Qur Ref.2009S02035 DESCRI PTION [Title of Invention] GALVAN ZED STEEL
SHEET [ Techni cal Field] 5[0001] The present invention relates to
an environnentally friendly gal vani zed steel sheet that is used for
aut onobi | es, househol d el ectrical appliances, building materials, and
the like and that is surface-treated such that a surface- 10
treatment filmfornmed on a surface of the gal vani zed steel sheet is
conpletely free fromregul ated substances causi ng pollution such as
hexaval ent chromium in particular, to a gal vani zed, st gl sheekgblat
is suitable for applications relatingqtq electric and el'ectronic
devices and the Iike in 15 which el ectromagnetic interference (EM)
needs to be suppressed, that has excellent electronagnetic shielding
characteristics, and that al so h&&ESERIEMIEN corrosion resistance.

[ Backgr ound A«t] 20[ 0002] Wth recent trends toward digitization
of househol d el ectrical appliances, an increase in the speed of CPUs,
and the |j ke, issues relatin h d I gnetic radiation
to deviéggﬁgﬁﬁcﬁi#%Yﬁﬁiﬁo g?%&%ﬁiﬁﬂﬁ1éﬁ%ﬁf§%@@@“§5 and CPUs have
been att&acé_n%%}1 nt.i To address the Qur Ref.2009S02035 - 2 -

i ssues tar ntroI Council for Interference by

I nfo natl%@ Eechnology Equi pnrent (VCCl)" was established in Japan. To
conp y t ]the rules of VCCl, there has been an increasingly strong

trend in therh0duSLEELOWALARYOLUNTLAT K BCOnt Lol b LeniBrel e

i ssues relating ectromagneti c radi ation.

el ectrorgg %S-HJ] efclﬁl%rffz%a elieid 1 ohLoboghds pRd,Lhg kbEea‘A"tbﬂbBlles

el ectric an oni c devices, for exanple, there is a technique of

SUT T OUNGicRE e PleaGtd 1N QAN S ARG a1 1ke tr&ht%l'fdl% A& 0%as

conposed of netal (electrically conductlve) materials to achieve

el ect romagnretdre HHa dinGud ARSI ddh sl s et dyardee-

el ectrically conductive material formng the shield box reflects

el ecH r oraAinemh t1 T May o rined er ebysachiey o el riagiieliel steel
shi el ding. The higher the electrical conductivity of a materi al

form ng shest elsd damen ] dtfed yhifgesy firven eleeptlrairayrethstames causing
reflectivity becomes and the better the el ectromagnetic shiel ding
propert pdidoonesy sArdorad gixa valerdnsumentihen ;20 relpectrionelgnet ito a
shielding property of a shield box, it is inportant that netal plates
f or mi ng geleaghiizsdd Pmehahedi gihaéfl ect rswidlaldendirot iapnlyi cq0ao

Such a shield box is produced formng netal plates 25 into the
shape anm¢dsdncw Has edissgoritd mvﬁﬁlmﬂﬁnqms: Jeoiimes ao@ the like in
Ref. 2009502035 - 3 - and joining portions). Leakage or entry of

el et r orvigrot i avEEnagifds & d rdeiire e sugtE U e dc gt iBfuous
portions. Accordingly, to suppress Ieakage and entry of

el ectr orﬁ’@fbﬁqscg%veté“atelk@ﬁ G AP Yo RAG IR agEsiet s e lgiing
generall¥1|nserted in the dls%5$t|nuou ortlons of shield boxes.
[0005] ChararfedifHniGs + fe% rskl'ﬁ%reﬁ}:e&f DESHWAPHE the
shield box.needs to have a structure in which desired 10 current can
be passé@ﬁﬂﬁﬁﬁﬂﬂ?the entirety of the shield box. However, such
portion re nbers and gaskets are in contact with each

ot her 92%%?21 1ﬂ]égéhgﬁlowcontact pressure and hence have poor
elemé qﬁL ntan|ty (hereafter, sinply referred to as "continuity")
bet 5 nmetal nenbers and gaskets. Thus, the anmpunt of current

passing thro%gtﬂht he ceont 3G %n&%”t %%?:dt ggitﬁgalgﬁgﬁngbf:ﬁ%hﬁsghb

Accordlngly o further enhance the fmance O

For m ng TRE Shia 0 B S 8 gaﬁlsurie%ycgogngtl O S e e e
pl at es 3&?1@3 QLaﬁJ.%et %s&t@aﬁ]el%ﬂciﬁ{ eﬂdeq{a{i&c?% eéle&fﬂﬁ?ﬁaﬁgﬁ@é’l&es are

used in various ‘environments, naterials formng shield boxes are
radiation to devices and human bodies around such appliances

25 and CPUs have been attracting attention. To address the



20 (6) a technique of formng a conposite film conposed of a specific
i nhi bi tor conponent and a silical/zirconium conpound (for exanple,
Patent Literature 17). [0010] The filnms formed by these
techni ques are intended to 25 suppress generation of white rust of
zinc by conposite Qur Ref.2009S02035 - 7 - addition of organic
conponents or inorganic conponents. For exanple, in the techniques
(1) and (2), corrosion resistance is ensured by mainly addi ng organic
resins. However, in a filmcontaining such organi coleskB8. 2688502035
organic resins have 5 an insul ating_psoperty. Accordingly, a steel
sheet having such a filmdoes not have sufficient electrical
conductivity and hence_is not suitable as the material of a shield

box. [08EE}ePhe TEENNCGIES ) CRRGT04) TR de TAN M tERAC TEPEC1EY

ComponenTE 5HRY oA REFEre Legeh CAUOBREGS: (Tl CampGeeahaf SHarerdl
id d tal hyd id to. h hi ck to i t

Ut {1 ci 8APSBor 151 WP LI T BRCERE o A1 58I GGnYEh" StBEFSoRescoepp 2B

ddi tion 15. f f I [ t.eel . _sh [ d.with

onconddBEr T8 S SREAr S G E) 1 CESmocedtor HHe oo

the dike, £669r dingly,ag ¢ Apkhe tee ”%r%'i%%i(ny a4 2y RIgN.

el ectrical conduct|V|P§ s I'éss Tike y to be Chieved and it is

diTfi . _ SRSbo . . .

conduct Tur Py oL OgT L = e AR T penar 80 e P0LE SR REL (B o

conduct ievbhy «0b -2 roMiase 0ksa agr kage 1t keatad natee shest: depends on
the thickness of an insulating filmforned on the surface, the 25

i nsul at bngcki-bAlcs dboiRe , STods ckamparve anshRl list i ¢lRess e Jur

Ref . 2009302035 - 8 - thereby achi eve good el ectrical conductivity.
However suardegHeage the tehechidomithbekrass ahasihies liiked@gr-adanhien of
corrosion resistance of the steel sheet. Accordingly, it is difficult
t o J0 ovbdeea sumbaced oFamedadt delleshedtalhgt conidnc@ieel) aat eirl stier s
of both corrosion resistance and el ectrical conductivity. [0013] The
t echni que &6hipreviedestexaekhenticcehiedddngr.esi stance by using the
passivation effect of a vanadate 10 conpound serving as an i nhibitor
conpone©083d a sparingly Soluble netal salt froma phosphate
conmpound serving as an inhibitor conmponent, and by formng a
conposi te fiFm eephapnbhgeddzPesontioen ebapbuhdalsy| condfichéve
particles, and_a silane coupling agent that formthe skel eton of the
film 1Bafeweder formiagslihe ehéclel baKk eehdectisyietpctipamagingmic

t hi ckness needs to be small. Accordingly, it is difficult to achieve
both° coWR8&FofiOr E8RSERNC 8CRAGVEl edeFrtEaMagaREd6t SViley-dingo14The0As
descri bed above, to_make the chrom umfree treated steel sheet having
been deVéPBpEdtEs PAFShAIEadorPESIEH1VaLYsPEnGe MEGGTIa e FOFdTONAt of

i sti h te fi il [ hi gh i | ati ty . d
I L R I
diffi t 25 f ' t ted steel .to h Qu
Ref . 2008859885 =75 ERELPERERENETy ARGHCEPECEIPEAE GONGIErdi ty. Thus,
these steel sheets do _not,sufficiently, satisf cg racteristics
r equi r el PBP SVenreeNgsts Por R HEPLhy el 65 HoRSbbaI 68 | n addi tion, as
d i b h ' [ : hi_el.d box,
oot | P4 BIRKRchQ R aRIR HIB SHLERELD9 BPnongiiy £heR Sieyd box

menbers ;kbeelatneRby) naRd108gKets A ALCLHR SRATLAG! Hikt BAGRCH gy
ot her at ow contact pressure. wever, “such continuity i's no
consi dergdat-;akbh Egn@ﬁgtggiggg above-descri bed techni ques.
10[Citation List] [Patent Literature] [0015] PTL 1: Japanese
Unexam nedoRat ent Application Publication No. 2003-13252 15PTL 2:
Japanese Unexam ned Patent Application Publication No. 2001-181860

Such a shieldlbox is produced by forming metal plates

25 into the shape and hence has discontinucous portions (joints



Qur Ref.2009S02035 regul ated substances causing pollution such as
hexaval ent chrom um having various properties such as corrosion

resi stance and adhesion, and allow ng for excellent continuity

wi t hout degradi ng corrosion resi stance even under 5 a severe
condition in which the steel sheet is in contact with a gasket or the
like at a | ow contact pressure. [Solution to Problen] [0017] The

i nventors of the present invention have perforned 10 thorough studies
on how to overcone the problens. As a result, the payepkLersohaveoo3s
found that the problens can be overcore_by using an al kaline
surface-treatnent agent containing a water-soluble zirconium
conpound, a tetraal koxysilane, an epoxy-group-containi ng conpound, a
15 chel &Pfngcdgéma PRUFARaddt-e EBAPBERICLAS FaloéoﬁﬁSG%EPméﬁﬂeFH€

i ke. Thus, the present invention has been acconplished. 0Q1§l

Speci f i ¥AVPF, TERE St SFCUT \Fé’ﬁﬂ“&ﬁl &P&@’i S TR Ui O]
(E??Izbééﬁgzgg%b ;Eiéﬁaéﬁéﬁégé%h e%ﬁ%g%%%%i %yg{ cefﬁgzgfzen?
filmh I ti t

s:JH[nacZ1 f ;he al i/%ni zed st eel sh%et., vﬁer el nﬁ{ h%.sur:‘\e/lg -?tr 2at nment
filmi segﬁF R8GOV A5p RS ‘a ST TSR Y aa iRt et KRS <th' ace
ft I i,zed .st eel t i gce-t ent

o 5 SRS SiESlah o 23 M AengAhe UG (PRI

surfacegptfeatment agent is prepared so as to contain a water-soluble
zi rconi Um conpound (A), a tetraal koxysilane (B), an
epoxy-gq@@Bquntaining conpound (C), a chelating agent (D), a
vanadat e conmpound (E), and a metal conpound (F) 5 containing one or
nore metal s ¢gl ephdchr @Rkt BR8N 8YRGCRARSLELIERIoS! allshiAlad BB, ZRnet O
have a pH of 8 to 10, and to satisfy conditions (I) to (V) below,
Note  shield Hox aidedld @d NaBe &f armssf frhensadierdspindd e 10

zi rconi um conpound (A) in ternms of Zr to a nass of the

t etr@mal kotysnrarary Be iFadsdd tthiowsh the eftiyedyrati héBbR)ie0ll bhe.
mass of the tetraal koxysilane (B) to a mass of the

epoxy- gHew@veant audmngoranpeindhete methll Membert I Idd9ket o atdte
(B/'D) of the mass of the tetraal koxysilane (B) to a mass of the

chel ati ng agerttadDwith @3t @tdeld; generally HaWe a& rlatw cdrifdd)t of a
mass of the vanadate conpound (E) in terns of Vto the nmass of the
chel at | pyeagente @D iher2G0 G e pobr0elantrical qowtiamuidty o (F/ D) of
a total netal nass of the nmetal conpound (F) to the mass of the

chel at i djeagafiteD) Signpd.0Faferyregl to as "corNgraitthidl), defwern the
formul ae representing the mass ratios, 25 A represents the mass of

t hel wat 8etsd| membesis @l @RS kaks -Refhpgoo5bg0smonnt30f cymFentd (A)
interns of Zr; B represents the nmass of the tetraal koxysilane (B); C
repr esePESSERE RSB e SBEpFToRRIdomE Mgyt s RffPie)smas-L -
represents the mass of the chelating agent (D);_ E represents the mass
of "L he RIS Yoorksb Uit B RIS 1o WPOL TRk e S

t ot al tal mass, of, the netal conpound (F). These defjnitions wll
S0, boBiSed Bertu ORI £ SR G e aaut ety b
according.t . Wherein the.10 caat.i weight relative to the _,
ur  ace i 2o HAR S0 DAY [E0T LS B T i TSR S £
accor di to (1)..0r erein the sunface-treatnent agent further
con?gi ng)%é:"“]eueé’r itglaent"‘e(%l \egﬁi&taesc@rﬂdg asol?eqi%'e lubricant (G is 1 to

