zd Zd 10dl Zd zd Zd zd zd zd

urethane resin emulsion (B), and the silane coupling agent (C), is in the range of 0.10

to 0.30.
A solid mass ratio [(Cs)/{(As) + (Bs) + (Cs)}], which is a ratio of solid mass
content (C;) of the silane coupling agent (C) with respect to the total solid mass
5 content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic urethane resin
emulsion (B), and the silane coupling agent (C), is in the range of 0.60 to 0.85.
A mass ratio {(Cs)/(Di)}, which is a ratio of solid mass content (Cs) of the silane
coupling agent (C) with respect to mass content (D;) in terms of titanium standard of
the organic titanium chelate compound (D), is in the range of 50 to 70.
10 A mass ratio {(Ev)/(D+i)}, which is a ratio of mass content (Ey) in terms of vanadium
standard of the quadrivalent vanadyl compound (E) with respect to mass content
(D) in terms of titanium standard of the organic titanium chelate compound (D), is
in the range of 0.30 to 0.50.
A mass ratio [(Fmo)/{(As) + (Bs) + (Cs)}], which is a ratio of mass content (Fyo) in
15  terms of molybdenum standard of the molybdate compound (F) with respect to the
total solid mass content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic
urethane resin emulsion (B), and the silane coupling agent (C), is in the range of
0.003 to 0.03.
A mass ratio [(Gp)/{(As) + (Bs) + (Cs)}], which is a ratio of mass content (Gg) in
20 terms of fluorine standard of the fluorine compound (G) with respect to the total
solid mass content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic
urethane resin emulsion (B), and the silane coupling agent (C), is in the range of 0.01
to 0.1.
Further the surface treatment liquid characteristically has a pH in the range
25 of4to5.

HgC”C_CHa < I )
7N
S
Y,
OH n

H,

In general formula (1), Y1 and Y respectively bonded to benzene rings

independently represent a hydrogen atom or a Z group represented by general
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formula (I1) or (I11) below; the average number of substituent Z groups per benzene
ring is in the range of 0.2 to 1.0; and "n" is an integer in the range of 2 to 50.

[0029] Here, the average number of substituent Z groups is calculated by dividing
the total number of Z groups by the total number of benzene rings (that is, 2n). In the
present invention, when Y1 and Y2 are Z groups, the resin compound (A) has a
cationic functional group of primary to tertiary amino groups and a quaternary
ammonium base; thus, the resin compound can be stably dissolved in a surface
treatment liquid having an acidity (pH: 4 to 5) targeted by the present invention.
Further, in the present invention, the average degree of polymerization "n" is set at 2
to 50.

When "n" is less than 2, the effect of imparting corrosion resistance is in
sufficient. Meanwhile, when "n" is more than 50, the resin compound (A) becomes
less soluble in water and becomes increasingly viscous, which makes the resin
compound (A) become less stable in the surface treatment liquid, and the storage

stability of the surface treatment liquid becomes insufficient.

[0030]
R,
~
—CHy-N{_ (1)
R,
R
+ / > -
—CH,-N—R, A (I11)
\R
1

In general formulae (1) and (I11), R1, Rz, R3, R4, and Rs independently represent a
hydrogen atom, a C;-Cyo alkyl group, or a C;-Cyo hydroxyalkyl group. When the
number of carbon atoms in the alkyl group or the hydroxyalkyl group is more than 10,
the resin compound (A) becomes less soluble in water and becomes less stable in the
surface treatment liquid. The resin compound (A) therefore cannot be used in the
surface treatment liquid. Specific examples of Ry, Rz, R3, R4, and Rs include methyl,
ethyl, propyl, butyl, hydroxyethyl, 2-hydroxypropyl, and hydroxyisobutyl.

"A™" represents a hydroxide ion or an acid ion. Specific examples of the acid
ion include an acetate ion, a phosphate ion, and a formate ion.
[0031] The resin compound (A) represented by general formula (I) is a

bisphenol-formalin condensation product. The bisphenol-formalin condensation

tE 92.01Isagl 2.1 0 Sl: I. 880

(D



I[al La 2(3 La 1:01=1,(3:LallalLa LallalLa Lallala LalLa Lalala Mass% 60 os 09 09 las SS
9909 09 0s99 090299109109 09 St 09 Izgl 2L 891091 09 091091 09 09 09 09 09 09 (C) Type
Table 3 C1 101 10 10 1.01 10 10 10 10 11-01 10 10 141=SB20 10 Izol SO 20 55 11-01 10 10 11-01 10 10
11-01 10 10 101055 91. %aeon ocols[z692 EZ91.91. Ig[l Otig[l 91.91. 61. 61. 161-1 01 Ig[l 91
91. Ig[l 91 91. 91 91 pAiH&t fkay be synthesized by any method. For example, it may be synthesized by

the reaction of bisphenol A, formalin, and an amine in the presence of an alkaline
catalyst.
[0032] The cationic urethane resin emulsion (B) in the surface treatment liquid may
5 Dbe any urethane resin having at least one type of cationic functional group selected
from primary to tertiary amino groups and a quaternary ammonium base. The
cationic urethane resin emulsion (B) may be composed of any polyol, that is, a
monomer component, and any isocyanate, and may be synthesized by any method.
The cationic functional group is not limited in particular and may be any one of
10  primary to tertiary amino groups or a quaternary ammonium base, for example, an
amino group, a methylamino group, an ethylamino group, a dimethylamino group, a
diethylamino group, a trimethylamino group, or a triethylamino group.
[0033] The silane coupling agent (C) in a surface treatment liquid of the present
invention is not limited in particular, as long as being at least one type of silane
15  coupling agent having at least one type of reactive functional group selected from an
active hydrogen-containing amino group, an epoxy group, a mercapto group, and a
methacryloxy group. Above all, trialkoxysilane having three alkoxy groups is
preferable. Specific examples of the silane coupling agent (C) include
N-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
20  3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltriethoxysilane, and 3-mercaptopropyltrimethoxysilane.
[0034] Examples of the organic titanium chelate compound (D) in a surface
treatment liquid of the present invention include titanium acetylacetonate, titanium
octyleneglycolate, titanium tetraacetylacetonate, and titanium ethyl acetoacetate.
25  Inorganic salts such as titanium nitrate, titanium sulfate, titanium acetate, titanium
phosphate, and titanium carbonate are not preferred because they cannot be stably
dissolved in a treatment agent of the present invention, or cannot achieve the effect
of improving corrosion resistance. Note that when the organic titanium chelate
compound is dissolved in water, titanium is dissolved as a chelate complex.
30 Therefore preferably, a highly-polar water-soluble solvent or peroxides which may
affect this complex should not be added.
[0035] The quadrivalent vanadyl compound (E) used in a surface treatment liquid

of the present invention is not either limited in particular. Specific examples of the
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5 unsatisfactory improvement in corrosion resistance. As a quadrivalent vanadyl
compound used in a surface treatment liquid of the present invention, a vanadyl
compound generating VO (vanadyl) ions are best preferable because of a high
effect of improving corrosion resistance.
[0036] The kind of the molybdate compound (F) used in a surface treatment liquid

10  of the present invention is not either limited in particular. Specific examples of the
molybdate compound (F) include molybdic acid, ammonium molybdate, sodium
molybdate, potassium molybdate, magnesium molybdate, and zinc molybdate. Other
examples include phosphorus molybdate, ammonium phosphomolybdate, and
sodium phosphomolybdate. In the present invention, at least one compound selected

15  from those is preferably used.
[0037] A feature of the present invention is to add a fluorine compound (G) into the
surface treatment liquid as a component for improving sweat resistance. Here, the
kind of the fluorine compound (G) is not limited in particular. Specific examples of
the fluorine compound (G) include acids such as hydrofluoric acid,

20  (hydro)fluorosilicic acid, (hydro)fluoroboric acid, (hydro)fluorotitanic acid, and
(hydro)fluorozirconic acid, and salts of them. In the present invention, at least one
compound selected from those is preferably used.
[0038] In a surface treatment liquid of the present invention, a solid mass ratio
[(Bo)/{(As) + (Bs) + (Cs)}, which is a ratio of solid mass content (Bs) of the cationic

25  urethane resin emulsion (B) with respect to the total solid mass content {(As) + (Bs) +
(Cs)} of the resin compound (A), the cationic urethane resin emulsion (B), and the
silane coupling agent (C), is necessarily in the range of 0.10 to 0.30. When the mass
ratio is less than 0.10, the proportion of the urethane resin is too low, so that the
corrosion resistance and heat resistance of portions processed by bending, and

30 storage stability of the surface treatment liquid deteriorate. On the other hand, when
the mass ratio is more than 0.30, the solvent resistance is insufficient. More
preferably, the mass ratio is 0.12 to 0.28.

[0039] Further, in a surface treatment liquid of the present invention, a solid mass
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silane coupling agent (C) with respect to the total solid mass content {(As) + (Bs) +
(Cs)} of the resin compound (A), the cationic urethane resin emulsion (B), and the
silane coupling agent (C), is necessarily in the range of 0.60 to 0.85. When the mass
5  ratio is less than 0.60, the solvent resistance is insufficient. Meanwhile, when the
mass ratio is more than 0.85, the corrosion resistance of portions processed by
bending or the storage stability of the surface treatment liquid decreases. More
preferably, the mass ratio is 0.65 to 0.80.
[0040] In a surface treatment liquid of the present invention, a mass ratio

10 {(Cs)/(Dti)}, which is a ratio of solid mass content (Cs) of the silane coupling agent
(C) with respect to mass content (D) in terms of titanium standard of the organic
titanium chelate compound (D), is in the range of 50 to 70. When the mass ratio is
less than 50, the corrosion resistance of processed portions by bending or the storage
stability is insufficient. Meanwhile, when the mass ratio is more than 70, the

15  dissolution of a film increases, and the coating properties after alkaline degreasing
deteriorate accordingly. Preferably, the mass ratio is 55 to 65.

[0041] Note that in terms of calculating the mass ratio in accordance with the
present invention, the mass of the solid mass content (Cs) of the silane coupling agent
(C) is a mass measured when alkoxysilane (R-Si(—OR1)3) is hydrolyzed to be silanol

20  (R-Si(—OH)s3). This is because when a silane coupling agent is dissolved in water,
most of the silane coupling agent is hydrolyzed, and alcohol produced by the
hydrolysis is volatilized when a film is formed by applying a treatment agent of the
present invention and drying it, which means that the alcohol does not function as an
effective component.

25 [0042] In a surface treatment liquid of the present invention, a mass ratio (Ev/Dr;),
which is a ratio of mass content (Ey) in terms of vanadium standard of the
quadrivalent vanadyl compound (E) with respect to mass content (Dr;) in terms of
titanium standard of the organic titanium chelate compound (D), is in the range of
0.30 to 0.50. When the mass ratio is less than 0.30, corrosion resistance is

30 insufficient. Meanwhile, when the mass ratio is more than 0.50, coating properties
after alkaline degreasing are degraded. Preferably, the mass ratio is 0.35 to 0.48.
[0043] In a surface treatment liquid of the present invention, a mass ratio

[(Fmo){(As) + (Bs) + (Cs)}, which is a ratio of mass content (Fyo) in terms of
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mass content {(As) + (Bs) + (Cs)} of the resin compound (A), the cationic urethane
resin emulsion (B), and the silane coupling agent (C), is in the range of 0.003 to 0.03.
When the mass ratio is less than 0.003, blackening resistance is insufficient.

5 Meanwhile, when the mass ratio is more than 0.03, satisfactory storage stability of
the surface treatment liquid cannot be obtained. The mass ratio is preferably 0.006 or
more to obtain a higher level of blackening resistance.

[0044] In a surface treatment liquid of the present invention, a mass ratio
[(GR)H{(As) + (Bs) + (Cs)}], which is a ratio of mass content (Gg) in terms of fluorine
10  standard of the fluorine compound (G) with respect to the total solid mass content
{(As) + (Bs) + (Cs)} of the resin compound (A), the cationic urethane resin emulsion
(B), and the silane coupling agent (C), is in the range of 0.01 to 0.1. When the mass
ratio is less than 0.01, sweat resistance is insufficient. Meanwhile, when the mass
ratio is more than 0.1, satisfactory corrosion resistance and storage stability of the
15  surface treatment liquid cannot be obtained. The mass ratio is preferably 0.07 or less
to obtain a higher level of sweat resistance.
[0045] The surface treatment liquid of the present invention has a pH in the range
of 4 to 5. When the pH is less than 4, much zinc is dissolved out of a coating layer of
a zinc or zinc alloy-coated steel sheet to be surface-treated to decrease corrosion
20  resistance. On the other hand, when the pH is more than 5, satisfactory stability of
the surface treatment liquid cannot be obtained.
[0046] Here, as an acidic agent used for adjusting the pH to 4 to 5, phosphoric acid,
acetic acid, formic acid, hydrofluoric acid, fluoride, and the like are preferable, while
strong acids such as sulfuric acid and nitric acid are not preferred. When sulfuric acid
25  or nitric acid is used, cationic phenols or cationic urethanes are observed to have a
tendency to turn into a gel-like material in the surface treatment liquid due to pH
shock (local abrupt change of pH) in the pH adjustment. Further, this leads to the
formation of salts which is easily dissolved to reduce corrosion resistance. Acetic
acid and formic acid are weak acids, so that they are preferable for pH adjustment.
30  Moreover, they are highly volatile to be volatilized when the agent of the present
invention is dried. Accordingly, they hardly remain in the film. Thus, they are also
preferable in that excessive addition of them would cause little performance

degradation. On the other hand, as an alkaline agent used for adjustment for a pH of
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4 to 5 when pH becomes too low, agueous ammonia or amines with a boiling point
of 100 °C or less are preferable. Note that when a strongly alkaline agent such as
NaOH or KOH is used, pH shock occurs as in the case of using a strongly acidic
agent, which would generate a gel-like material. Thus preferably, NaOH and KOH
are not used.

[0047] Water (H) used in the present invention preferably has less effect on the
components of the resin compound (A), the cationic urethane resin emulsion (B), the
silane coupling agent (C), and the organic titanium chelate compound (D), and an
acidic component or an alkaline component used for pH adjustment. For example,
hardness increasing components such as Mg, Ca, or Si contained as impurities in
water reduce the solubility and dispersibility of the resin compound (A) and/or the
cationic urethane resin emulsion (B) of the present invention. This may be a factor of
generating aggregates of these impurities, which is not preferable.

Further, when Na or CI contained as an impurity in water remains in a film,
it would reduce the corrosion resistance or reduce the coating adhesion. Therefore,
water (H) used preferably contains less impurities; for example, the water preferably
has an electrical conductance of less than 100 uS/cm. More preferably, the electrical
conductance is 50 uS/cm or less, still more preferably, 10 uS/cm or less.

[0048] Note that the concentration of the solid mass content of the surface
treatment liquid of the present invention after drying at 110 °C for two hours is
preferably in the range of 4 mass% to 20 mass%. Specifically, when the
concentration of the solid mass content is in the range of 4 mass% to 20 mass%, it is
easy to ensure satisfactory coating amount of a surface-treating film described below.
Further, the storage stability of the surface treatment liquid is satisfactory.
[0049] Basic components of a surface treatment liquid of the present invention have
been described above. In the present invention, however, the following components
may be contained in addition as necessary.

Specifically in the present invention, in order to ensure lubricity of a film,
wax (W) may be contained in the surface treatment liquid.

The wax (W) is preferably prepared such that a mass ratio [(Ws)/{(As) +
(Bs)}], which is a ratio of solid mass content (W) of the wax (W) with respect to the
total solid mass content {(As) + (Bs)} of the resin compound (A) and the cationic

urethane resin emulsion (B), is in the range of 0.2 to 0.4. When the mass ratio is 0.2
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1611ca desired lubricity can be obtained as well as obtaining a film which is not too hard.

10 [0051] The wax (W) is preferably stably dispersed in water by an emulsifier to be
an emulsion, and the particle diameter is preferably in the range of 0.08 um to 0.3
um. When the particle diameter is 0.08 um or more, the effect of lubricity can be
obtained, and the quantity of consumed emulsifier does not increase. Thus, the alkali
resistance or coating properties is not degraded. On the other hand, a particle

15  diameter of 0.3 um or less is preferable because floatation in the treatment agent due
to decrease in the specific weight of the wax (W) does not occur and storage stability
is satisfactory.