10 15 9 ]elative to a total solid content of the
surface-treatnent agent. [0021] (4) The gal vani zed steel sheet

accor di ng tos%%eo'%?ﬁe%ftfg?:) ah@ E3Lccpesel ﬁe%%e%”%&%cl%‘s?erde% rent

agent further contalns a nonionic acrylic resin emulsion and a

cont ent (af - stAR NN 0N infa Sy LMY S0y (Hid % BSed O 450

mass%relative to a total solid content of the surface-treat ment
required not to corrode in usage in severe environments,

25 that is, to have excellent corrosion resistance. Steel



A wat er - sol ubl e zi rconi um conpound (A) used in the present invention
is not particularly limted and exanpl es thereof include zirconium
nitrate, zirconiumoxynitrate, 10 zirconyl acetate, zirconyl sulfate,
zi rconi um car bonat e, ammoni um zi rconyl carbonate, potassium zirconyl
carbonate, sodium zirconyl carbonate, and zircon hydrofluoric acid.
One or nore of these exanples may be used. In particular, amoni um
zirconyl carbonate and sodi um zirconyl carbonate 15 are preferred
because a gal vani zed steel sheet nore excellent in r f e CN Moty
resi stance and continuity is provided., [0029] A suP gc%£€?§§?%§ﬁ%%j%
agent used in the present invention 25 contains a tetraal koxysi |l ane
(B). Wien a filmis fornmed on a surface of a gal vani zed steel sheet
with a shedce cytadinashtovagam auritng g adns it aralseinipted z$%eohi um
and a tetraal koxysil ane, a gal vani zed steel sheet is provided that is
excel | eshsetst domd shapRgteus fadpeantt el tduch e amnardy rastehion

resi stance of the steel sheet, adhesjion of the  Qur Ref.2009S02035 -
17 - fof#EdlM IGAP RIS [IYSIBH G &G itanBetoonife atich! TheetSat #t
al kal i ne deq{éhsin , and i s excellent i rns of heat resistance and

t .
wel dabi [GP€y TARGIT 4 & Th RHRAT T LB g EFIMBL°The reason
why such excellent 5 _characteristics are provided is not cJear. But,
o S haraen AR S S ot R Tt DL ARG ot FHeS Carice)

t et raal koxysi.l ane (B)_ and the above-descyibed wat.er-solubl.e zirgconi um
(A arefsed Ji(%rl of"r’osl)eﬁ]‘;ta}sohs, e'tef;:Le E%éeieceicrs- sol'u Oeuszeihrocloc;f\ieu% TATEH t he
tetraal kg i ( f or fai VA -.di Si I

crosslin fsr%.ar%%’so]@teeq rg&aetequr a@a‘%gog)}f/ls]icﬁg}% E E; ISlsé{eﬁ?dsn in es%:’r'%lsent
i nventi i i rHy.limted as long as it has four al koxy
groups %%egﬁg?g%?geﬁﬁ#%ggﬁgf%ﬁxanples of the 15 tetraal koxysil ane (B)
i ncl ude tgfg-anet hoxysi |l ane, tetraethoxysilane, tetrapropoxysilane,

and tetrabutoxysilane. One or nore of these exanples nmay be used.

Sucipan al koxy @eauRibsaN@boRelt ettlar iembeWst qdtakrd mede) for
exanpl e, an al koxy group having 1 to 4 carbon atons, preferably 1 to
20 3 carhemidPBhidM Sdief efadd Yoo Hare eiaftban edionssaSpeci fical |y,
in view of providing a galvani zed steel sheet having nore excellent
COr r 0Si QRIS tSANGL ade el ey sfdansratichdiaty aredvoxy Sihangsed e
preferable. [0031] 25A surface-treatnent agent according to the

pr esent me@ife fRefarzDARSAAIN - A1& houghy €ltlmen foankal b Se-faces of
wat er - sol ubl e zirconium (A) and the tetraal koxysilane (B) such that a
rati o (A/tBelofshdwt amass ofchdmenaied erresgindiite Id e dowen (Mectrieals
of Zr to the mass of the tetraal koxysilane (B) is 1.0 to 6.0,

pr el r allopdiicd i57itty 3Han Wien hawe nessek aghieelis, |Bislang hizgrned bwa a
gal vani zed steel sheet having excellent corrosion resistance i s not
provi dedchniyai e Herardgrentatdan ieximdried thzet ecepistangml enen 7eest ted
sheet exhibits poor continuity. [0032] 10A surface-treatnent agent
used i n fiHasphasenta s | OH e ns Aesoaspdnglyr odp SomtaEasing
conmpound (C). Wen a filmis faorned on a surface of a gal vani zed

st eel she&ERtAd Pt PurThradg reRtIRFiehdent? GHBFHihg fFrtment, by
wat er - sol uble zirconium the tetraal koxysilane, and the epoxy-group-
15 cont &M HG %L dripdtid ()R9I alcﬁhl‘?ar]a?ﬁ%%lt AN HEHV Iy p$% YetP t hat
i cellent in terns of various propertjes such,as corrosion

oot it alE DA THE I R e S ST oet L TS of $ReL e ket
heet aft | kal i d i : d the_ fil f th f
ot he 35 iRt o U0 (R St st SR Ay (At

resi stance to scratchina,. and | ubricity. ooqﬁ n
epoxy- gr oup- croenstuéL?Erfi ncgo%ol%uolur?a%%weu%%dt r|£en Jeetpsr ea"snedntéil%v%an?}f%%s i's

not partj_cul.arl jam it exampl e ' e_an.
epoxy-g rcoaﬁlp -bt%o n aél f'lnjirgnlg(ggal ]l%gt geen coupl i én%& 5}&41@%2?05 % géls%g 01-3%9% s tﬁ)n <
and electromagnetic shielding can be achieved. However, due

25 to recent global environmental issues, there is an



Qur Ref.2009S02035 - 22 - in water and it exhibits the so-called
inhibitor effect at -the time of corrosion of zinc. Exanples of the
vanadat e conpound (E) used in the present invention include amobni um
nmet avanadat e and sodi um net avanadate. One or nore of these 5 exanples
may be used. [0039] The vanadate conpound (E) used in the present
invention is contained such that a ratio (E/D) of the total mass of

t he vanadate conpound (E) in terns of Vto the total nass of 10 the
chelating agent (D) is 0.03 to 1.0, nore preferabl ) t

When the mass ratio is less than 0.03: a galvanizeéugtg§F'2833?%2035
havi ng excel l ent corrosion resistance’is not obtained. Wien the nass
ratio is nore than 1.0, it becones difficult for the vanadate
conpoundnegeadissagl vemand] £ orhempliovaeat: odapeddi tdgamirgooup|face- A
surface-treatnent agent used in the present invention contains a
netal c&FEeERE (srf)eegoﬁbﬁieﬁﬁn@rﬂvq 7 1dhe e @i ngle |%e (hePa S t he
group consisting of Ti, A, and Zn. Wen 20 such a netal conponent is
cont ai n&dS&TGR Ly ahP2dd 1St e SR TR HAFEN § T66tEd SiteorTRG o
resistaT%%O%in particular, in processed portions) -can be provided.

[ 0041] ] A netal conpound (F) used in the present invention
IS not pa ticularlx@%initﬁd as Iong as ih %s a ta congou d Qur
Ref . 2009502035298 ¥R aPhi hgCaF*HEESt *8n8 “HBPal Os EPECTEE™ F5/Ct he
group cQnsisti.n f T, Al and Zn. [0042] -Exanpl of .a

T ont ear s e e e shsstng FEte Bess (R L B ey
n!traFeteEFEQ hg@‘BEtBQH% E%Ea lséﬂyd@yd%Feffé&%“&fnﬁgyﬁﬁdfghacid
titani a sol, titanium oxide, potassiumoxalate titanate,

f1uor ot Lanienaaehde ABTRNLUTHUNOS 3l tial 3l YDAl Sy o
titaniumtetrai'sopropoxide, titani'um acetylacetonate, an I 1 sopropyl
titani ugciQ;bireaeelHhacebenes i he mtaNPles tfuifher i Gluds metals
netatitani c acid obtained by thérmal hydrol ysis of an aqueous"

solug i ogueh hist anyl zsyl kAt 6m, ontheinid @¥ @nacird rebiained ements
neutralization of an aqueous solution of titanyl sulfate with an

al kal i, saed 38l L3 ehdt be;f eeegoiingeslP0@48bn cheldPiaplLferfs ahch
Al -cont ai ni ng nmetal conpound i nclude al um num oxi de, al um num

hydr oxi de, pallyiiyadiics phkabé cadloosdylda rmididatsechalagnitammiphesyikatand
and al um num chl ori de. [0044] 20Exanples of a Zn-containing netal
conpouné-i el Ndeonitad ndagbowateunzisnc texihehe queisne fhyemmdinde, zi nc
sulfate, zinc nitrate, zinc chloride, and zinc phosphate; and, since
zi nc i spafvanpbetee ¢idwmsalithhe ideaeplcesplumghegents ;udamdsodi um

zi ncate and potassium zincate, which are generated with an 25 al kali.
Onel or rechnéfiuphesa craiphes iway oie theedonegodmg -Ref . 2009502035 - 24
- conbi nation. [0045] The netal conpound (F) used in the present
i nventi 0A0P8Jcont ai ned such that a ratio (F/ D) of the total netal
mass of 5 the netal conmpound (F) to the_ total mass of the chelating
agent (D) is°Pepbiie ©*8MPHeEfBFELRY 6°1F¥CV8:0.34. Wien the mass
ratio is_less than 0.05, a _galvanized steel sheet having excellent

corrosi 8k’ r B8sit&F ﬁ&@uﬁsOﬁoﬁoﬁpéﬁﬂdédﬁl%ﬁbﬁlﬁﬁeam&ﬁ?%%ﬂﬁﬂ?i%?%ﬁﬁ%?n
than 0.8, it beconmes difficult for t.he tal conpoun F) to

o oy B ARG ET GOB A PO PHERE QoS Mot B e T R e 05 PR A8t

a used in the present inventiqgn has_.a.pH of 8 t.o 1Q, preferahly a
A 5555pTs SesBRorith Ao o PERTRAY LEbRRCLo ASAT AT T o Gea
t han 8, toragstst%bilggyeofxth% surface-treatnent agﬁﬂp, corrosion
fesi st afeBPSi e APV AR FBG*¢t SSIPONESY . 2afd 1885 SCOR 16 % [t @
formed gn,84SUL! B6GRRLntNC SLeRhS98k Ate degnaded. Wienthe
treatment ol uti on has a pﬁ of nor € than or i 0 aC|5?c, zinc is

conside£§g£¥a%hﬁggd1ang cgrrgﬁhpg)resistance and continuity of the
gal vani zéd Steel sheét “aré’degraded. In the present invention, an

(2) a technique of forming a film containing an aqueous

S
Com I
C

25 resin, a thiocarbonyl group, a vanadate compound, and



[ 0052] A surface-treatnent agent used in the present invention-
is provided by m xing the above-descri bed conponents in water such as
dei oni zed water or distilled water. The solid 5 content of the
surface-treatment agent rmay be appropriately determ ned. A
surface-treatnent agent used in the present invention nmay optionally
contain a water-soluble solvent containing an al cohol, a ketone,
cellosolve, or the like; a surfactant; a defoam ng agent; a |leveling
agent; an 10 antim crobial-antifungal agent; a col ganks£0bohB8gbike.
Addi tion of such agents enhances the drying property, coating

appear ance, processability, storage stability, and design property of
the surface-treatnent agent. However, it is inportant that the agents
are addplicaphpsihg asiqudlfior exampler oveded thy-itee afregem) i nvent i on
are not degraded., The maxi num anount of the agents added is |ess than
5 mass%(Bel at teehpdaige ofofArmdai @ Eaafert toF & He cirmedde St fht
agent. [0053] 20A nmethod for_coating a.gal vani zed steel sheet with a
surf aceSPPEatRBRY BgERIPRYES! §fng fHteHe SHcdsé® Tinvém igpraanic

optimally selected in cordance with or exanpl e, the shape of the

f
gal vani 28495 FBER &fedt HLHOF R %t 8d PRAFIA) S0 & 6 bai™hy 2Thar
coati ng, dipping, .spr coati.ng, or. the i ke, Specificall f.o
exarml 29raa§§f:v§ﬁi195ﬁ‘y R IS TR R, 2bogo2 3516' 2§££yﬁ89‘i ﬁi&) '
t he shape, of eet is.coated,by roll ting, bar ti. or
spraiingﬁé ?u??gg }tuggﬁﬁeﬁ%ggaeﬁtc%ﬁﬁoé ﬁﬁiﬁgﬁﬁﬁt<ﬁﬁ%§ﬁ%s. i anpunt
by roll ezi | ox f a i re;
g)e/ll vani zeéglégt éggg?g{ete% u%\gfv{é%’g%teﬁgﬁéﬁatgga gh OB?1 'Eiaﬂ{h(;'ef?eid%& ?dru%len%yntb'e
coated by 1dBpi RALke GALMAH 20d ol eBn el d Rl a0 S LIRALIIPY s
agent, w thdraw ng the ggl ani zed steel sheet, and optionally

adj usti Ryt ke 13dhasist APWHe By tRI-PWARD HRFf ISR M8 1m and the
surface-treatnment agent with conpressed air. 16[0054] Before a

gal y@ni zed rsheehyeheetards CaakRd Watingy SUHISE HyYBARY @gfnt tihe
gal vani zed steel sheet nmay be optionally subjected to a pretreatnent
per f or med el the apuweRGse ff REDWiING @ilosdr Haitte @Y onts Wl of
the 15 gal vani zed steel sheet. Gl vani zed steel sheets are often

coat ed wipkh ehtis LAitRitiaivreng. 2i;| aner apresdntiique rafstforhiany gal vani zed
steel sheets are not coated with rust-inhibiting oil, oil, stains, or
t he |i kecaghhetieet d itllve czimgelseshedt Sedamidgy Fiocesisks. (Hytesiibj ecting a
gal vani zed steel sheet to 20 the pretreatnent, the surface of the

gal vani Zg8dtestatelresiidgt, i s cl eaned and the surface of the netal

mat eri al becones uniformy wettable. Wien oil and stains are not

pr eb®nt (&ndaumiechmmhanest taind omimtitnga agu oingeeLit ammaeRltayanatéany be
achi eved, the pretreatnent step nmay be elimnated. 25The net hod for
per f or mceg sth&usest aatndieveass ayer @hatRdfs Z2owerisy ic zpid
particularly limted and may be, for example, cleaning with hot

wat er , BTN §hRistd ad & U £ idm A9 idedie e Cidhianf §moss5]
5The heating tenperature (maxi mum sheet tenperature) at_the tinme of
dryi ng &PPeFmlfyerediGi & S fese Toft Wyl A Rt eel F

according to the present jnvention is generally 60C to 200C,

pref er a5113Fe§@éuFﬁslé%C.a%Mt'h@%ati ng tenperature is 60C or nore,

wat er serving.,as.the 10 i.n salvent does nqt remain and, for

exatidl o, (AN CGETBSIBIT (Ho i erandl 6r CRRYAR 7o S EPERECT & not
degraded. W t he _heating tenperature js 200C or,l.ess, .degradation
of corr 5&‘3&3&[] Sit zi%clét Ool? PANAT A & eseﬁQLls%ae/eZtlrd: & 1;819 FAEG Y

of a filmis not useg. e t rform ng 15 drying by
heating(géIhgﬁaﬂlﬁ%?cﬁﬁﬁé%}qu%%ggiJégﬁfﬁxanple, a surface-treatnent
agent boﬁ%édriEd by heating with hot air, an induction heater,

ray

infrare , hear-infrared rays, or the like. As for the tine for
The films formed by these techniques are intended to

25 suppress generation of white rust of zinc by composite



- 33 - [EXAMPLES] [0061] Hereinafter, advantages according to the
present invention will be described wth reference to Exanples and 5
Conpar ati ve exanpl es. However, the Exanples are nere exanples for
illustrating the present invention and do not limt the present
invention. [0062] 1. Method for preparing test sheets 10(1) test
sheets (material s) The follow ng commercially avail abl e
materials were used as test sheets. (i) electrogalvanized st eel sheet
(EGQ: sheet thickness of 0.8 nmand coating melghto %Qé?goé?éggg35
15(ii) hot dip galvanized steel sheet;(Qd): sheet t i ckness o .8 mm
and coating weight of 60/60 (g/nm2) (iii) hot dip gal vanneal ed st eel
sheet (GA): sheet thickness of 0.8 mm and coating weight of 40/40

(g/ n2) ABdétinat ofheresatrngoREPERtFepredBRIYAR1E0EOMRGI2D tRei gRET
relative to a main surface of each steel sheet. For exanple, the
electrogéﬁmﬁh?zeénsF§€It§ﬁ§§ﬂqﬁﬁ§ éléoépﬁnd2&6|&ﬁFr8§19@/E@SG@Mﬂﬂce
and has_ a coated | ayer |ng coatin ht .of 20 /nQ on each

sur f acel§f SPRBTEFeBY ?ﬁé& égégﬁ ?ﬁ@g?lﬁr Pé&@nenﬁ WEV@ﬁniﬁB)a Qur
Ref . 200 592035 - 34.- Test sanpl es .were Brepared i n

fol | ow Waﬁﬁ’&Fal}il?Er PUCE BFYBALFH (ESL Fat & |aI°r\%§§‘ltcr E&tselélswht Y

PALKLI N N364S factured by N k
oi | “and®8 alnd OhLPHo CCPPALY: TRECRETTAGLY of SCRESHRt S o8 nhEEr Al

was then Céeaﬂr%lm.%%e%ago%ahgrﬁaggFfH W%%td%q%%%Er?%ﬁdc%%%h éﬁ?@b

area of Pﬁ ace wdas wet t ure water el onl ze

was furthar ha%asg%dn%fﬁt Qb e ARt %g mRLer ggelyie orfetaalshrl%&%r 'qu was

dried in an oven having an atnosphere at and then used as a test
10 sanpl 01&9064] (3) Preparation of treatment solutions according
to the present i nvention Surface-treatnent agents were obtained by

m xing the lp,coppeRgNLSesn(dpi Qﬂaz@@ \Aﬁ%@h@@ a$1h8 8phieyeect he
conpositions (nmass ratios) in Tab te that the m xing anmounts

of fghe epfpoBeRts (f@)aea&(ioanbrlanI@bb@mbo@ﬁa@t@h%r@mw Tohoseid tdre
conponents (G and (H) added to 1 kg of a surface-treatnent agent.

20[ 0065finocrgdhic compbieht's8o¥dyl8 HdBeveif such 80cOmPOH10B0LAAM
000 15 000 000 00.0 000 000 000 000 000 ( OO0 000 Q0.0 LO' O
LO' 0 LOcBmpBs8d of a metal oxide and a metal hydroxide needs to
have a large thickness to impart sufficient corrosion
resistance to a galvanized steel sheet. In addition, a
15 surface of a'galvanizedlsteel sheet is covered with a non-
conductive film (insulating film) composed of zinc phosphate
or the like. Accordingly, as in the technigues (1) and (2),
high electrical conductivity is less likely to be achieved
and it is difficult to achieve both corrosion resistance and
20 electrical conductivity.
[0012]
In the technique (5), since the electrical conductivity
of a surface of a surface-treated steel sheet depends on the

thickness of an insulating film formed on the surface, the

25 insulating film is formed so as to have a small thickness to
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thereby achieve good electrical conductivity. However, a

decrease in the film thickness results in degradation of

corrosion resistance of the steel sheet. Accordingly, if is

difficult ﬁo provide a surface-treated steel sheet that is
5 excellent in terms of both corrosion resistance and

electrical conductivity.

[0013]

The technigue (6) provides excellent corrosion

resistance by using the passivation effect of a vanadate

10 compound serving as an inhibitor component and a sparingly
soluble metél salt from a phosphate compound serving as an
inhibitor component, and by foxming a composite film
containing a zirconium compound, silica fine particles, and
a silane coupling agent that form the skeleton of the film.

15 However, to ensure electrical conductivity, the f£ilm
thickness needs to be small. Accordingly, it is difficult
to achieve both corrosion resistance and electrical
conductivity.

[0014]

20 bAs described above, to make the chromium-free treated
steel sheet having been developed so far have corrosion
resistanceAequivalent to that of existing chromate films,
films having a high insulating property need to be formed so
as to have a large thickness. Accordingly, it is difficult

25 for such chromium-free treated steel sheets to have
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sufficiently high electrical conductivity. Thus, these
steel sheets do not sufficiently satisfy characteristics
reqguired for steel sheets forming shield box bodies. In
addition, as described above, to enhance the shielding
property of a shield box, sufficiently high continuity needs
to be achieved between metal members (steel sheets) and
gaskets that are in contact with each other at a low contact
pressure. However, such continuity is not considered at all
in any of the above-described techniques.
[Citation List]
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{0015}

PTL 1: Japanese Unexamined Patent Application
Publication No. 2003-13252

PTL 2: Japanese Unexamined Patent Application
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PTL 4: Japanese Unexamined Patent Application
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PTI. 5: Japanese Patent No. 35489455

PTL 6: Japanese Patent No. 3302677

PTL 7: Japanese Unexamined Patent Application
Publication No. 2002-105658

PTL 8: Japanese Unexamined Patent Application
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No. 2003-171778

Japanese Unexamined Patent Application

No. 2001-271175

Japanese Unexamined Patent Application

No. 2006-213958

Japanese Unexamined Patent Application
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Japanese Patent No. 3596665
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Japanese Unexamined Patent Application
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Invention]

20 [Technical Problem]
[0016]

An object of the present invention is to provide a
galvanized steel sheet having a surface-treatment film on a
galvanized surface, the surface-treatment film overcoming

25 +the above-described problems, being completely free from
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regulated substances causing pollution such as hexavalent
chromium, having various properties such as corrosion
resistance and adhesion, and allowing for excellent
continuity without degrading corrosion resistance even under
5 a severe condition in which the steel sheet is in contact
with a gasket or the like at a low contact pressure.
[Sclution to Problem]
[0017]
The inventors of the present invention have performed
10 thorough studies on how to overcome the problems. As a
result, the inventors have found that the problems can be
overcome by using an alkaline surface-treatment agent
containing a watexr-soluble zirconium compound, a
tetraalkoxysilane, an epoxy-group-containing compound, a
15 chelating agent, a vanadate compound, a metal compound, and
the like. Thus, the present invention has been accomplished.
[0018]
Specifically, the present invention provides the
following (1) to (5).
20 (1) A galvanized steel sheet including a surface-treatment
film having a coating weight of 50 to 1200 mg/m? relative to
a surface of the galvanized steel sheet, wherein the
surface-treatment film is obtained by applying a surface-
treatment agent to the surface of the galvanized steel sheet

2% and drying the surface-treatment agent by heating; and the
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surface-treatment agent is prepared so as to contain a

water-soluble zirconium compound (A), a tetraalkoxysilane

(B), an epoxy-group-containing compound (C), a chelating
agent (D), a vanadate compound (E), and a metal compound (F)
containing one or more metals selected from the group
consisting of Ti, Al, and Zn, to have a pH of 8 to 10, and
to satisfy conditions (I} to (V) below,
Note

(I} a ratio (A/B) of a mass of the water-soluble
zirconium compound (A) in terms of Zr to a mass of the
tetraalkoxysilane (B) is 1.0 to 6.0;

(ITI} a ratic (B/C) of the mass of the tetraalkoxysilane
{(B) to a mass of the epoxy-group-containing compound (C) is
0.1 to 1.6

(III) a ratio (B/D) of the mass of the
tetraalkoxysilane (B) to a mass of the chelating agent (D)
is 0.3 to 2.0; |

(IV) a ratio (E/D) of a mass of the vanadate compound
(E) in terms of V to the mass of the chelating agent (D) is
0.03 to 1.0; and

(V) a ratio (F/D) of a total metal mass of the metal
compound (F) to the mass of the chelating agent (D) is 0.05
to 0.8.

Note that, in the formulae representing the mass ratios,

A represents the mass of the water-soluble zirconium
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compound (A} in terms of Zr; B represents the mass of the
tetraalkoxysilane (B); C represents the mass of the epoxy-
group-containing compound (C); D represents the mass of the
chelating agent (D); E represents the mass of the wvanadate
5 compound (E) in terms of V; and F representsAthe total metal
mass of the metal compound (F). These definitions will also
be used below.
[0019]
(2) The galvanized steel sheet according to (1), wherein the
10 coatiﬂg weight relative to the surface is 50 to 500 mg /102
[0020]
{3) The galvanized steel sheet according to (1) or (2),
wherein the surface-treatment agent further contains a
lubricant (G) and a content of the lubricant (G) is 1 to 10
15 mass% relative to a total solid content of the surface-
treatment agent.
[0021]
(4) The galvanized steel sheet according to any one of (1)
to (3), wherein the surface-treatment agent further contains
20 a nonionic acrylic resin emulsion (H) and a content of the
nonionic acrylic resin emulsion (H) is 0.5 to 45.0 mass%
relative to a total solid content of the surface-treatment
agent.
[0022]

25 (5) The galvanized steel sheet according to (4), wherein the
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content of the nonionic acrylic resin emulsion (H) is 0.5 to
4.5 mass% relative to the tétal solid content of the
surface-treatment agent.

[Advantageous Effects of Invention]

[0023]

According to the present invention, a galvanized steel
sheet can be provided that has various properties such as
corrosion resistance and adhesion and allows for excellent
continuity without degrading corrosion resistance even under
a severe condition in which the steel sheet is in contact
with a gasket or the like at a low contact pressure.
[Description of Embodiments]

[0024]

Hereinafter, the present invention will be described in
detail.

A galvanized steel sheet according to the present
invention will be first described.

[0025]

Non-limiting examples of a galvanized steel sheet
according to the present invention include a hot dip
galvanized steel sheet (GI), a hot dip galvannealed steel
sheet (GA) that is obtained by alloying the hot dip
galvanized steel sheet (GI), a hot dip Zn-5 mass% Al alloy-
coated steel sheet (GF), a hot dip %Zn-55 mass% Al alloy-

coated steel sheet (GL), an electrogalvanized steel sheet
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(EG), and a Zn-Ni alloy electrogalvanized steel sheet (Zn-11
mass% Ni).
foo2e]

A galvanized steel sheet according to the present
invention is excellent in terms of continuity and includes a
film having a coating weight of 50 to 1200 mg/m* relative to
a surface of the galvanized steel sheet, wherein the film is
obtained by applying a surface-treatment agent to the
surface of the galvanized steel sheet and drying the
surface-treatment agent by heating; and the surface-
treatment agent is prepared so as to contain a water-soluble
zirconium compound (A), a tetraalkoxysilane (B), an epoxy-
group~containing compound (C), a chelating agent (D), a
vanadate compound (E), and a metal compound (F) containing
one or more metals selected from the group consisting of Ti,
Al, and Zn.