[0052] Furthermore, a defoaming agent or a wettability improver may be added to
the surface treatment liquid of the present invention as necessary. The kind of the

20 defoaming agent is not limited in particular, for example, a silicone or fatty acid
emulsion type can be used. A wettability improver reduces surface tension of a
surface treatment liquid and improves wettability with zinc or zinc alloy-coated steel
sheets to improve appearance uniformity. Examples of the wettability improver
include water-soluble solvents such as ethanol, T-butanol, and butyl cellosolve, but

25 are not limited thereto. Moreover, wettability improvers containing acetylene are
preferable because they also have defoaming effect. A nitrate such as nickel nitrate
or ammonium nitrate may be added further to the surface treatment liquid of the
present invention in order to improve blackening resistance. As described above,
nitric acid causes pH shock; however, a nitrate does not cause pH shock.

30 [0053] Next, a method of manufacturing a coated steel sheet with the use of the
above surface treatment liquid and the resultant coated steel sheets will be described.
When a surface treatment film is formed on a coated steel sheet, with the use of a

surface treatment liquid of the present invention, the surface treatment liquid is
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of 50 °C to 180 °C. The surface treatment film formed at a coating amount in the
range of 0.2 g/m? to 1.8 g/m? per surface needs be formed on the steel sheet surface.
On this occasion, when the coating amount of the surface treatment film per
5 surface is less than 0.2 g/m? sufficient corrosion resistance cannot be obtained. On
the other hand, when the coating amount is more than 1.8 g/m? the effect of the
coating amount is saturated, which not only is economically disadvantageous but
also degrades coating properties. Therefore, the coating amount per surface is 0.2
g/m’ to 1.8 g/m?, more preferably in the range of 0.3 g/m* to 1.6 g/m?, and still more
10  preferably, 0.4 g/m? to 1.4g/m?.
[0054] As a method of applying a surface treatment liquid of the present invention
to a coated steel sheet, any conventionally known methods such as of roll coaters
(such as 3-roll coaters, 2-roll coaters), squeeze coaters, die coaters, etc can be used.
After the application, dipping, or spraying by the use of a squeeze coater or the like,
15  the coating amount may be controlled, the appearance may be unified, and its film
thickness may be unified by to an air-knife method or a roll-squeezing method.
[0055] After the coated steel sheet is thus coated (application by coating) with the
surface treatment liquid of the present invention, it is dried under heat, without being
rinsed with water. For drying it under heat, usable are driers, hot air furnaces,
20  high-frequency induction heating furnaces, IR furnaces, etc. The surface treatment
liquid is dried at an ultimate sheet temperature in the range of 50 °C to 180 °C as
described above. If the ultimate sheet temperature is lower than 50 °C, much water
will remain in the film and the corrosion resistance of the film will be low. On the
other hand, if the temperature is higher than 180 °C, it is uneconomical and, in
25 addition, the film will be hard and brittle, and the corrosion resistance at the
processed portion of the film will be low.
[0056] A surface of the coated steel sheet of the present invention having a surface
treatment film formed by the above method may be further coated with a resin film
to achieve further higher corrosion resistance.
30 Note that a surface treatment film formed using the surface treatment liquid
of the present invention may be applied to either one surface or both surfaces of a
coated steel sheet.

[0057] Next, effects of the present invention will be described. The components in
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mentioned below; however, the present invention is not limited to the assumption in
any respect.
The surface treatment liquid of the present invention is mainly composed of a
5 resin compound (A), a cationic urethane resin emulsion (B), and a silane coupling
agent (C), and the framework of a film is formed of these main components.
[0058] The pH of the surface treatment liquid containing the resin compound (A)
having a cationic functional group (general formula (1) or (Ill) given above) is
adjusted to be weakly acidic, to increase the stability of the surface treatment liquid,;
10  thus, satisfactory storage stability is ensured. Further, the resin compound (A) is
cationized to be less soluble in alkaline solutions, so that a film having alkali
resistance can be obtained. Moreover, bisphenol is selected as a phenol skeleton of
the resin compound (A); thus, the film becomes less soluble in a polar solvent
(solvent resistance is imparted), and the adhesion and corrosion resistance are
15  improved.
[0059] However, the resin compound (A) is easily become yellowish due to heat
(reduction in heat yellowing resistance) and is likely to be a hard film. Accordingly,
a cationic urethane resin emulsion (B) is used for the present invention to reduce
hardness of a phenol resin, thereby ensuring corrosion resistance at processed
20  portions.
[0060] The cationic urethane resin emulsion (B) has the above effect; however, it
makes a film easily come off (being peeled off) due to a polar solvent. In view of this,
in the present invention, in order to ensure sufficient solvent resistance (with respect
to a polar solvent) and yellowing resistance, the silane coupling agent (C) is added.
25  The silane coupling agent (C) contributes to improvements in adhesion to a material
(zinc-coating layer) or a topcoat coating film because a terminal alkoxy group is
hydrolyzed to generate an active silanol group (Si-OH). Further, the silane coupling
agent (C) is partially condensed by dehydration to generate siloxane bonds (Si-O-Si),
and the siloxane bonds are bound to be polymerized (into polysiloxane:
30 -Si-O-Si-O-Si-). This provides an exceedingly stable structure, which allows a film
to have corrosion resistance, solvent resistance, and yellowing resistance.
[0061] Accordingly, a resin compound (A), a cationic urethane resin emulsion (B),

and a silane coupling agent (C) which are main components of the surface treatment
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liquid are used at an appropriate rate; thus, performance corresponding to each
component is considered to be obtained in a balanced manner. However, the main
components alone cannot provide a satisfactory solution for solving conventional
problems and the problem of blackening phenomenon. Given this situation, with
5  respect to the surface treatment liquid of the present invention, an organic titanium
chelate compound (D) is an essential component in addition to the main components.
The organic titanium chelate compound (D) is assumed to serve as a catalyzer for
promoting the polymerization into polysiloxane when the surface treatment liquid is
dried to form a film. This remarkably improves alkali resistance of the film and the

10  corrosion resistance after alkaline degreasing, and also improves solvent resistance
and coating properties thereof.

[0062] In order to achieve such effects, as described above, the organic titanium
chelate compound (D) having an amount predetermined depending on the amount of
the silane coupling agent (C) is necessary. When the amount is small, desired effects

15 cannot be obtained, and when the amount is excessive, polysiloxane excessively
increases and the resultant film becomes hard and brittle, which reduces the
corrosion resistance at the processed portion. The polymerization into polysiloxane
due to the organic titanium chelate compound (D) is ideally promoted during the
formation of films; however, the polymerization into polysiloxane is promoted even

20  when the surface treatment liquid is stored. Therefore, when the content of the
organic titanium chelate compound (D) is excessive, the storage stability
(suppression of increase in viscosity and gelation) of the surface treatment liquid
decreases and the quality of the agent before storage cannot be obtained after the
storage.

25 [0063] Further, a quadrivalent vanadyl compound (E) is also an essential
component in a surface treatment liquid of the present invention. In the present
invention, a quadrivalent vanadyl compound (E) is assumed to serve as a corrosion
inhibitor (for example, passivation of zinc). In particular, a vanadyl ion [VO*']
having one oxygen atom is hardly dissolved even in a humid environment, and has

30 the inhibiting effect while remaining in a film. Therefore, even when the coated steel
sheet is subjected to high deformation such as bending and the surface treatment film
or the coating surface itself suffer ductile damage, the corrosion resistance or

corrosion resistance after alkaline degreasing of the damaged portion is assumed to
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coating (electrocoating, hot dipping). Particularly in galvanizing, Mg, Al, or the like
10 is added to improve the corrosion resistance or to improve adhesion between the zinc
coating and a material (a steel sheet), and they are concentrated on a coating interface
of the zinc or zinc alloy-coating or on the superficial layer of the coating to promote
blackening, which leads to more blackening. It is known that the blackening
resistance decreases when surface treatment for improving white rust resistance of
15  the zinc or zinc alloy-coating is performed.
[0065] As mentioned above, the cause of blackening of a zinc or zinc alloy-coating
under high temperature and high humidity conditions is yet unrevealed; however,
zinc oxide formed on the outermost surface of the zinc or zinc alloy-coating would
be deprived of oxygen to turn into oxygen-deficient zinc oxide, or oxygen would not
20  be supplied in the process of zinc corrosion (oxidation) to produce oxygen-deficient
zinc oxide. Such oxygen-deficient zinc oxides are said to seem black in color.
[0066] In the present invention, a molybdate compound is introduced into a surface
treatment film to obtain excellent blackening resistance. Specifically, molybdenum is
a transition metal, and there are MoO, and MoO3; which are oxides obtained by
25  combination of molybdenum and oxygen. Molybdic acid is obtained by combination
of such oxide and more oxygen atom(s) (MoO4*). Accordingly in the present
invention, molybdic acid (MoO,*) partially turn into an oxide of molybdenum
(MoOs or the like) under high temperature and high humidity conditions or under
corrosive environment; thus, oxygen is properly supplied to the zinc coating surface,
30 which is considered to make oxygen-deficient zinc oxide less formable. The
inventors estimate that a surface treatment film suppressing blackening was obtained
due to such a mechanism.