Hereinafter, a surface-treatment agent used in the
present invention will be described.

[0027]

A surface-treatment agent used in the present invention
contains a water-soluble zirconium compound (A}. When a
surface-treatment film is formed on a surface of a
galvanized steel sheet with a surface-treatment agent
containing a water-soluble zirconium compound, a galvanized

steel sheet is provided that is excellent in terms of
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various properties such as corrosion resistance of the steel

sheet, adhesion of the formed filﬁ, and corrosion resistance

of the steel sheet after alkaline degreasing, and is

excellent in terms of heat resistance and weldability, which
5 are characteristics of inorganic films.

[0028]

A water-soluble zirconium compound (A) used in the
present invention is not particularly limited and examples
thereof include zirconium nitrate, zirconium oxynitrate,

10 zirconyl acetate, zirconyl sulfate, zirconium carbonate,
ammonium zirconyl carbonate, potassium zirconyl carbonate,
éodium zirconyl carbonate, and zircon hydrofluoric acid.

One or more of these examples may be used. In particular,
ammonium zirconyl carbonate and sodium zirconyl carbonate

15 are preferred because a galvanized steel sheet more
excellent in terms of corrosion resistance and continuity is
provided.

[0029]

A surface-treatment agent used in the present invention

20 contains a tetraalkoxysilane (B). When a film is formed on
a surface of a galvanized steel sheet with a surface-
treatment agent containing the water-soluble zirconium and a
tetraalkoxysilane, a galvanized steel sheet is provided that
is excellent in terms of various properties such as

25  corrosion resistance of the steel sheet, adhesion of the
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formed film, and corrosion resistance of the steel sheet
after alkaline degreasing, and is excellent in terms of heat
resistance and weldability, which are characteristics of
inorganic films. The reason why such excellent

5 characteristics are provided is not clear. But, the
‘characteristics are probably provided because, when the
tetraalkoxysilane (B) and the above-described water-soluble
zirconium (A) are used in combination, the water—-soluble
zirconium (A) and the tetraalkoxysilane (B) form a film

10 having three-dimensional crosslinking.
{00301}

A tetraalkoxysilane (B) used in the present invention
is not particularly limited as long as it has four alkoxy
groups in a single molecule. Examples of the

15 tetraalkoxysilane (B) include tetramethoxysilane,
tetraethoxysilane, tetrapropoxysilane, and tetrabutoxysilane.
One or more of these examples may be used. Such an alkoxy
group is not particularly limited and may be, for example,
an alkoxy group having 1 to 4 carbon atoms, preferably 1 to
20 3 carbon atoms, more preferably 1 to 2 carbon atoms.
Specifically, in view of providing a galvanized steel sheet
having more excellent corrosion resistance,
tetraethoxysilane and tetramethoxysilane are preferable.
[0031]

25 A surface-treatment agent according to the present
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invention contains the water—soluble zirconium (A) and the
tetraalkoxysilane (B} such that a ratico (A/B) of the mass of
the water-soluble zirconium (A) in terms of Zr to the mass
of the tetraalkoxysilane (B) is 1.0 to 6.0, preferably 1.6
to 3.1. When the mass ratio is less than 1.0, a galvanized
steel sheet having excellent corrosion resistance is not
provided. When the mass ratio is more than 6.0, the
galvanized steel sheet exhibits poor continuity.

[0032]

A surface-treatment agent used in the present invention
contains an epoxy-group-containing compound (C}. When a
£ilm is formed on a surface of a galvanized steel sheet with
a surface-treatment agent containing the water-soluble
zirconium, the tetraalkoxysiléne, and the epoxy-group-—
containing compound (C), a galvanized steel sheet is
provided that is excellent in terms of various properties
such as corrosion resistance of the steel sheet and
corrosion resistance of the steel sheet after alkaline
degreasing; and the film formed on the surface of the
galvanized steel sheet is excellent in terms of adhesion,
resistance to scratching, and lubricity.

[0033]

An epoxy-group-containing compound (C) used in the

present invention is not particularly limited and examples

thereof include an epoxy-group-containing silane coupling
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agent such as y-glycidoxypropyltrimethoxysilane, y-
glycidoxypropylmethyldiethoxysilane, or y-
glycidoxypropyltriethoxysilane; an epoxy-group-containing
ester compound such as diglycidyl adipate, diglycidyl
phthalate, and diglycidyl terephthalate; and an epoxy-
containing ether compound such as sorbitol polyglycidyl
ether, sorbitan polyglycidyl ether, polyglycerol
polyglycidyl ether, pentaerythritol polyglycidyl ether,
diglycerol polyglycidyl ether, glycerol polyglycidyl ether,
trimethylpropane polyglycidyl ether, neopentylglycol
diglycidyl ether, ethylene glycol diglycidyl ether,
polyethylene glycol diglycidyl ether, propylene glycol
diglycidyl ether, or polypropylene glycol diglycidyl ether.
One or more of these examples may be used. In particular,
in view of providing a galvanized steel sheet having more
excellent corrosion resistance with a small filﬁ welght, an
epoxy—-group-containing silane coupling agent is preferred.
[0034]

The epoxy-group-containing compound (C) use& in the
present invention is contained such that the ratio (B/C) of
the mass of the tetraalkoxysilane (B) to the total mass of
the epoxy-group-containing compound (C) is 0.1 to 1.6,
preferably 0.2 to 1.2. When the mass ratio is less than 0.1,
a galvanized steel sheet having excellent corrosion

resistance is not provided. When the mass ratioc is more
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than 1.6, adhesion of the film becomes poor.
[0035]
A surface-treatment agent used in the present invention
contains a chelating agent (D). A surface—treatment agent
5 that contains the chelating agent (D) exhibits excellent
storage stability. The reason for this is not clear. The
chelating agent (D) probably has the effect of suppressing
polymerization of the tetraalkoxysilane (B) in the surface-
treatment agent. Probably as a result of this effect, even
10 when the surface-treatment agent is stored over a long
period of time after the preparation thereof, it does not
alter and maintains the gquality thereof at the time of
preparation. The chelating agent (D) is also necessary to
stably dissolve the vanadate compound (E) and the metal
15 compound (F) in the surface-treatment agent. The chelating
agent (D) is less likely to etch the surface of a zinc-
coated layer than inorganic acids such as nitric acid,
phosphoric acid, sulfuric acid, and hydrofluoric acid and
does not form a passivation film of zinc phosphate or the
20 like. Probably for these reasons, a galvanized steel sheet
having a film formed with a surface-treatment agent
containing the chelating agent (D) allows for more excellent
continuity.
[0036]}

25 A chelating agent (D) used in the present invention is
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not particularly limited and examples thereoif include a
hydroxy carboxylic acid such as tartaric acid or malic acid;
a monocarboxylic acid; a polycarboxylic acid such as
dicarboxylic acid or a tricarboxylic acid: oxalic acid,

5 malonic acid, succinic acid, citric acid, or adipic acid; an
aminocarboxylic acid such as glycin; phosphonic acid, and
phosphonate. One or more of these chelating agents may be
used. In particular, in view of storage stability of the
surface-treatment agent and corrosion resistance and

10 continuity of the galvanized steel sheet, a compound having
two or more carboxyl groups or two or more phosphonic acid
groups in a molecule is preferred.
f0037]

The chelating agent (D) used in the present invention

15 is contained such that a ratio (B/D) of the mass of the
tetraalkoxysilane (B) to the total mass of the chelating
agent (D) is 0.3 to 2.0, preferably 0.5 to 1.8. When the
mass ratio is less than 0.3 or more than 2.0, a galvanized
steel sheet having excellent corrosion resistance is not

20 obtained.

[0038]

A surface-treatment agent used in the present invention
contains a vanadate compound (E). The vanadate compound (E)}
is uniformly dispersed in a film formed bn a surface of a

25 galvanized steel sheet, in the form of being readily soluble
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in water and it exhibits the so-called inhibitor effect at

the time of corrosion of zinc. Examples of the vanadate

compound (E) used in the present invention include ammonium

metavanadate and sodium metavanadate. One or more of these
5 examples may be used.

[0039]

The vanadate compound (E) used in fhe present invention
is contained such that a rafio (E/D) of the total mass of
the vanadate compound (E) in terms of V to the total mass of

10 the chelating agent (D) is 0.03 to 1.0, more preferably 0.05
to 0.71. When the mass ratio is less than 0.03, a
galvanized steel sheet having excellent corrosion resistance
is not obtained. When the mass ratio is more than 1.0, it
becomes difficult for the vanadate compound to dissolve in

15 the surface-treatment agent.

[0040]

A surface-treatment agent used in the present invention
contains a metal compcocund (F) containing at least one metal
selected from the group consisting of Ti, Al, and Zn. When

20 such a metal component is contained, a galvanized steel
sheet having excellent corrosion resistance (in particular,
in processed portions) can be provided.

[0041]
A metal compound (F) used in the present invention is

25 not particularly limited as long as it is a metal compound
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containing at least one metal selected from the group
consisting of Ti, Al, and Zn. |
[0042]
Examples of a Ti-containing metal compound include

5 titanyl sulfate, titanyl nitrate, titanium nitrate, titanyl
chloride, titanium chloride, titania sol, titanium oxide,
potassium oxalate titanate, fluorotitanic acid, ammonium
fluorotitanate, titanium lactate, titanium tetraisopropoxide,
titanium acetylacetonate, and diisopropyl titanium

10 Dbisacetylacetone. The examples further include metatitanic
acid obtained by thermal hydrolysis of an agueous solution
of titanyl sulfate, orthotitanic acid obtained by
neutralization of an agueous solution of titanyl sulfate
with an alkali, and salts of the foregoing.

15 [0043]

Examples of an Al-containing metal compound include
aluminum oxide, aluminum hydroxide, aluminum sulfate,
aluminum nitrate, aluminum phosphate, and aluminum chloride.
[0044]

20 Examples of a Zn-containing metal compound include zinc
carbonate, zinc oxide, zinc hydroxide, zinc sulfate, zinc
nitrate, zinc chloride, and zinc phosphate; and, since zinc
is an amphoteric metal, the examples further include sodium
zincate and potassium zincate, which are generated with an

25 alkali. One or more of these examples may be used in
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combination.
[0045]

The metal compound (F) used in the present invention is
contained such that a ratio (F/D) of the total metal mass of
the metal compound (F) to the total mass of the chelating
agent (D) is 0.05 to 0.8, preferably 0.17 to 0.34. When the
mass ratio is less than 0.05, a galvanized steel sheet
having excellent corrosion resistance is not provided. When
the mass ratio is more than 0.8, it becomes difficult for
the metal compound (F) to dissolve in the surface—treatment
agent.

[0046]

A surface-treatment agent used in the present invention
has a pH of 8 to 10, preferably a pH of 8.2 to 89.5. When
the treatment solution has a pH of less than 8, storage
stability of the surface-treatment agent, corrosicn
resistance of the galvanized steel sheet, and adhesion of a
film formed on a surface of the steel sheet are degraded.
When the treatment solution has a pH of more than 10 or is
acidic, zinc is considerably etched and corrosion resistance
and continuity of the galvanized steel sheet are degraded.
In the present invention, an alkali used for the pH
adjustment is preferably ammonium, an amine, an amine
derivative, or an aminopolycarboxylic acid; and an acid for

the pH adjustment is preferably selected from the above-
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described chelating agents (D).
[0047]
A film formed on the surface Qf a zinc-coated layer.
according to the present invention is adjusted such that the
5 coating weight thereof is 50 to 1200 mg/m? relative to the
surface, preferably 100 to 3800 mg/n@, more preferably 100 to
500 or less mg/m?. When the coating weight is less than 50
mg/n@, there are cases where the advantages of the present
invention are not sufficiently achieved. When the coating
10 weight is more than 1200 mg/m?, the advantages become
saturated, whiph results in economical disadvantage, and
there are cases where continuity becomes poor.
[0048]
A surface-treatment agent used in the present invention
15 may further contain a lubricant (G) for enhancing lubricity.
Examples of the lubricant include solid lubricants such as
polyethylene wax, polyethylene oxide wax, polypropylene
oxide wax, carnauba an, paraffin wax, montan wax, rice wax,
Teflon {(registered trademark) wax, carbon disulfide, and
20 graphite. One or more of these solid lubricants may be used.
[0049]
The content of the lubricant (G) used in the present
invention is preferably 1 to 10 mass% relative to the total
solid content of the surface-treatment agent, more

25 preferably 3 to 7 mass%. When the content is 1 mass% or
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more, the lubricity is enhanced. When the content is 10
mass% or less, corrosion resistance of galvanized steel
sheets is not.degraded.