[0067] Importantly, the surface treatment liquid of the present invention contains a
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fluorine compound (G) as another essential component.
This is important because the addition of the fluorine compound (G) makes it
possible to obtain excellent sweat resistance. When a person directly touches a zinc
or zinc alloy-coated steel sheet, human sweat adheres to the steel sheet, and the
5 touched portion is blackened over time. The blackening mechanism is not revealed
yet. However, slight corrosion is observed on a superficial layer of the zinc or zinc
alloy-coating. For this reason, it is considered that the superficial layer of the zinc or
zinc alloy-coating is weakly oxidized by human sweat (weakly acidic) to become a
starting point of corrosion; the corrosion gradually grow on the very outer surface of
10 the zinc coating to seem black. Specifically, the effect of adding the fluorine
compound (G) generates hardly-soluble compounds such as fluorides of Zn, Al, or
Mg on the superficial layer of the zinc coating when the surface treatment liquid and
the zinc or zinc alloy-coated steel sheet surface come in contact with each other, and
the superficial layer of the coating is stabilized. Thus, the inventors estimate that the
15  effect can suppress the blackening caused by human contact. On that occasion,
hydrofluoric acids or salts of them which easily generate F~ ions are preferred in
particular because they are very effective in improving sweat resistance.
Example
[0068] A resin compound (A) shown in Tables 1 (Table 1a and Table 1b), a
20  cationic urethane resin emulsion (B) shown in Table 2, a silane coupling agent (C)
shown in Table 3, a titanium compound (D) shown in Table 4, a vanadium
compound (E) shown in Table 5, a molybdate compound (F) shown in Table 6, a
fluorine compound (G) shown in Table 7, and a wax (W) emulsion shown in Table 8
were mixed as appropriate to prepare a surface treatment liquid. As a material sheet,
25 agalvanized steel sheet shown in Table 9 was used.
For example, a surface treatment liquid of each example was prepared to have a
composition shown in Tables 10-1 to 12-1. The pH of each agent was adjusted using
acetic acid and ammonia to pH shown in Tables 10-2 to 12-2, and prepared to have a
solid mass content concentration of 10 mass% after drying at 110 °C for two hours
30 by means of deionized water. The pH of other surface treatment liquids was also
adjusted using acetic acid as an acid portion and ammonia as an alkaline portion, and
the solid mass content concentration was set at 10 mass%. Note that for the deionized

water above, ion-exchange water having an electrical conductance of 10 uS/cm was
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used.
[0069] A surface of a coated steel sheet shown in Table 13 was subjected to
alkaline degreasing, rinsed with water, dried, and then one surface of the steel sheet
was coated with a surface treatment liquid shown in Tables 10 to 12 using a roll
5 coater. Then, without water rinsing, heat drying was performed so that the drying
temperatures shown in Table 13 were the ultimate sheet temperature to manufacture
coated steel sheets having a surface treatment film. The coating amount on one
surface of the surface treatment film was adjusted depending on the coating
condition (rolling force, revolving speed, etc).
10  The coating amounts are shown in Tables 13.
Note that the amount of coating was determined by measuring Si of the contained
silane coupling agent (C) using an X-ray fluorescence spectrometer, and converting
the Si coating amount into the film coating amount.
[0070] The quality (flat-portion corrosion resistance, corrosion resistance at bent
15  portions, corrosion resistance after alkaline degreasing, blackening resistance, heat
discoloration resistance, coating properties, coating properties after alkaline
degreasing, solvent resistance, storage stability, sweat resistance, and lubricity) of the
resultant surface treatment liquid and zinc or zinc alloy-coated steel sheets
manufactured using the surface treatment liquid was tested. The results are shown in
20 Tables 14. Note that the quality performance was evaluated under the following
conditions.
[0071] (1) Flat-portion corrosion resistance
Each sample was subjected to a salt spray test (JIS-Z-2371-2000) and evaluated with
respect to the ratio of area where white rust was generated after 120 hours. The
25  evaluation criteria were as follows.
A: White rust area ratio: 0 %
B+: White rust area ratio: less than 5 %
B: White rust area ratio: 5 % or more, less than 10 %
B—: White rust area ratio: 10 % or more, less than 20 %
30 C: White rust area ratio: 20 % or more, less than 40 %
D: White rust area ratio: 40 % or more
[0072] (2) Corrosion resistance at bent portions

Each sample was bent at 180° so as to sandwich a pole having a diameter of 2 mm
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(made of stainless steel) in between, and clamped with a vise. The bent samples were
subjected to a salt spray test (JIS-Z-2371-2000), and evaluated with respect to the
ratio of area where white rust was generated on the outer side (surface) of the bent
portion after 72 hours. The evaluation criteria were as follows.
5 A: White rust area ratio at the bent portion: 0 %
B+: White rust area ratio at the bent portion: less than 5 %
B: White rust area ratio at the bent portion: 5 % or more, less than 10 %
B—: White rust area ratio at the bent portion: 10 % or more, less than 40 %
C: White rust area ratio at the bent portion: 40 % or more, less than 80 %
10  D: White rust area ratio at the bent portion: 80 % or more
[0073] (3) Corrosion resistance after alkaline degreasing
An alkaline degreaser "CL-N364S" (Nihon Parkerizing Co., Ltd.) was dissolved in
purified water at a concentration of 20 g/L and heated to 60 °C. Each sample was
immersed in the alkaline solution for 2 minutes, taken out, rinsed with water, and
15 dried. Each sample was subjected to a salt spray test (JIS-Z-2371-2000), was
evaluated with respect to the white rust area ratio after 72 hours. The evaluation
criteria were as in the evaluation shown in (1) above.
[0074] (4) Blackening resistance
Change of lightness (L value) after each sample was left to stand still in a
20  thermohygrostat in which the atmosphere was controlled at a temperature of 80 °C
and a relative humidity of 95 % for 24 hours was calculated by (AL = L value after
test — L value before test). The evaluation criteria were as follows. The L value was
measured using "SR2000" manufactured by NIPPON DENSHOKU INDUSTRIES
CO., LTD. with an SCE (specular component excluded) mode.
25 A-6<AL
B:-10<AL < -6
C:-14<AL<-10
D:AL<-14
[0075] (5) Heat discoloration resistance
30 Each sample was heated in an infrared image furnace at a sheet temperature of 500
°C for 30 seconds, maintained for 30 seconds, and then naturally cooled in air to
room temperature. The surface appearance of the samples at this time was visually

observed. The evaluation criteria were as follows.
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A: No change in color

B: Slightly brownish
C: Tint brown
D: Brown
5 [0076] (6) Coating properties
Each sample was painted with DELICON (registered trade mark) #700 (product by
DAI NIPPON TORYO CO.,LTD.) which was a melamine alkyd paint, baked at 130
°C for 30 minutes, thus coated with a coating film having a film thickness of 30 um,
then immersed in boiling water for two hours, and immediately cut to the steel base
10  into grids (10 x 10 pieces, 1 mm intervals). Further, each sample was 5 mm extruded
by an Erichsen extruder so that the cut portion was on the outer side (surface), then
an adhesive tape was attached to the sample and it was removed to measure peeling
area of the coating film. The evaluation criteria were as follows. Note that the
Erichsen extrusion conditions conforming to JIS-Z-2247-2006 were as follows:
15  punch diameter: 20 mm, die diameter: 27 mm, and width of drawing : 27 mm.
A: No peeling
B+: Peeling area: less than 3 %
B: Peeling area: 3 % or more, less than 10 %
B-: Peeling area: 10 % or more, less than 20 %
20  C: Peeling area: 20 % or more, less than 50 %
D: Peeling area: 50 % or more
[0077] (7) Coating properties after alkaline degreasing
Each sample was subjected to alkaline degreasing similar to (3) above, and was
subjected to a coating property test similar to (6) above. The evaluation criteria were
25  also the same as (6) above.
[0078] (8) Solvent resistance
Gauze impregnated with methanol was impressed on a surface of each sample under
a load of 4.90 N (500 gf), and was made to scratch the sample back and forth ten
times while maintaining the load. The scratch marks were visually observed for
30 evaluation. The evaluation criteria were as follows.
A: No mark
B+: No mark seen from above, slight mark seen obliquely

B: No mark seen from above, obvious marks seen obliquely
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Example 46 1179 1 {&%9] (9) Storage stability

5 Each surface treatment liquid sample shown in Tables 10 was stored in a
thermostatic chamber maintained at 40 °C for 30 days. After taking the sample out of
the chamber, the appearance of each surface treatment liquid sample was examined
by visual observation for evaluation. The evaluation criteria were as follows.

A: No change
10  B: Slight precipitation observed
C: Small amount of precipitation observed, or viscosity increased to some extent
D: Large amount or precipitation observed, or gelation observed
[0080] (10) Sweat resistance
10 uL of artificial sweat in conformance with JIS B7001-1995 was dripped on a
15  surface of each sample and a silicone rubber stopper was forced on the portion
applied with the artificial sweat to form a certain area of a region contaminated with
the artificial sweat. This test piece was left to stand still in a thermohygrostat in
which the atmosphere was controlled at a temperature of 40 °C and a relative
humidity of 80 % for 4 hours. After that, change in the appearance of the region
20  contaminated with the artificial sweat was evaluated. The evaluation criteria were as
follows.
A: No change
B: Slight discoloration
C: Blackened to a small extent
25  D: Apparently blackened
[0081] (11) Lubricity
A disk-shaped test piece having a diameter of 100 mm was cut out of each sample
and was molded into a cup shape under the following conditions: punch diameter: 50
mm, die diameter: 51.91 mm, and blank holding force: 1 ton. The appearance of the
30 surface of the molded product, which had been machined by draw press (outer side
of the cup side) was examined by visual observation to evaluate the degree of
damage and blackening. The evaluation criteria were as follows.

A: Inappreciable change observed across the entire surface, uniform appearance
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B: Slightly damaged and blackened, apparently nonuniform appearance
B—: Locally damaged and blackened, apparently nonuniform appearance
C: Damaged mainly at corner portions and seriously blackened

5  D: Broken without being molded
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[Table 1a]
[Table 1a] Resin compound (A)
Y1 Y2 Average number
No. Z group: general formula (I1) | Z group: general formula (11) | of substituted Z n
R1 R2 R1 R2 groups
Al Hydrogen Hydrogen Methyl Ethyl 0.4 5
A2 Ethyl Methyl Hydrogen Propyl 0.7 3
A3 Ethyl Propyl Hydrogen Ethyl 0.4 10
Ad Hydroxyethyl | Hydroxyethyl | Hydroxyethyl | Hydroxyethyl 0.5 5
A5 -CioHos Methyl Hydrogen Hydrogen 0.5 5
A6 -CyoH,0OH Methyl Hydrogen Hydrogen 0.5 5
A7 Hydrogen Hydrogen Methyl Ethyl 0.1 5
A8 Hydrogen Hydrogen Methyl Ethyl 1.2 5
A9 Hydrogen Hydrogen Methyl Ethyl 0.4 80
* A group represented by general formula (I) was used as the Z group.
[0083]
[Table 1b]
[Table 1b] Resin compound (A)
Y1 Y2 Average number
No. Z group: general formula (I11) Z group: general formula (I11) of substituted Z n
R3 R4 R5 R3 R4 R5 groups
A10 Hydrogen Hydrogen Methyl Methyl Ethyl Methyl 0.4 5
All Ethyl Methyl Hydrogen Hydrogen Propyl! Hydrogen 0.7 3
A12 Ethyl Propyl Methyl Hydrogen Ethyl Methyl 0.4 10
A13 Hydroxyethyl | Hydroxyethyl Hydrogen Hydroxyethyl | Hydroxyethyl Hydrogen 0.5 5
Al4d -CioHas Methyl Hydrogen Hydrogen Hydrogen Hydrogen 0.5 5
Al15 -Cy2,H,,0H Methyl Hydrogen Hydrogen Hydrogen Hydrogen 0.5 5
Al6 Hydroxyethyl | Hydroxyethyl Hydrogen Hydroxyethyl | Hydroxyethyl Hydrogen 0.1 5
Al7 Hydroxyethyl | Hydroxyethyl Hydrogen Hydroxyethyl | Hydroxyethyl Hydrogen 12 5
Al8 Hydroxyethyl | Hydroxyethyl Hydrogen Hydroxyethyl | Hydroxyethyl Hydrogen 0.5 70
* A group represented by general formula (Il1) was used as the Z group.
[0084]
[Table 2]
[Table 2] Urethane compound (B)
No. Urethane compound (B) lonicity Manufacturer
Bl ADEKA BONTIGHTER HUX-670 Cation ADEKA CORPORATION
B2 SUPERFLEX 600 Cation DAI-ICHI KOGYO SEIYAKU CO.,LTD.
B3 PERMARIN UC-20 Cation Sanyo Chemical Industries, Ltd.
B4 ADEKA BONTIGHTER UX-206 Nonion ADEKA CORPORATION
B5 HYDRAN AP-10 Anion DIC Corporation
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C1 3-Mercaptopropyltrimethoxysilane

C2 N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane
C3 3-Glycidoxypropyltrimethoxysilane

C4 3-Methacryloxypropyltrimethoxysilane

C5 Vinyltrimethoxysilane
[0086]
[Table 4]
[Table 4] Titanium compound (D)

No. Titanium compound (D)

D1 Titanium acetylacetonate (Ti: 12.5 mass%)
D2 Titanium tetraacetylacetonate (Ti: 10.8 mass%)
D3 Titanium nitrate (Ti: 16.2 mass%)

D4 Hydrofluorotitanic acid (T1: 29.2 mass%)
[0087]
[Table 5]
[Table 5] Vanadium compound (E)

No. Vanadium compound (E)

El Vanadyl oxalate (V: 32.9 mass%)

E2 Vanadyl acetylacetonate (V: 19.2 mass%)
E3 Vanadyl sulfate (V: 31.2 mass%)

E4 Ammonium metavanadate (V: 43.5 mass%)
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Table 13-1 No. Coa %ﬁt%ﬁl sheet Drying temperature C Coating amount cvm2 Remarks Invention
Example 1 GF1 10071. S vention Example 2 GF1 100 1.0 3 Invention Example 3 GF1 100 1.0 4
Comparafive Exampléable Bl Molyldetescrvpatiofl (Eyample 4 GF1 100 1.0 6 Invention Example 5 GF1

1001.0 7 Comparafivel\lr:O)gamp le 2 GF1 100 1.0 Molybdate compound (F)

F1 Nax;Mo00O4-2H,0
F2 (NH4)M070,4-4H,0
F3 (NH4)3[PM012040]-3H,0

[0089]

[Table 7]

[Table 7] Fluorine compound (G)
No. Fluorine compound (G)
Gl Hydrofluoric acid
G2 (Hydro)fluorosilicic acid
G3 (Hydro)fluorotitanic acid
G4 Ammonium hydrogen fluoride
G5 Sodium fluoride




8 Comparafive Example 3 GF1 100 1.0 9 Comparafive Example 4 GF1 100 1.0 10 Comparative
Example 5 GF1 100 1.0 11 Comparative Example 6 GF1 100 1.0 12 Comparative Example 7 GF1 100
1.0 Based on JP 3883831 13 Comparative Example 8 GE1 100 1.0 14 Comparative Example 9 GF1 100
1.0 Based on JP 2006-152436 15 Invention Example 6 GF1 100 1.0 16 Invention Example 7 GF1 100
1.0 17 Invention Ex§00p03 8 GF1 100 1.0 18 Invention Example 9 GF1 100 1.0 19 Comparafive
Example 10 GF1 10 L (?e%f Invention Example 10 GF1 100 1.0 21 Invention Example 11 GF1 100 1.0
22 Comparative Exa ptfe GF1 100 1.0 23 Comparative Example 12 GF1 100 1.0 24 Invention
Example 12 GF1 10@I’able 8] Wax (W) emulsion

No. Wax type (W) Melting point (°C) | Dispersed solid (mass%) Particle diameter (um)
w1 Oxidized polyethylene wax 115 20 0.1
w2 Microcrystalline wax 90 20 0.1
W3 Paraffin wax 50 20 0.1

*The waxes are forcibly emulsified with an emulsifier.