[0050]

3 A surface—-treatment agent used in the present invention
may further contain a nonionic acrylic resin emulsion (H)
for the purpose of enhancing corrosion resistance of a film
formed on a surface of a galvanized steel sheet. The
nonionic acrylic resin emulsion (H) is not particularly

10 limited. An acrylic resin emulsified with a nonionic
emulsifying agent may be used: forrexample, an agueous
emulsion obtained by emulsion polymerization of a vinyl
monomer such as acrylic acid, methacrylic acid, acrylate,
methacrylate, or styrene in water in the presence of a

15 nonionic surfactant (emulsifyving agent) having a
polyethylene oxide or polypropylene oxide in the structure.
[0051]

The content of the nonionic acrylic resin emulsion (H)
used in the present invention is 0.5 to 45.0 mass% relative

20 to the total solid content of the surface-treatment agent,
preferably 1.0 to 40.0 mass%, more preferably 4.5 mass% or
less. When the content is 0.5 mass% or more, the effect of
enhancing wettability of the surface-treatment agent is
provided. When the content is 45.0 mass% or less, the

25 continuity of galvanized steel sheets is not degraded.
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[0052]

A surface-treatment agent used in the present invention
is provided by mixing the above-described components in
water such as deionized water or distilled water. The solid
content of the surface-treatment agent may be appropriately
determined. A surface-treatment agent used in the present
invention may optionally contain a water-soluble solvent
containing an alcohol, a ketone, cellosclve, or the like; a
surfactant; a defoaming agent; a leveling agent; an
antimicrobial-antifungal agent; a colorant; or the like.
Addition of such agents enhances the drying property,
coating appearance, processability, storage stability, and
design property of the surface-treatment agent. However, it
is important that the agents are added as long as gqualities
provided by the present invention are not degraded. The
maximum amount of the agents added is less than 5 mass%
relative to the total solid content of the surface-treatment
agent.

[0053]

A method for coating a galvanized steel sheet with a
surface-treatment agent according to the present invention
is optimally selected in accordance with, for example, the
shape of the galvanized steel sheet to be treated and may be
roll coating, bar coating, dipping, spray coating, or the

like. Specifically, for example, a galvanized steel sheet
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having the shape of a sheet is coated by roll coating, bar
coating, or spraying a surface-treatment agent and adjusting
the adhesion amount by roll squeezing oxr blowing of gas at a
high pressure; or a galvanized steel sheet having the shape
of a formed product may be coated by dipping the galvanized
steel sheet in a surface-treatment agent, withdrawing the
galvanized steel sheet, and optionally adjusting the
adhesion amount by blowing off excessive surface-treatment
agent with compressed air.

[0054]

Before a galvanized steel sheet is coated with a
surface-treatment agent, the galvanized steel sheet may be
optionally subjected to a pretreatment performed for the
purpose of removing oil or stains on a surface of the
galvanized steel sheet. Galvanized steel sheets are often
coated with rust-inhibiting oil for preventing rust. When
galvanized steel sheets are not coated with rust-inhibiting
0il, oil, stains, or the like adhere to the steel sheets
during processes. By subjecting a galvanized steel sheet to
the pretreatment, the surface of the galvanized steel sheet
is cleaned and the surface cof the metal material becomes
uniformly wettable. When oil and stains are not present and
uniform wetting with a surface-treatment agent can be
achieved, the pretreatment step may be eliminated.

The method for performing the pretreatment is not
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particularly limited and may be, for example, cleaning with
hot water, cleaning with a solvent, or alkaline-degrease
cleaning.

[0055]

5 The heating temperature (maximum sheet temperature) at
the time of drying a film formed on a surface of a
galvanized steel sheet according to the present invention is
generally 60°C to 200°C, preferably 80°C to 180°C. When the
heatihg temperature is 60°C or more, water serving as the

10 main solvent does not remain and, for example, the corrosion
resistance of a galvanized steel sheet is not degraded.
When the heating temperature is 200°C or less, degradation
of corrosion resistance of a galvanized steel sheet due to
cracking of a film is not caused. The method for performing
15 drying by heating is not particularly limited. For example,
a surface-treatment agent may be dried by heating with hot
air, an induction heater, infrared rays, near-infrared rays,
or the like.
As for the time for which the heating is performed, an
20 optimal condition is appropriately selected in accordance
with, for example, the type of a galvanized steel sheet used.
In view of productivity and the like, the time is preferably
0.1 to 60 seconds, more preferably 1 to 30 seconds.
[0056]

25 The reasons why a galvanized steel sheet obtained by
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the present invention has various properties such.as
corrosion resistance and adhesion of a film formed on a
surface of the galvanized steel sheet and allows for desired
continuity without degradation of the corrosion resistance

5 are not necessarily clear. However, such advantages are
probably provided by the following effects.
[0057]

in the present invention, the skeleton of a film formed

on a galvanized steel sheet is constituted by a water-

10 soluble zirconium compound, a tetraalkoxysilane, and an
epoxy-group-containing compound. A dried film composed of
water-soluble zirconium does not dissolve back into water
and provides a barrier effect. Thus, a galvanized steel
sheet is provided that is excellent in terms of various

15 properties such as corrosion resistance of the galvanized
steel sheet, adhesion of a film, and corrosion resistance of
the galvanized steel sheet after alkaline degreasing, and is
excellent in terms of heat resistance and weldability, which
are characteristics of inorganic films. In addition, the

20 presence of the tetraalkoxysilane probably results in three-
dimensiocnal crosslinﬁing between silanol groups generated
from the alkoxy groups and the water-soluble zirconium
compound to thereby form a dense film. TIn addition, a
surface-treatment agent according to the present invention

25 contains the epoxy-group-containing compound and, as a
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result, crosslinking reaction of the epoxy groups with the
silanol groups and the water—soluble zirconium probably
occurs. Accordingly, the bonding strength of the film is
probably further enhanced. By using the epoxy-group-
containing compound, a galvanized steel sheet is provided
that is excellent in terms of resistance to scratching and
lubricity, which are characteristics of organic films.
[0058]

The vanadate compound and the metal compound are
uniformly dispersed in a film in the form of being readily
soluble in water and exhibit the so-called inhibitor effect
at the time of corrosion of zinc. Specifically, portions of
the vanadate compound and the metal compound are probably
ionized in a corrosive environment and passivated to thereby
suppress corrosion of zinc. In particular, the metal
compound is probably mainly released in defect portions of
the film after the forming to thereby suppress corrosion of
zinc. The chelating agent probably provides, in the
surface-treatment agent, the effect of suppressing
polymerization of the tetraalkoxysilane and the effect of
stably dissolving the vanadate compound and the metal
compound. When the film is formed by drying, the chelating
agent does not form an insulating film such as a zinc‘
phosphate film and the carboxyl groups or phosphonic acid

groups in the chelating agent serve as a crosslinking agent
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for forming the dense skeleton of the film together with the
film-skeleton components. Accordingly, the chelating agent
pfobably enhances the continuity.

[0059]

5 In summary, a galvanized steel sheet allowing for
excellent continuity according to the present invention can
maintain excellent continuity even when it is in contact

.under a low pressure with a gasket or the like probably
because a film formed from a water-soluble zirconium

10 compound, a tetraalkoxysilane, and an epoxy-group-containing
compound is highly corrosive resistant in spite of a small
thickness, and a chelating agent, a vanadate compound, and a
metal compound serving as corrosion inhibitors are made
present in the film.

15 [0060]

The present invention can provide a galvanized steel
sheet having various properties such as corrosion resistance
and adhesion and allowing for excellent continuity without
degrading corrosion resistance even under a severe condition

20 in which the steel sheet i1s under a low contact pressure.
Such galvanized steel sheets according to the present
invention are applicable to various applications and are
suitably used as, for gxample, materials used 1n wvarious
fields relating to construction, electricity, automobiles,

25 and the like.
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[EXAMPLES]
[0061]

Hereinafter, advantages accoxding to the present
invention will be described with referenée to Examples and
Comparative examples. However, the Examples are mere
examples for illustrating the present invention and do not
limit the present invention.

[0062]

1. Method for preparing test sheets

(1) test sheets (materials)

The following commercially available materials were
used as test sheets. B
(i.) electrogalvanized steel sheet (EG): sheet thickness of
0.8 mm and coating weight of 20/20 (g/m?)

(ii) hot dip galvanized steel sheet (GI): sheet thickness of
0.8 mm and coating weight of 60/60 (g/m?)

(iii) hot dip galvannealed steel sheet (GA): sheet thickness
of 0.8 mm and coating weight of 40/40 (g/m?)

Note that the coating weight represents a coating
weight relative to a main surface of each steel sheet. For
example, the electrogalvanized steel sheet has a coating
weight of 20/20 (g/m®) and has a coated layer having a
coating weight of 20 g/m? on each surface of the steel sheet.
[0063]

(2) Pretreaiment (cleaning)
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Test samples were prepared in the fellowing manner. A
surface of each test material was treated with PALKLIN N3645
manufactured by Nihon Parkerizing Co., LTD. to remove oil
and stains on the surface. The surface of the metal

5 material was then cleaned with tap water and it was
demonstrated that the 100% area of the surface was wet with
water. Pure water (deionized water) was further splashed
ontoc the metal material. The metal material was dried in an
oven having an étmosphere at 100°C and then used as a test

10 sample.
[0064]
(3) Preparation of'treatment solutions according to the
present invention

Surface-treatment agents were obtained by mixing the

15 components in deionized water so as to achieve the
compositions (mass ratios) in Table 1. Note that the mixing
amounts of the components (G) and (H) in Table 1 are the
amounts {(g) of the components (G) and (H) added to 1 kg of a
surface-treatment agent.

20 [0065]
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<Noni oni ¢ acrylic resin enmulsion (H > H :

styrene-et hyl net hacryl ate-n-butyl acryl ate-acrylic acid 10 copol yner
[0074] (4) Treatnent nethod A single surface of each test
sanpl e was coated with such a surface-treatnent agent by bar coating.
After that, 15 the test sanple was not washed with water and was

pl aced in an oven, and dried at a dryipg.tenperature in Table 2 to
forma filmhaving a coating weight (Ag/n2) in Table 2. The drying
tenperature was adjusted by changing the atnosphere tenperature in
the oven and the tine for which a 20 test sanple was placed in the
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Bar coating 300 140 Exanple 23 (i) Bar coating 300 140 Exanple
Bar coating 300 140 Exanple 25 (i) Bar coating 300 140 Exanple
Bar coating 300 140 Exanple 27 (i) Bar coating 300 140 Exanpl e
Bar coating 300 140 Exanple 29 (i) Bar coating 300 140 Exanple
Bar coating 300 140 Exanple 31 (i) Bar coating 300 140 Exanple
Bar coating 300 140 Exanple 33 (i) Bar coating 300 140 Exanple
Bar coating 300 140 Exanple 35 (i) Bar coating 300 140
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[0066]
Hereinafter, the compounds used in Table 1 will be

described.

<Water-soluble zirconium compound (A)>

Al: sodium zirconium carbonate
AZ: ammonium zirconium carbonate
[0067]

<Tetraalkoxysilane (B)}>

Bl: tetraethoxysilane

B2: tetramethoxysilane

[0068] |
<Epoxy-group-containing compound (C)>
Cl: y-glycidoxypropyltriethoxysilane
C2: polyethylene glycol diglycidyl ether
[0069]
<Chelating agent (D)>
D1: l-hydroxymethane-1,l-diphosphonic acid
D2: tartaric acid

[0070]

<Vanadate compound (E)>

El: ammonium metavanadate
EZ2: sodium metavanadate
[0071]

<Metal compound (F)>

Fl: ammonium fluorotitanate



Exanple 36 (i) Bar coating 300 140 Exanple 37 (i) Bar coating 300 140
Exanple 38 (i) Bar coating 300 140 Exanple 39 (i) Bar coating 300 140
Exanpl e 40 (i) Bar coating 300 140 Exanple 41 (i) Bar coating 300 140
Exanple 42 (i) Bar coating 50 140 Exanple 43 (i) Bar coating 100 140
Exanple 44 (i) Bar coating 200 140 Exanple 45 (i) Bar coating 400 140
Qur Ref. 2009502035 - 51 - [Table 2 (No. 2)] Test condition Test sheet
Tr eat nent net hod Coating nethod Coating . weight Drying tenperature

Type Type ng/n2 C Exanple 46 (i) Our Ref.2009502035
- 48 -

F2: aluminum nitrate hexahydrate

F3: zinc carbonate

[0072]

<Tubricant (G)>
5 Gl: polyethylene wax (CHEMIPEARL (registered trademark) WS00

manufactured by Mitsui Chemicals, Inc.)

[0073]

<Nonionic acrylic resin emulsion (H)>

Hl: styrene-ethylmethacrylate-n-butylacrylate-acrylic acid
10 copoclymer

[0074]

(4) Treatment method

A single surface of each test sample was coated with

such a surface-treatment agent by bar coating. After that,
15 the test sample was not washed with water and Qas placed in

an oven, and dried at a drying.temperature in Table 2 to

form a film having a coating weight (mg/m®) in Table 2.

The drying temperature was adjusted by changing the

atmosphere temperature in the oven and the time for which a
20 test sample was placed in the oven. The drying temperature

is the maximum temperature of a single surface of a test

sample. The bar coating was specifically performed in the

following manner.