[0091]

[Table 9]

[Table 9] Zinc-coated steel sheet
No. Material sheet (coated steel sheet) Coating amount
GF1 Hot-dip Zn - 5.0 mass% Al - 0.6 mass% Mg - 0.04 mass% Ni alloy coated steel sheet 90 g/mz
GF2 Hot-dip Zn - 4.5 mass% Al - 0.8 mass% Mg - 0.03 mass% Ni alloy coated steel sheet 60 g/m?
GF3 Hot-dip Zn - 5.1 mass% Al - 0.9 mass% Mg - 0.09 mass% Ni alloy coated steel sheet 90 g/m?
GF4 Hot-dip Zn - 5.0 mass% Al - 0.5 mass% Mg alloy coated steel sheet 90 g/m2
GF5 Hot-dip Zn - 5.1 mass% Al alloy coated steel sheet 90 g/m?

*The coating amount is per surface (Actually, both surfaces are coated).
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[Table 13-1]
[Table 13-1]
Coated Drying Coating
No. steel temperature | amount Remarks
sheet °C g/m®
1 [Invention Example 1 GF1 100 1.0
2 |Invention Example 2 GF1 100 1.0
3 |Invention Example 3 GF1 100 1.0
4 [Comparative Example 1 GF1 100 1.0
5 |Invention Example 4 GF1 100 1.0
6 |Invention Example 5 GF1 100 1.0
7 |Comparative Example 2 GF1 100 1.0
8 |Comparative Example 3 GF1 100 1.0
9 |Comparative Example 4 GF1 100 1.0
10 [Comparative Example 5 GF1 100 1.0
11 [Comparative Example 6 GF1 100 1.0
12 |Comparative Example 7 GF1 100 1.0 Based on JP 3883831
13 |Comparative Example 8 GF1 100 1.0
14 |Comparative Example 9 GF1 100 1.0 Based on JP 2006-152436
15 |Invention Example 6 GF1 100 1.0
16 |Invention Example 7 GF1 100 1.0
17 |Invention Example 8 GF1 100 1.0
18 |Invention Example 9 GF1 100 1.0
19 |Comparative Example 10 GF1 100 1.0
20 [Invention Example 10 GF1 100 1.0
21 [Invention Example 11 GF1 100 1.0
22 [Comparative Example 11 GF1 100 1.0
23 |Comparative Example 12 GF1 100 1.0
24 |Invention Example 12 GF1 100 1.0
25 |Invention Example 13 GF1 100 1.0
26 |Comparative Example 13 GF1 100 1.0
27 |Comparative Example 14 GF1 100 1.0
28 |Invention Example 14 GF1 100 1.0
29 |Invention Example 15 GF1 100 1.0
30 |Comparative Example 15 GF1 100 1.0
31 [Invention Example 16 GF1 100 1.0
32 [Comparative Example 16 GF1 100 1.0
33 [Comparative Example 17 GF1 100 1.0
34 [Comparative Example 18 GF1 100 1.0
35 [Invention Example 17 GF1 100 1.0
36 [Invention Example 18 GF1 100 1.0
37 [Comparative Example 19 GF1 100 1.0
38 [Invention Example 19 GF1 100 1.0
39 [Comparative Example 20 GF1 100 1.0
40 |Invention Example 20 GF1 100 1.0
41 |Invention Example 21 GF1 100 1.0
42 |Invention Example 22 GF1 100 1.0
43 |Invention Example 23 GF1 100 1.0
44 |Invention Example 24 GF1 100 1.0
45 [Invention Example 25 GF1 100 1.0
46 [Invention Example 26 GF1 100 1.0
47 |Invention Example 27 GF1 100 1.0




QQ<QQ co00CO00COCO 0QRQ COI+9

IvilvialalalOlOalallvi9lvliIvi91919al0l-9-9alal-999Iviivl I(0

<C000<<0000<<

[(3) uoiuodIvli19-9allvl

luoitrod Ivi1ivl1

1Iv1111v1191<Iivi1ivi11Ivi11Ivi11119111&821911-91

[0099]
[Table 13-2]
[Table 13-2]
Coated Drying Coating
No. steel | temperature | amount Remarks
sheet °C g/m?
48 |Comparative Example 21 GF1 100 1.0
49 |Comparative Example 22 GF1 100 1.0
50 |Invention Example 28 GF1 100 1.0
51 |Invention Example 29 GF1 100 1.0
52 [Comparative Example 23 GF1 100 1.0
53 |Comparative Example 24 GF1 ) ) The test was quit because the surface
treatment liquid was gelated
54 [Comparative Example 25 GF1 100 0.1
55 |Invention Example 30 GF1 100 0.3
56 |Invention Example 31 GF1 100 0.5
57 |Invention Example 32 GF1 100 1.3
58 |Invention Example 33 GF1 100 15
59 |Comparative Example 26 GF1 100 2.0
60 |Comparative Example 27 GF1 40 1.0
61 [Invention Example 34 GF1 60 1.0
62 [Invention Example 35 GF1 140 1.0
63 |Comparative Example 28 GF1 220 1.0
64 |Invention Example 36 GF1 100 1.0
65 |Comparative Example 29 GF1 ) ) The tgst was q‘uit because some material
remained undissolved
66 |Comparative Example 30 GF1 ) ) The te:‘st was q.uit because some material
remained undissolved
67 |Comparative Example 31 GF1 ) ) The te:‘st was q.uit because some material
remained undissolved
68 |Comparative Example 32 GF1 100 1.0
69 |Comparative Example 33 GF1 100 1.0
70 |Invention Example 37 GF1 100 1.0
71 |Invention Example 38 GF1 100 1.0
72 [Invention Example 39 GF1 100 1.0
73 [Invention Example 40 GF1 100 1.0
74 |Comparative Example 34 GF1 ) i The tgst was q‘uit because some material
remained undissolved
75 |Comparative Example 35 GF1 ) i The tgst was q‘uit because some material
remained undissolved
76 |Comparative Example 36 GF1 ) ) The tgst was q‘uit because some material
remained undissolved
77 |[Comparative Example 37 GF1 100 1.0
78 [Comparative Example 38 GF1 100 1.0
79 [Invention Example 41 GF1 100 1.0
80 [Invention Example 42 GF1 100 1.0
81 |Comparative Example 39 GF1 ) i The test was quit_because of aggregation of
the urethane resin
82 |Comparative Example 40 GF1 ) i The test was quit_because of aggregation of
the urethane resin
83 |Invention Example 43 GF1 100 1.0
84 |Comparative Example 41 GF1 100 1.0
85 |Invention Example 44 GF2 100 1.0
86 |Invention Example 45 GF3 100 1.0
87 |Invention Example 45 GF4 100 1.0
88 |Invention Example 46 GF5 100 1.0
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[0103] As shown in Tables 14, each of the tested steel sheets manufactured using a
surface treatment liquid of the present invention has excellent corrosion resistance (at
flat portions and processed portions, and after degreasing), blackening resistance,
heat discoloration resistance, coating properties (without degreasing and after
5 degreasing), solvent resistance, liquid stability, and sweat resistance.
[0104] On the other hand, with respect to Comparative Example 1 (No. 4) outside
the scope of the present invention, the content of a cationic urethane resin emulsion
(B) was not in the range specified by the present invention. Therefore, the corrosion
resistance at the bent portion could not be obtained in the least, the heat resistance
10 and lubricity of Comparative Example 1 were also insufficient. The content of a
cationic urethane resin emulsion (B) in Comparative Example 2 (No. 7) exceeded the
range specified in the present invention, so that the quality after alkaline degreasing
was insufficient and the solvent resistance was also unsatisfactory. Comparative
Example 3 (No. 8) and Comparative Example 4 (No. 9) do not contain an organic
15 titanium chelate compound (D) according to the present invention; thus, the quality
of the bent portions was not desirable.
[0105] With respect to Comparative Example 5 (No. 10), Comparative Example 7
(No. 12), and Comparative Example 8 (No. 13) which do not contain a quadrivalent
vanadyl compound (E), the corrosion resistance at the bent portion was not desirable
20 and the lubricity was also insufficient. Comparative Example 6 (No. 11) uses a
pentavalent vanadyl compound; therefore, the corrosion resistance at the bent portion
or after alkaline degreasing was undesirable, and the coating properties after alkaline
degreasing were unsatisfactory. Comparative Example 9 (No. 14) used a
quadrivalent vanadyl compound (E); however, the content of a cationic urethane
25  resin emulsion (B) exceeded the range specified in the present invention. Therefore,
the resulting corrosion resistance at the bent portion and the solvent resistance were
undesirable. Note that Comparative Example 7 and Comparative Example 9 were
tested based on zinc or zinc alloy-coated steel sheets disclosed in JP 3883831 and JP
2006-152436, respectively.
30 [0106] With respect to Comparative Example 10 (No. 19), the solid mass content of
the silane coupling agent (C) was less than the range specified by the present
invention, so that the solvent resistance was insufficient. On the other hand, the solid