[0075]

25 Bar coating: the surface-treatment agents were dropped



Bar coating 450 140 Exanple 47 (i) Bar coating 500 140 Exanple 48 (i)
Bar coating 600 140 Exanple 49 (i) Bar coating 800 140 Exanple 50 (i)
Bar coating 1000 140 Exanple 51 (I) Bar coating 300 140 Exanple 52
(i) Bar coating 300 140 Exanple 53 (i) Bar coating 300 140 Exanple 54
(i) Bar coating 300 140 Exanple 55 (i) Bar coating 300 140 Exanple 56
(i) Bar coating 300 140 Exanple 57 (I) Bar coating 300 140 Exanple 58
(i) Bar coating 300 140 Exanple 59 (i) Bar coating 300 140 Exanple 60
Our Ref.2003802035
- 49 -

onto the test samples and applied over the test samples with
#3-5 bar coaters. A coating weight in Table 2 was achieved
by changing the number of a bar coater used and the
concentration of a surface-treatment agent.

5 [0076]
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Bar coating 300 40 Exanple 61 (I) Bar coating 300 60 Exanple 62
Bar coating 300 60 Exanple 63 (1) Bar coating 300 80 Exanple 64
Bar coating 300 180 Exanple 65 (i) Bar coating 300 200 Exanple 66
Bar coating 300 250 Exanple 67 (i) Bar coating 300 140 Exanple 68
Bar coating 300 140 Exanple 69 (1) Bar coating 300 140 Exanple 70
Bar coating 300 140 Exanple 71 (i) Bar coating 300 140 Exanple 72
Bar coating 300 140 Exanple 73 (i) Bar coating 300 140 Exanpl e

Our Ref.2009302035
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[Table 2 (No. 1)]
' Treatment method
Test condition Test sheet Coating method Coaftlng Drying
weight | temperature
Type Type mg.” m2 °c

Example 1 (i) Bar coating 300 140
Example 2 (i) Bar coating 300 140
Example 3 (i) Bar coating 300 140
Example 4 (i) Bar coating 300 140
Example 5 (i) Bar coating 300 140
Example 6 (i) Bar coating 300 140
Example 7 (i) Bar coating 300 140
Example 8 (1) Bar coating 300 140
Example 9 (i) Bar coating 300 140
Example 10 (i) Bar coating 300 140
Example - i1 (i) Bar coating 300 140
Example 12 (i) Bar coating 300 140
Example 13 (i) Bar coating 300 140
Example 14 {ii) Bar coating 300 140
Example 15 {iii) Bar coating 300 140
Example 16 (i) Bar coating 300 140
Example 17 (i) Bar coating 300] - 140
Example 18 (i} Bar coating 300 140
Example 19 (i) Bar coating 300 140
Example 20 (i) Bar coating 300 140
Example 21 (i) Bar coating 300 140
Example 22 (i) Bar coating 300 140
Example 23 (i) Bar coating 300 140
Example 24 {i) Bar coating 300 140
Example 25 (i) Bar coating 300 140
Example 26 (i) Bar coating 300 140
Example 27 (i) Bar coating 300 140
Example 28 (i) Bar coating 300 140
Example 29 (i) Bar coating 300 140
Example 30 (i) Bar coating 300 140
Example 31 (i) Bar coating 300 140
Example 32 (i) Bar coating 300 140
Example 33 (i) Bar coating 300 140
Example 34 (i) Bar ceating 300 140
Example 35 (i) Bar coating 300 140
Example 36 i) Bar coating 300 140
Exarmple 37 (i) Bar coating 300 140
Example 38 (i) Bar coating 300 140
Example 39 (i) Bar coating 300 140
Example 40 (i) Bar coating 300 140
Example 41 (i) Bar coating 300 140
Example 42 (i) Bar coating 50 140
Example 43 (i) Bar coating 100 140
Example 44 (i) Bar coating 200 140
Example 45 (i) Bar coating 400 140




74 (i) Bar
76 (i) Bar
78 (i) Bar
80 (1) Bar

coating 300 140 Exanple 75 (i) Bar coating 300 140 Exanpl e
coating 300 140 Exanple 77 (i) Bar coating 300 140 Exanpl e
coating 600 140 Exanple 79 (i) Bar coating 900 140 Exanpl e
coating 1200 140 Exanple 81 (i) Bar coating 300 140

Conparative exanple 82 (i) Bar coating 300 140 Conparative exanple 83
(i) Bar coating 300 140 Conparative exanple 84 (i) Bar coating 300
140 Conparative exanple 85 (i) Bar coating 300 140 Conparative
exanple 86 (i) Bar coating 300 140 Conparative exampker@f.bbpoBaro3s
coating 300 140 - 5] -

[Table 2 (No. 2)]

Treatment method

Test condition Test sheef Coating method Coz?tmg Drying

weight | temperature

Type Type mg.” m2|°C

Example 46 (1) Bar coating 450 140
Example 47 (i) Bar coating 500 140
Example 48 (i) Bar coating 600 140
Example 49 (i) Bar coating 800/ 140
Example 50 (i) Bar coating 1000 140
Example 51 (i) Bar coating 300 140
Example 52 (i) | Bar coating 300 140
Example 53 (i) Bar coating 300 140
Example 54 (i) Bar coating 300 140
Example 55 (i) Bar coating 300 140
Example 56 (i) Bar coating 300 140
Example 57 (i) Bar coating 300 140
Example 58 (i) Bar coating 300 140
Example 59 (i) Bar coating 300 140
Example 80 (i) Bar coating 300 40
Example 61 (i) Bar coating 300 60
Example 62 {i) Bar coating 300 60
Example 63 (i) Bar coating 300 80
Example 64 (i) Bar coating 300 180
Example 65 (i) Bar coating 300 200
Example . 66 (i) Bar coating 300 250
Example 67 (i) Bar coating 300 140
Example 68 {i) Bar coating 300 140
Example 69 {i) Bar coating 300 140
Example 70 (i) Bar coating 300 140
Example 71 {i) Bar coating 300 140
Example 72 (i) Bar coating 300 140
Example 73 (i) Bar coating 300 140
Example 74 (i} Bar coating 300 140
Example 75 (i) Bar coating 300 140
Example 76 {i) Bar coating 300 140
Example 77 (1) Bar coating 300 140
Example 78 {i) Bar coating 600 140
Example 79 (i) Bar coating | 900 140
Example 80 (i) Bar coating 1200 140
Example 31 (i) Bar coating 300 i40
Comparative example B2 (i) Bar coating 300 140
Comparative example 83 (i) Bar coating 300 140
Comparative example 84 (i) Bar coating 300 140
Comparative example 85 (i) Bar coating 300 140
Comparative example 86 (i) Bar coating 300 140
Comparative example 87 (i) Bar coating 300 140
Comparative example 38 (i) Bar coating 300 140
Comparative example 39 (i) Bar coating 300 140
Comparative example a0 (i) Bar coating 300 140




Conparative exanple 88 (i) Bar coating 300 140 Conparative exanple 89
(i) Bar coating 300 140 Conparative exanple 90 (i) Bar coating 300
140 CQur Ref.2009S02035 - 52 - TableNo 3 Test condition Test sheet

Tr eat ment net hod Coati ng nmet hod Coating weight Drying tenperature
Type Type ng./nR2 t Conparative exanple 91 (i) Bar coating 300 140
Conparative exanple 92 (i) Bar coating 300 140 Conparative exanple 93
(i) Bar coating 300 140 Conparative exanple 94 (i) Bar coating 10 140
Conparative exanple 95 (i) Bar coating 1500 140 Copparatirveoeraopbes
96 (i) Bar coating 10 140 Conparativesgexanple 97 (i) Bar coating 1500
140 Conparative exanple 98 (i) Bar coating

[Table 2 (No.3)]

Treatment method
Test condition Test sheet Coating method Gogtlng Drying
weight | temperature
Type Type mg.” m2|°C
Comparative example 91 (i) Bar coating 300 140
Gomparative example 92 i) Bar coating 300 140
Comparative example 93 (i) Bar coating 300 140
Comparative example 94 (i) Bar coating 10 140
Comparative example 95 (i) Bar coating 1500 140
Comparative example 96 (i) Bar coating 10 140
Comparative example 97 (i) Bar coating 1500 140
Gomparative example 98 (i) Bar coating 300 140
Comparative example 99 (i) Bar coating 300 140
Comparative example 100 (i) Bar coating 300 140
Comparative example] 101 (i) Bar coating 300 140
Comparative example 102 (i) Bar coating 300 140
Comparative example] 103 (i) Bar coating 300 140
[0077]
(5) Evaluation test methods
(5-1) Evaluation of corrosion resistance
5 Specimens having a size of 70 mm x 150 mm were cut from

test sheets and the back surfaces and end surfaces of the
specimens were sealed with vinyl tapes. These specimens
were tested in a manner described below. The evaluation was

performed by visually determining area percentage of rust.

10 Salt spray testing (SST: in compliance with JIS-Z-2371-
2000): The evaluation was performed with the following
evaluation criteria on the basis of the area percentage of
white rust after a lapse of 120 hours from SST by visual
inspection.

15 Evaluation criteria:

Excellent: white-rust area percentage of less than 5%



300 140 Conparative exanple 99 (i) Bar coating 300 140 Conparative
exanple 100 (i) Bar coating 300 140 Conparative exanple 101 (i) Bar
coating 300 140 Conparative exanple 102 (i) Bar coating 300 140
Conpar ati ve exanple 103 (i) Bar coating 300 140 [0077] (5)

Eval uation test nethods (5-1) Evaluation of corrosion resistance
5Speci nens having a size of 70 mm x 150 mm were cut fromtest sheets
and the back surfaces and end surfaces of the specinens were seal ed
with vinyl tapes. These specinens were tested in apgRnagk .desckipbeds
bel ow. The eval uation was perfornmed bysvisually determ ning area
percentage of rust. 10 Salt spray testing (SST: in conpliance with

JI'S-Z-2371- 2000): The eval uation was performed with the | I owi ng
eval uat F8RIEr HRFrPa Ty Tt RESFadPs C6P &fea S éc MLy & § dlranst

after a_l apse of 120 hours from SST by visual inspection. 15

Eval uat 81 criteria: Excellent: white-rust area percentage of |ess
than 5% Qur Ref..2009S02035 - 53 - od: i1.8-rust area percentage
of 5% orFaﬁﬁreWg‘Pr&er&l? ﬁiﬁazﬁ%rﬁgf‘%%%ﬁ@;- Olfstoraﬁ'ggepe@fgcgrgteasgse of
20% or ggre @g | ess than 40% 5 Poor: white-rust area percentage of
40% or F@?_078] (5-2) Evaluation of overpaintability (adhesion)
Spe% rTe%%or:}:?‘vlw%g_t;ahferug%n%r%'az%e%%:e‘ﬁ@s;[g OfOft Q?%a%%v% SCrl bed

speci nens were painfed wth a connerC|§1Iy 10 ‘avai 'able mel ani ne

al kyd p%i@HB?nd baked at 140C for 30 mi nutes such that the resultant
pai nt ed Piln1had a thickness of 30 pm After that, the specinens were

| mrer seq 5i_p ,bai ki g AL f Oy e2 AW AN 18, SWARGE ) each speci men
was then cut in a pattern of 100 squares having 1 mmsides with 15 an

NT cutter tossdehmandeRLbias tRer 9amB khecbasetrshechs The sPRFieTEN
was subjected to cupping by '5 mmw th an Erichsen tester such that
the cut geertdi®eMapeindhe ey pEirtrd Wsite.a AdniRe dias Tenoved
fromthe painted filmand the renaining state of the painted fil mwas
eval gat eeain ad 120 meEarnand ellowd Had ritr izntts e ledtp pithd 40 i f610%0 wer e
conpliance with JI S-Z-2247-2006 (Erichsen value synbol: IE) and the
punch dipdnetters wagh?@Ghay tihee rdismldizartetrerintes] XA Iimheaahda titel ckrasg g
width was 27 mm Evaluation criteria: 25 Excellent: delam nation area
of | essctfh@&® p8h.andfher €hatRethe2608802685 weB4 impelrsmidndmni on

Good: del am nation area of |ess than 10% and 5% or nore Fair:

del ani n&tdiidrngr e@telr 1fegs 2 hamr20%nsh avcrur Zank 0ceschotee Glomyprvas
del am nation area of 20% or nore [0079] (5-3) Evaluation of .
cont i nuithen cut iEach paddEeThast Wds SRR SR Bynheladtt | iglesirf Hele
resistivity thereof with an ESP probe of a Loresta G2 10 manuf act ured
by Mtsas 3 covdmicdio swdlytedertd 29t Madhdd'd &858 i 3595 was
nmeasured every time when the | oad on the probe was increased by 50 g
and t he TORAISFRGISIF WAL HSFOREED T FERRRAS BF ¥ A8 H i AR | oad

under which 10-4 C2 or |es s .achi eved. 15 Excell ent: average | oad
of  10- paiCREAS (e A 8L (Hih S50 RPVerSP Jhtt vt g Foad