mass content of the silane coupling agent (C) in Comparative Example 11 (No. 22)
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5 specified by the present invention, which lead to insufficiency in corrosion resistance

or coating properties after alkaline degreasing. With respect to Comparative Example
13 (No. 26), the like solid mass content was less than the range specified by the
present invention; therefore, the corrosion resistance at the bent portion was
undesirable, and the storage stability of the surface treatment liquid was insufficient.

10  [0107] With respect to Comparative Example 14 (No. 27), the mass content of
vanadium in a quadrivalent vanadyl compound (E) with respect to the mass content
of titanium in an organic titanium chelate compound (D) was less than the range
specified by the present invention; thus, satisfactory corrosion resistance was not
achieved. On the other hand, the mass content of the like vanadium in Comparative

15 Example 15 (No. 30) exceeded the range specified by the present invention.
Therefore, the corrosion resistance after alkaline degreasing and the coating
properties after alkaline degreasing were insufficient.
[0108] With respect to Comparative Examples 16 (No. 32) and 17 (No. 33), the
mass content of molybdenum in a molybdate compound (F) was less than the range

20  specified by the present invention; therefore, the blackening resistance of each
sample was insufficient. With respect to Comparative Example 18 (No. 34), the like
mass content exceeded the range specified by the present invention; thus, the storage
stability of the surface treatment liquid was insufficient.
[0109] With respect to Comparative Example 19 (No. 37), the mass content of

25  fluorine in a fluorine compound (G) which is a feature of the present invention was
less than the range specified by the present invention; thus, the sweat resistance was
insufficient. With respect to Comparative Example 20 (No. 39), the like mass content
exceeded the range specified by the present invention; thus, the corrosion resistance
was insufficient.

30 [0110] With respect to Comparative Example 21 (No. 48), and Comparative
Examples 22 (No. 49) to 23 (No. 52), the pH was not adjusted properly, so that the
corrosion resistance of the bent portion was undesirable. With respect to

Comparative Example 24 (No. 53) having a high pH, the surface treatment liquid
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Appearance < < 0 &8%isn reSiQance was it obtained. With respect to Comparative Example 26 (No.
5 59), the film coating amount exceeded the range specified by the present invention;
therefore, the coating properties were unsatisfactory.
With respect to Comparative Example 27 (No. 60), the drying temperature was lower
than the range specified by the present invention; therefore, the corrosion resistance
after degreasing and the coating properties after degreasing were not desirable. With
10  respect to Comparative Example 28 (No. 63), the drying temperature exceeded the
range specified by the present invention; thus, the corrosion resistance at the bent
portion and the coating properties were low.
[0112] With respect to the resin compound (A) in Comparative Example 29 (No.
65), Comparative Example 30 (No. 66), Comparative Example 34 (No. 74), and
15  Comparative Example 35 (No. 75), the number of carbon atoms in a Z group
exceeded the range specified by the present invention. Further, with respect to
Comparative Example 31 (No. 67) and Comparative Example 36 (No. 76), the
average number of substituted Z groups was less than the range specified by the
present invention; thus, some material remained undissolved in the stage of preparing
20  the surface treatment liquid. With respect to Comparative Example 32 (No. 69) and
Comparative Example 37 (No. 77), the average number of substituted Z groups
exceeded the range specified by the present invention; thus, the corrosion resistance
at the bent portion and after alkaline degreasing was undesirable. With respect to
Comparative Example 33 (No. 69) and Comparative Example 38 (No. 78), the
25 average degree of polymerization of Z groups exceeded the range specified by the
present invention; thus, the corrosion resistance at the bent portion and the storage
stability were insufficient.
[0113] A urethane resin emulsion in Comparative Example 39 (No. 81) was
nonionic, and a urethane resin emulsion in Comparative Example 40 (No. 82) was
30 anioinic. Thus, the urethane resins aggregated in the stage of preparing the surface
treatment liquid. With respect to Comparative Example 41 (No. 84), the silane
coupling agent did not satisfy the range specified by the present invention; therefore,

the corrosion resistance after alkaline degreasing was undesirable.
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Industrial Applicability

[0114] The present invention can provide surface-treated coated steel sheets mainly
excellent in corrosion resistance (at a bent portion and after alkaline degreasing in
particular), which are also excellent in heat resistance, coating properties, solvent

5  resistance, and sweat resistance without chromate treatment.
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Claims

1. A surface treatment liquid for a zinc or zinc alloy-coated steel sheet
compromising:

5 (A) a resin compound having a bisphenol skeleton represented by general
formula (1) below;

(B) a cationic urethane resin emulsion having at least one type of cationic
functional group selected from the group consisting of primary to tertiary amino
groups and a quaternary ammonium base;

10 (C) at least one type of silane coupling agent having at least one type of
reactive functional group selected from the group consisting of active
hydrogen-containing amino group, epoxy group, mercapto group, and methacryloxy
group;

(D) an organic titanium chelate compound,;

15 (E) a quadrivalent vanadyl compound;

(F) a molybdate compound;

(G) a fluorine compound; and

(H) water,

wherein the components satisfy conditions (1) to (6) below, and

20 pH of said surface treatment liquid is in the range of 4 to 5.

Conditions:

(1) A solid mass ratio [(Bs)/{(As) + (Bs) + (Cs)}], which is a ratio of solid mass

content (Bs) of said cationic urethane resin emulsion (B) with respect to the total
25  solid mass content {(A;) + (Bs) + (Cs)} of said resin compound (A), said cationic

urethane resin emulsion (B), and said silane coupling agent (C), is in the range of

0.10 to 0.30.

(2) A solid mass ratio [(Cs)/{(As) + (Bs) + (Cs)}], which is a ratio of solid mass

content (Cs) of said silane coupling agent (C) with respect to the total solid mass
30  content {(As) + (Bs) + (Cs)} of said resin compound (A), said cationic urethane resin

emulsion (B), and said silane coupling agent (C), is in the range of 0.60 to 0.85.