O L0 DO SSSMLEIEN) 15 2500, 06 TBLe A0 1255 000 909 0 o
e (M T%00 PO L QUSSR L9 00, 10,0 i TRAUL AL 265,750 O
g TR 250,988 L ORAOL 2B RIBLIBLEOR OF oLoraoe
cgents e SOIOstl o dereri bothda T s el e 8l AALLD, o

the surfage-t{eal Rl £ a5 £V Ugh ey ui8UBL 2hBRRSCLEAN 275 mn,

Excel | ent: no chHange Good: very small ‘anbunt of “precipitation Fair:

smal | agg&pgﬂg PREIRY LAdQD s & ifRgrease in viscosity to sone
extent Poor: |arge anount of precipitation or gelation 10[0081] (5-5)

Evaluation criteria:

25 Excellent: delamination aréa of less than 5% and no



A di sc-shaped specinmen having a dianmeter of 100 mm was cut from each
surface-treated test sheet and forned into a cup under conditions: a
punch di aneter of 50 mm a die 15 dianeter of 51.91 nm and a bl ank
~holding force of | ton. The appearance of the drawn surface of the
formed product (side surface of the cup) was visually inspected and
was evaluated in ternms of how scratched it was and how bl ackened it
was. The follow ng evaluation criteria were used. 20 Excellent:

al nrost no change over the entire surface, uniform gppepLanegpsaedpss
slightly scratched and bl ackened and «j early nonuniform appear ance
Fair: severely scratched and bl ackened mainly in corner 25 portions
Qur Ref.2009S02035 - 56 - Poor: cracked and the form ng was not

achi evedel6US2RtTRE results of the eval uations (5-1) to (5-4) in

terms of the %alvanlzed steel sheets obt%Pned with the surface- 5
t r eat meRPCdgeREL 2B EREIIFEd 2 RAERANIEES T1e8 8P %arddcorp &5afidrE

exanples 82 tq 3 .are  described _in Tabl hbte t hat,. i
Conpar afPeé&: e?&#ﬁpé§a§9°8n&rf§1° tﬁ@sﬁrggﬁﬁeﬁp s G fm%ﬁﬁsﬁﬁﬁe}d° or
unstable and filns were not fornmed. Thus, the eval uations were not

perfor n@&relo[ooss] Qur Ref.2009S02035 - 57 - Table 3 No 1 Test

con n Corrosion_r S|stance Adhesj.on _Caontinuity Storage stability
Lubr ? EXaﬁﬁﬁ?mf @blgn Egﬁle%tﬁéxcéﬁIen%eExceIIent Good Exanple 2

ExceIIeEb Eéﬁellent Excel | ent Excel |l ent Good Exanpl e 3 Excell ent
Excel | ent el l ent Excellent Good Exanple 4 Excellent Excellent

Excelleg?_ggc§gégggt§%9d Ei% Le pifexcel l ent Excel lent Excellent

Excel | e e 6 ent Excell ent Excell ent Excell ent Good

Exanpl e 7 EXﬁ&!:heeésgxgﬁééen&aEXEeghsakeEXwI henatusead Bxarrle 8
Excel | ent Excel

resistivity thereof with an ESP probe of a Loresta GP
10 manufactured by Mitsubishi Chemical Analytech Co., Ltd.
Surface resistivity was measured every time when the lcad on
the probe was increased by 50 g and the evaluation was
performed on the basis of the minimum load under which 107 Q
or less was achieved.
15 Excellent: average load of 10-point measurement was less
than 250 g
Very good: average load of 10-point measurement was 250 g or
- more and less than 500 g
Good: average load of 10-point measurement was 500 g or more
20 and less than 750 g
Fair: average load of 10-point measurement was 750 g or more
and less than 950 g
Poor: average load of 10-point measurement was 950 g or more
(00803

25 (5-4) Evaluation of storage stability



Very good Excell ent Good Exanple 9 Good Excel |l ent Excellent Excellent
Good Exanpl e 10 Excel |l ent Excellent Excellent Excellent Good Exanple
11 Excel l ent Excellent Excellent Excellent Good Exanple 12 Excell ent
Excel | ent Excel |l ent Excellent Good Exanple 13 Excel |l ent Excel |l ent
Excel | ent Excel |l ent Good Exanpl e 14 Excellent Excellent Excellent
Excel | ent Good Exanpl e 15 Excel |l ent Excel |l ent Excel |l ent Excel | ent
Good Exanpl e 16 Excellent Excell ent Excellent Excellent Good Exanple
17 Excellent Excellent Excellent Excellent Good Exgﬁylﬁe§8zggggbbg@g
Excel'l ent Excellent Excellent Good Exgml e 19 Excel |l ent Excell ent
Excel |l ent Excell ent Good Exanpl e 20 Excel | ent

10

15

20

25

The surface-treatment agents having compositions
described in Table 1 were stored in a constant temperature
chamber at 40°C for 30 days. The appearance of the surface-
treatment agents was evaluated by visual inspection.
Excellent: no change
Good: very small amount of precipitation
Fair: small amount of precipitation or an increase in
viscosity to some extent
Poor: large amount of precipitation or gelation
[0081]

(5-5) Evaluation of lubricity

A disc-shaped specimen having a diameter of 100 mm was
cut from sach surface-treated test sheet and formed into a
cup under conditions: a punch diameter of 50 mm, a die
diameter of 51.91 mm, and a blank holding force of 1 ton.
The. appearance of the drawn surface of the formed product
(side surface of the cup) was visually inspected and was
evaluated in terms of how scratched it was and how blackened
it was. The following evaluation criteria were used.
Excellent: almost no change over the entire surface, uniform
appearance
Good: slightly scratched and blackened and clearly
nonuniform appearance
Fair: severely scratched and blackened mainly in corner

portions



Excel | ent Excell ent Excellent Good Exanple 21 Excell ent Excell ent
Excel | ent Excel |l ent Good Exanple 22 Good Good Excel |l ent Excel | ent
Good Exanpl e 23 Excell ent Excell ent Excellent Excellent Good Exanple
24 Excel l ent Excel |l ent Excel l ent Excell ent Good Exanple 25 Good
Excel | ent Very good Excell ent Good Exanple 26 Excell ent Excell ent
Excel | ent Excel |l ent Good Exanpl e 27 Excell ent Good Excel | ent
Excel l ent Good Exanpl e 28 Good Excel |l ent Excel | entt Excell ent Good
Exanpl e 29 Excel |l ent Excell ent Excell ent Excel | entoieodeExanpben3d@ss
Excel | ent Excel | ent Excel | ent Excelleq¢ .Good Exanple 31 Excel |l ent
Excel | ent Excell ent Excellent Good Exanple 32

10

Poor: cracked and the forming was not achieved
[0082]

The results of the evaluations (5-1) to (5—4) in terms
of the galvanized steel sheets obtained with the surface-
treatment agents described in Examples 1 to 81 and
Comparative examples 82 to 103 are described in Table 3.

Note that, in Comparative examples 89 and 101, the
treatment solutions were unstable and films were not formed.
Thus, the evaluations were not performed.

[0083}



Excel | ent - Excel | ent Excel l ent Excel |l ent Good Exanpl e 33 Excel | ent
Excel | ent Excel |l ent Excellent Good Exanpl e 34 Excell ent Excell ent
Excel | ent Excell ent Good Exanpl e 35 Excell ent Excellent Excellent
Excel | ent Good Exanpl e 36 Excel |l ent Excellent Excell ent Excellent
Good Exanpl e 37 Excellent Excellent Excellent Excellent Good Exanple
38 Excel |l ent Excellent Excellent Excellent Good Exanple 39 Excell ent
Excel | ent Excel |l ent Excel | ent Good Exanple 40 Good Excell ent
Excel | ent Excel |l ent Good Exanpl e 41 Excel |l ent Excepl;gnkeEXeehbenbpss
Excel | ent Good Exanple 42 Good Excel Ient_ Excel | ent Excel |l ent Good
Exanpl e 43 Excel |l ent Excell ent Excellent Excellent Good Exanple

[Table 3 (No. 1)]

Corrosion . . Storage ..
Test condition resistance Adhesion | Continuity stability [ ubricity
Example 1 Good Excellent { Excellent | Excellent Good
Example 2 | Excellent | Excellent | Excellent | Excellent Good
Example 3 | Excellent | Excellent | Excellent | Excellent Good
Example 4 | Excellent | Excellent | Excellent | Excellent Good
Example 5 | Excellent | Excellent | Excellent | Excellent Good
Example 6 | Excellent | Excellent | Excellent | Excellent Good
Example 7 | Excellent | Excellent | Excellent | Excellent Good
Example 8 | Excellent | Excellent { Very good | Excellent Good
Example 9 Good Excellent | Excellent | Excellent Good
Example 10 | Excellent | Excellent | Excellent | Excellent Good
Example 11 | Exeellent | Excellent | Excellent | Exceilent Good
Example 12 | Excellent | Excellent | Excellent | Excellent Good
Example 13 | Excellent | Excellent | Excellent | Excellent Good
Example 14 | Excellent | Excellent | Excellent | Excellent Good
Example 15 | Excellent | Excellent | Excellent | Excellent Good
Example 16 | Excellent | Excellent | Excellent | Excellent Good
Example 17 | Excellent | Excellent | Excellent | Excellent Good
Example 18 | Excellent | Excellent | Excellent { Excellent Good
Example 19 | Excellent | Excellent | Excellent | Excellent Good
Example 20 | Excellent | Excellent | Excellent | Excellent Good
Example 21 | Excellent | Excellent | Excellent | Excellent Good
Example 22 Good Good Excellent | Excellent Good
Example 23 | Excellent | Excellent | Excellent | Excellent | Good
Example 24 | Excellent | Excellent | Excellent | Excellent Good
Example 25 Good Excellent | Very good | Excellent Good
Example 26 | Excellent | Excellent | Excellent | Excellent Good
Example 27 | Excellent Good Excellent | Excellent Good
Example 28 Good Excellent | Excellent | Excellent Good
Example 29 | Excellent { Excellent | Excellent | Excellent Good
Example 30 | Excellent | Excellent | Excellent | Excellent Good
Example 31 | Excellent | Excellent | Excellent | Excellent Good
Example 32 | Excellent | Excellent | Excellent | Excellent Good
Example "~ 33 | Excelient | Excellent | Excellent | Excellent Good
Example 34 | Excellent | Excellent | Excellent | Excellent Good
Example 35 | Excellent | Excellent | Excellent | Excellent Good
Example 36 | Excellent | Excellent | Excellent | Excellent Good
Example 37 | Excellent | Excellent | Excellent | Excellent Good
Example 38 | Excellent | Excellent | Excellent | Excellent Good
Example 39 | Excellent | Excellent | Excellent | Excellent Good
Example 40 Goed Excellent | Excellent | Excellent Good
Example 41 | Excellent | Excellent | Excellent | Excellent Good
Example 42 Good Excellent | Excellent | Excellent Good
Example 43 | Excellent | Excellent | Excellent | Excellent Good
Example 44 | Excellent | Excellent | Excelient | Excellent Good
Example 45 | Excellent | Excellent | Excellent | Excellent Good




44 Excel | ent Excel l ent Excell ent Excell ent Good Exanpl e 45 Excel |l ent
Excel | ent Excell ent Excellent Good Qur Ref.2009S02035 - 58 - Table 3
(No. 2)] Test condition Corrosion resistance Adhesion Continuity
Storage stability Lubricity Exanple 46 Excellent Excellent Excellent
Excel | ent Good Exanpl e 47 Excel |l ent Excell ent Excell ent Excell ent
Good Exanpl e 48 Excell ent Excellent Very good Excel |l ent Good Exanpl e
49 Excel l ent Good Very good Excel |l ent Good Exanpl e 50 Excellent Good
Good Excel I ent Good Exanple 51 Good Excellent Excely.gn Eg@?qg?y2035
Good Exanple 52 Excell ent Excell ent E$ el | ent Excellent

53 Excel | ent Excel | ent Excel |l ent Excellent Good Exanple 54

[Table 3 (No.2)]

: Corrosion , . Storage . .
Test condition resistance Adhesicn | Continuity stability Lubricity
Example 46 | Excellent | Excellent | Excellent | Excellent Good
Example 47 | Excellent | Excellent | Excellent | Excellent Good
Example 48 | Excellent | Excellent | Very good| Excellent Good
Example 49 | Excellent Good Very good | Excellent Good
Example 50 | Excellent Good Good Excellent Good
Example 51 Good Excellent | Excellent | Excellent Good
Example 52 | Excellent | Excellent | Excellent | Excellent Good
Example 53 | Excellent | Excellent | Excellent | Excellent Good
Example 54 | Excellent | Excellent | Excellent | Excellent Good
Example 55 Good Excellent | Excellent | Excellent Good
Example 56 | Excellent | Excellent | Excellent | Excellent Good
Example 57 | Excellent | Excellent | Excellent | Excellent Good
Example 58 | Excellent | Excellent | Very good| Excellent Good
Example 59 | Excellent | Excellent | Excellent | Excellent Good
Example 60 Fair Excellent | Excellent | Excellent | Good
Example 61 | Excellent | Excellent | Excellent | Excellent Good
Exarnple 62 Good Excellent | Excellent | Excellent Good
Example 63 | Excellent | Excellent | Excellent | Excellent Good
Example 64 | Excellent | Excellent }| Excellent | Excellent Good
Example 65 Good Excellent | Excellent | Excellent Good
Example 66 Fair Excellent Good Excellent Good
Example 67 | Excellent | Excellent | Excellent | Excellent Good
Example 68 | Excellent | Excellent | Excellent | Excellent Good
Example 69 Good Excellent | Excellent | Excellent Good
Example 70 Good Excellent Fair Excellent | Excellent
Example 71 i Excellent | Excellent | Excellent | Excellent Good
Example 72 | Excellent | Excellent | Excellent | Excellent Good
Example 13 | Excellent | Excellent | Excellent | Excellent Good
Example 74 Good Excellent | Excellent | Excellent Good
Example 15 Fair Excellent | Very good| Excellent | Excellent
Example 76 | Excellent | Excellent | Excellent | Excellent | Excellent
Example 77 | Excellent | Excellent | Excellent | Excellent | Excellent
Example 18 | Excellent | Excellent | Very good | Excellent | Excellent
Example 79 | Excellent Good Good Excellent | Excellent
Example 80 | Excellent Good Fair Excellent | Excellent
Example 81 Good Excellent | Very good Good Excellent
Comparative example| 82 Poor Fair Very guod Good Good
Comparative example| 83 Good Fair Poor Good Fair
Comparative example| 84 Poor Fair Poor Excellent Poor
Comparative example] 85 Fair Poor Very good Fair Fair
Comparative example] 86 Poor Fair Very good Fair Good
Comparative example| 87 Poor Fair Very good Fair Good
Comparative example] 88 Poor Fair Very good | Excellent Poor
Comparative example] 89 ~ - - Poor —
Comparative example] 90 Poor Fair Very good| Excellent Good




Excel |l ent Excel |l ent Excellent Excellent Good Exanpl e 55 Good
Excel |l ent Excel |l ent Excellent Good Exanpl e 56 Excell ent Excel |l ent
Excel | ent Excell ent Good Exanple 57 Excellent Excellent Excellent
Excel | ent Good Exanpl e 58 Excel |l ent Excell ent Very good Excel |l ent
Good Exanpl e 59 Excellent Excellent Excellent Excellent Good Exanple

60 Fair Excellent Excellent Excellent Good Exanple 61 Excell ent
Excel | ent Excel |l ent Excel | ent Good Exanple 62 Good Excell ent
Excel | ent Excel | ent Good Exanple 63 Excell ent Exce@ﬁgnﬁegkg@bbgogo35
Excel |l ent Good Exanpl e 64 Excell ent_ el l ent Excel | ent Excel | ent
Good Exanpl e 65 Good Excell ent Excell'ent Excellent Good Exanple

[Table 3 (No. 3)]

Test condition C°!”°S'°" Adhesion | Continuity Stor_a B¢ Lubricity
resistance stability

Comparative example| 91 | ~ Good Fair Poor Fair Good
Comparative example| 92 Poor Poor Poor Excellent Good
Comparative example| 93 Poor Poor Poor Excellent Good
Comparative example] 94 Poor Good Excellent | Excellent Poor
Comparative example| 95 | Excellent Fair Poor Excellent Good
Comparative example| 96 Poor Good Excellent | Excellent Fair
Comparative example| 97 | Excellent Fair Poor Excellent | Excellent
Comparative example| 98 Poor Fair Fair Fair Good
Comparative example} 99 Poor Fair Fair Excellent Good
Comparative example[ 100 Poor Poor Good . Fair Poor
Comparative example] 101 - - - Poor -
Comparative example] 102 Poor Fair Fair Excellent Good
Gomparative example] 103 Poor Fair Fair Good Good

[0084]
As described in Table 3, galvanized steel sheets
according to the present invention can be provided, the
5 galvanized steel sheets having various properties such as
corrosion resistance and adhesion and allowing fox excellent
continuity under a condition in which the steel sheets are
in contact with gaskets or the like at a low contact
pressure. Galvanized steel sheets allowing for excellent
10 continuity according to the present invention have films
completely free from regulated substances causing pollution
such as hexavalent chromium and hence are optimal as
galvanized steel sheets used for parts of automobiles,
household electrical appliances, and OA equipment.
15 [Industrial Applicability}
[0085]

A galvanized steel sheet can be provided that has a



66 Fair Excellent Good Excellent Good Exanple 67 Excellent Excellent

Excel | ent Good Exanpl e 68 Excell ent Excellent Excellent
Good Exanpl e 69 Good Excel |l ent Excellent Excell ent Good

Exanpl e 70 Good Excel lent Fair Excellent Excellent Exanple 71

Excel | ent
Excel | ent
Excel | ent
Excel | ent
Excel | ent
Excel | ent
Excel | ent
Excel | ent
Excelleg

Excel l.ent Excel |l ent Excellent Good Exanple 72 Excel | ent
Excel | ent Excel |l ent Good Exanple 73 Excellent Excellent
Excel l ent Good Exanple 74 Good Excel |l ent Excel | ent

Good Exanple 75 Fair Excellent Very goodoExcekEenpbosso203s
Exanpl e 76 Excel | ent Excel Ignt- Excel | ent Excel | ent

Exanpl e 77 Excel |l ent Excell ent Excellent Excell ent

Elm completely free from regulated substances causing

pollution such as hexavalent chromium, has various

properties such as corrosion resistance and adhesion, and

allows for excellent continuity without degrading corrosion

5 resistance even under a severe condition in which the steel

sheet is in contact with a gasket or the like at a low

contact pressure.



Exanpl e .78 Excell ent Excellent Very good Excellent Excellent Exanple
79 Excellent Good Good Excel |l ent Excellent Exanple 80 Excell ent Good
Fair Excel |l ent Excell ent Exanple 81 Good Excellent Very good Good
Excel | ent Conparati ve exanple 82 Poor Fair Very good Good Good
Conpar ati ve exanple 83 Good Fair Poor Good Fair Conparative exanple
84 Poor Fair Poor Excellent Poor Conparative exanple 85 Fair Poor
Very good Fair Fair Conparative exanple 86 Poor Fair Very good Fair
Good Conparative exanple 87 Poor Fair. Very good Fajhr £8€d2009502035
Conpar ati ve exanpl e 88 Poor Fair Veryggoaod Excel |l ent Poor Conparative
exanple 89 - - - Poor

CLAIMS
fClaim 1]
A galvanized steel sheet comprising a surface-treatment
film having a coating weight of 50 to 1200 mg/m? relative to
5 a surface of the galvanized steel sheet, wherein the
surface-treatment film is obtained by applying a surface-
treatment agent to the surface-of the galvanized steel sheet
and drying the surface-treatment agent by heating; and the
surface-treatment agent is prepared so as to contain a
10 water-soluble zirconium compound (A), a tetraalkoxysilane
(B}, an epoxy-group-containing compound (C), a chelating
agent (D), a vanadate compound (E), and a metal compound (F)
containing one or mere metals selected from the group
consisting of Ti, Al, and Zn, to have a pH of 8 to 10, and
15 to satisfy conditions (I) to (V) below,
Note
(I) a ratio (A/B) of a mass of the water-soluble
zlrconium compound {A) in terms of Zr to a mass of the
teﬁraalkoxysilane (B} is 1.0 to 6.0;
20 (II) a ratio (B/C) of the mass of the tetraalkoxysilane
(BY to a mass of the epoxy-group-containing compound (C)} is
0.1 to 1.6;
(ITI) a ratio (B/D) of the mass of the
tetraalkoxysilane (B) to a mass of the chelating agent (D)

25 is 0.3 to 2.0;



- Conparative exanple 90 Poor Fair Very good Excellent Good CQCur

Ref . 2009S02035 - 59 - Table 3 No 3)] Test condition Corrosion

resi stance Adhesion Continuity Storage stability Lubricity
Conparative exanple 91 - Good Fair Poor Fair Good Conparative exanple
92 Poor Poor Poor Excellent Good Conparative exanple 93 Poor Poor
Poor Excel |l ent Good Conparative exanple 94 Poor Good Excell ent
Excel | ent Poor Conparative exanple 95 Excel |l ent Fair Poor Excell ent
Good Conparative exanple 96 Poor Good Excel |l ent Exogll ref.Fa0ops02035
Conpar ati ve exanpl e 97 Excel |l ent FairgZPaor Excel |l ent Excell ent
Conpar ati ve exanple 98 Poor Fair Fair Fair Good Conparative exanple

99 Poor Fair(f?graE¥§€£ée?é/S?ogf a mass of the vanadate compound
(E) in terms of V to the mass of the chelating agent (D) is
0.03 to 1.0; and
(V) a ratio (F/D) of a totai metal mass of the metal
5 compound (F) to the mass of the chelating ageht (D) is 0.05
to O.8.
[Claim 2]
The galvanized steel sheet according teo 'Claim 1,
wherein the coating welght relative to the surface is 50 to
i0 500 mg/m®.
[Claim 3]
The galvanized steel sheet according to Claim 1 or 2,
wherein the surface-treatment agent further contains a
lubricant (G} and a content of the lubricant (G) is 1 to 10
15 mass% relative to a total solid content of the surface-
treatment agent:
[Claim 4]
The galvanized steel sheet according to any one of
Claims 1 to 3, wherein the surface-treatment agent further
20 contains a nonionic acrylic resin emulsion {H) and a content
of the nonionic acrylic resin emulsion (H) is 0.5 to 45.0
mass% relative to a total solid content of the surface-
treatment agent.
[Claim 5]

25 The galvanized steel sheet according to Claim 4,



Conpar ati ve exanpl e 100 Poor Poor Good . Fair Poor Conparative exanple
101 - - - Poor - Conparative exanple 102 Poor Fair Fair Excellent
Good Conparative exanple 103 Poor Fair Fair Good Good [0084] As
described in Table 3, galvani zed steel sheets according to the
present invention can be provided, the 5 gal vani zed steel sheets
havi ng various properties such as corrosion resistance and adhesion
and allowi ng for excellent continuity under a condition in which the
steel sheets are in contact with gaskets or the |ikaraRed&.bo@ssortoast
pressure. Gal vani zed steel sheets all@svng for excellent 10
continuity according to the present invention have filns conpletely
free fromregul ate c%%%stn[%”%%s (AU %%o%ol"g}dgﬂ %%%I he‘?ﬁiﬁ" e”t
chromi uff'&A ence are optimal as ga vani'ze ee S6ts used

parts of, au bil heu l.d 1 .C | i

equi prre F? Lngman ugt%r |4a% %%%I cé’% %Cttl e aé@o%@% &%% vani zed@q

sheet cg? Qﬁep% %E%%%—Eﬂ%%t%% +a Ref 2009802035 - 60 - fllm
conpletely free fromregulated su stances causing pol lution such as
hexaval ent chrom um has various properties such as corrosion

resi stance and adhesion, and allows for excellent continuity w thout
degradi ng corrosion 5 resistance even under a severe condition in
which the steel sheet is in contact with a gasket or the like at a

| ow contact pressure. Qur Ref.2009S02035 - 61 - CLAIMS [C aim 1]

A gal vani zed steel sheet conprising a surface-treatnent filmhaving a
coating weight of 50 to 1200 ng/nR2 relative to 5 a surface of the

gal vani zed steel sheet, wherein the surface-treatnent filmis
obt ai ned by applying a surface-treatnent agent to the surface of the
gal vani zed steel sheet and drying the surface-treatnent agent by
heating; and the surface-treatnent agent is prepared so as to contain
a 10 wat er-sol ubl e zirconiumconpound (A), a tetraal koxysil ane (B)

an epoxy- group-contai ni ng conpound (C), a chelating agent (D), a
vanadat e conpound (E), and a netal conpound (F) containing one or
nore netals selected fromthe group consisting of Ti, A, and Zn, to
have a pH of 8 to 10, and 15 to satisfy conditions (1) to (V) bel ow,
Not e (I') aratio (A/B) of a mass of the water-soluble zirconium
compound (A) in ternms of Zr to a nmass of the tetraal koxysilane (B) is
1.0 to 6.0; 20(Il) aratio (B/C of the mass of the tetraal koxysil ane
(B) to a nass of the epoxy-group-containing compound (C) is 0.1 to
1.6; (I11) aratio (B/D) of the mass of the t et raal koxysi | ane
(B) to a mass of the chelating agent (D) 25is 0.3 to 2.0; CQur

Ref . 2009S02035 - 62 - (I'V) aratio (E/D) of a mass of the
vanadat e conpound (E) in terns of Vto the nass of the chelating
agent (D) is 0.03 to 1.0; and (V) aratio (F/D of a total
metal mass of the netal 5 conmpound (F) to the nmass of the chelating
agent (D) is 0.05to 0.8. [Cdaim?2] The gal vani zed stee

sheet according to aim1l, wherein the coating weight relative to
the surface is 50 to 10 500 ng/n2. [C aim 3] The gal vani zed
steel sheet according to Claim1l1l or 2, wherein the surface-treatnent
agent further contains a lubricant (G and a content of the |ubricant
(G is 1to 10 15 nass%relative to a total solid content of the
surface-treatnent agent. [Claim4] The gal vani zed steel sheet
according to any one of Clains 1 to 3, wherein the surface-treatnent
agent further 20 contains a nonionic acrylic resin emulsion (H and a
content of the nonionic acrylic resin emulsion (H is 0.5 to 45.0
mass%relative to a total solid content of the surface-treatnent
agent. [Caim5] 25The gal vani zed steel sheet according to C aim4,
Qur Ref.2009S02035 - 63 - wherein the content of the nonionic acrylic