(3) A mass ratio {(Cs)/(Dri)}, which is a ratio of solid mass content (Cs) of said

silane coupling agent (C) with respect to mass content (D;) in terms of titanium
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hand, with respect to Comparative Example 1 (No. 4) outSide the scope of the present invention, the
content of a cationic AEIAEAE RPN \RERIdPab e EHagP et i W) 63885 R ent invention.
Therefore, the corrosienotasisianeasattheheinportisr cqaigyuitshie asiainwabisutagAgastidthe heat
resistance 10 and Iub{icit. of Comparative IIExaan%e l%yverg S.ab’so insuflf.icient. '[h conteth of a cationic
urethane resin emulgﬂ)'r(\)rz )ufr? 8&%3'%1 Ve EXBmpId (ﬁ' STiexctdudd %ﬁ%nréﬁbéséﬂec?fied in the
present inventian, sodige ¢he.eliy.after alkaline degreasing was insufficient and the solvent resistance

was also unsatstactntyCRMPBIRYE FAPTPIAS (NACH ROREATPAIRINP Faemple d (49, do not

contain an organic titanium ¢ ording to the present invention; thus, the quality

of the bent portions V&SRt ftHesiratstanderton]saiatH yerdre M WHFHSAraiid AP ISP . 10),
Comparative Examplgifi (higs iR AP Massative R ape SitNomplwhich dangticogtain a

guadrivalent vanadyl compound (E), the corrosion resistance at the bent portion was not desirable 20
and the lubricity wasUg8BaSECRaMISEB R aratval Es! Rt URHASEDS (§e§ A 3BHERRESht vanadyl
compound; thergforey thegomirosion resistance at the bent portion or after alkaline degreasing was
undesirable, and the coating pggperties after alkaline degreasing were unsatisfactory. Comparative
Example 9 (No. 14) used a quadriyalent vanadyl compound (E); however, the content of a cationic
urethane 25 resin emulsion (BY éxceeded the range specified in the present invention. Therefore, the
resulting corrosion resistance &t the bent portion and the solvent resistance were undesirable. Note that
Comparative Example 7 aHeFCorfikarative Example 9 were tested based on zinc or zinc alloy-coated steel
sheets disclosed in JP 38838 nd JP 2006-152436, respectively. 30[0106] With respect to Comparative
Example 10 (No. 19), t 1aS8:gontent of the silane coupling agent (C) was less than the range
specified by the present invén o, so hat the solvent resistance was insufficient. On the other hand, the
solid "

In general formula (1), Y1 and Y respectively bonded to benzene rings independently
represent a hydrogen atom or a Z group represented by general formula (I1) or (I11)
below; the average number of substituent Z groups per benzene ring is in the range of

20 0.2t01.0; and "n" is an integer in the range of 2 to 50.

R,
—CH2—N< (11)
Ry
R;
——CHsz—/—m A” (111)
\R
5

In general formula (1) or (111), Ry, Rz, Rs, R4, and Rs independently represent a

hydrogen atom, a C;-Cyp alkyl group, or a C;-Cyo hydroxyalkyl group; and A~



mass content of the silane coupling agent (C) in Comparative Example 11 (No. 22) 44 exceeded the
range specified by the present invention, so that the corrosion resistance at the bent portion was
undesirable. With respect to Comparative Example 12 (K. 23), the solid content of a silane coupling
agent (C) with respect to the mass content of titanium in an organic titanium chelate compound (D)
exceeded the range répspeciiedydyottieepoaserniasigndian, which lead to insufficiency in corrosion
resistance or coating properties after alkaline degreasing. With respect to Comparative Example 13 (No.
26), the like solid mass content was less than the range specified by the present invention; therefore, the
corrosion resistance Zaffthfesbidategeratorew g uich fiersirzinteorauint tto wenaieksttelsilieptot chedngrface treatment

liquid was insufficierglaﬂ.{pl[%gmr\%md'ﬁﬁpgwagp @Bmparative Example 14 (No. 27), the mass content of
vanadium in a quadrivalent vanadyl compound (I(E) Wwith respect to the mass content of titanium in an

organic titaniumThelate conheaHdA MRw s IRENMIH e (Bagd Yhidfiea BYiaieé lEkenassnvention; thus,
salisfactory corrosIoggefANGRMAEHS! AONIRNE kDL RAIRIRSAIE e BEARR ARSI @l e ke

vanadium in Comparative xample 1 %No. 30) exceeded the range specified by the present
invention. Therefore OfF8IL6FTBLOAPALRG ARt angreald fauftie WeARS LR AW ISR BAtiR 'S perties after
alkaline degreasing ve@ite oisudficienat. [0108] With respect to Comparative Examples 16 (No. 32) and 17
(No. 33), the mass content of molybdenum in a molybdate compound (F) was less than the range 20
specified by the present invention; therefore, the blackening resistance of each sample was insufficient.
With respect to lCompakativthdeixampaleb8t(Nay 34indioe dike allapswdetotee bsteet deohphisimgtige specified by
the present inventiorg'tet&u& the storage stability of the surface treatment liquid was insufficient. [0109]
With respect to Comparative Example 19 (No. 37), the mass content of 25 fluorine in a fluorine
compound (G) which is a feaPRHIRT BYCRéREHEBVERRITEMASTERSH M clhémadmie dpeewitgy the present
invention; thus, the syeaifesistapchdyasinrdficiente iR aRestity SRNIPBIRLNEFGoRle 20 (No. 39),

the like mass content exceeded the range specified by the present invention; thus, the corrosion

resistance was insuffiGENISef (©2 BOT\IGtA-ShPe BEES U8R paltative Example 21 (No. 48), and

Comparative Exgmples 22 (Ngind Wdeids dNmE)o bl wad siekostsiathieraey so that the corrosion
resistance of the bent portion was undesirable. With respect to Comparative Example 24 (No. 53) having
a high pH, the surfaégrﬁpgﬁwéﬁ? fefuienge Yeadeda WA Rmade it impossible to carry out the test. [0111]
With respect to Comparative Example 25 (No. 54), the film coating amount was less than the range
specified by the presgnt invention; therefar. fficient corrosion resistance was obtained. With
"epeot o Comparatie s Upfunb T L) L T LT B A ea e o

the present inventiorsutfaseshioreptabaddaninepiingpetciens pessarfansdsisfdberangeifid2epe’cotd. Comparative
Example 27 (Ng, 60)9/FF“? drying temperature was lower than the range specified by the present invention;
therefore, the corrosion resistance after degreasing and the coating properties after degreasing were not
desirable. With 10 respect t&/tespHpReHE S ERHPEND HINS. abHInahee dyaRg lvina et suiCexceeded the

range specified by theRresf MY ERIMINLS 2theGRIEPsHBR sesir@RntedyifpReni-festion and the coating
properties were low. [0112] With respect to the resin compound (A) in Comparative Example 29 (No. 65),

Comparative Exampi&&miRidiag) aesmitmairosekismpietsie i e 209598 9%  dmidrdtive Example 35
(No. 75), the number of carbon atoms in a Z group exceeded the range specified by the present invention.
Further, with respect to Comparative Example 31 (No. 67) and Comparative Example 36 (No. 76), the
average number of substituted Z groups was less than the range specified by the present invention; thus,
some material remained undissolved in the stage of preparing 20 the surface treatment liquid. With
respect to Comparative Example 32 (No. 69) and Comparative Example 37 (No. 77), the average number
of substituted Z groups exceeded the range specified by the present invention; thus, the corrosion
resistance at the bent portion and after alkaline degreasing was undesirable. With respect to Comparative
Example 33 (No. 69) and Comparative Example 38 (No. 78), the 25 average degree of polymerization of
Z groups exceeded the range specified by the present invention; thus, the corrosion resistance at the bent
portion and the storage stability were insufficient. [0113] A urethane resin emulsion in Comparative
Example 39 (No. 81) was nonionic, and a urethane resin emulsion in Comparative Example 40 (No. 82)
was 30 anioinic. Thus, the urethane resins aggregated in the stage of preparing the surface treatment
liquid. With respect to Comparative Example 41 (No. 84), the silane coupling agent did not satisfy the
range specified by the present invention; therefore, the corrosion resistance after alkaline degreasing was
undesirable. 46 Industrial Applicability [0114] The present invention can provide surface-treated coated
steel sheets mainly excellent in corrosion resistance (at a bent portion and after alkaline degreasing in
particular), which are also excellent in heat resistance, coating properties, solvent 5resistance, and sweat
resistance without chromate treatment. 47 Claims 1. A surface treatment liquid for a zinc or zinc
alloy-coated steel sheet compromising: 5(A) a resin compound having a bisphenol skeleton represented

m’coa é]g e range specified by





