- 1 - DESCRIPTION Title of Invention HOT-D P GALVANI ZED STEEL SHEET AND METHOD
FOR PRODUCI NG THE SAME Technical Field [0001] The present invention
relates to a method for producing a hot-dip gal vani zed steel sheet, and
particularly to a production nethod capable of providing a hot-dip gal vani zed
steel sheet having a uniform surface appearance, excellent conductivity and
corrosion resistance, and a chromate-frge surface treatment coating film
Background Art [0002] Hot - di p gal vani zed steel sheets have been used as
steel sheets for hone electric appliances, steel sheets for building
materials, and steel sheets for autonobiles. However, el ectrogal vani zed st eel
sheets are mainly used for applicabFoPRIBLEANas casings of hone electric

appl iances, in which a surface appearance is regarded as being inportant, but
hot - di p gal vani zed steel sheets are little used because unlike

el ectrogal vani zed steel sheets, a_uniformsurface aEpearance cannot he
obt ai ned 8HBL¢ 005 pARGFREpaRt BPRSDEF GREYANAGHES PERELHGREGEr ANy PMEGHPD

gal vani zed steel sheets can_be produced through an annealing step and a
coating sF@B FROBHEINEn&M s pelEcol d rolling and thus can be produced at | ower
cost than el ectrogal vani zed steel sheets produced through an annealing step
and an el ectrogal vani zation step in different lines after cold rolling.
ThereforeT Eﬁnggg apggf-nentioned probl em can be resol ved, hot-dip gal vani zed
steel sheefs are Fomer-gost mat eri al s than el ectrogal vani zed steel sheets for
applicatigagoﬁgch as castings for home electric appliances. [0003] On the
ot her hand, there have recently been devel oped techni ques for inproving a

surface appeaﬁﬂﬂ??ﬂ%@éﬂ@a{ﬂ%éﬂtféﬁdféféﬂégegorQUﬂéeﬁéa EQrapgahyaninzed
surface of a hot-dip gal vani zed steel sheet. For exanple, Patent Literature 1

di scl osesyantechnpayge1faniachi e¥iRY anekRi f ahe spukface1appearancge required for
aut onobi l e applications, particular for decreasing "a feel of roughness", by

control |'i ?Qoﬁﬁﬂt@bhi netRABancepuphaess Paocandimgan peakdspaciangasmafdthe
surface of a hot-dip gal vani zed coating filmin predeterm ned ranges. In

addi ti on, sPatenthkktenatting 2 dnscbesesuafheehnipgee rhoicel, Mer@dingrahar pness
after painting by adjusting roughness paraneters, such as WEI (height of
filtered centiectinetwavnnessyrasdoBPlegnuiberceof apelaks cbfr opragjeedireans wit hin a
predeterm ned range) of a coated surface, within predeterm ned ranges.

surface treatment coating film.

Background Art

[0002]

Hot-dip galvanized steel sheets have been used as steel

sheets for home electric appliances, steel sheets for

building materials, and steel sheets for automobiles.

However, electrogalvanized steel sheets are mainly used for

applications such as casings of home electric appliances, in

which a surface appearance i1s regarded as being important,

but hot-dip galvanized steel sheets are little used because

unlike electrogalvanized steel sheets, a uniform surface

appearance cannot be obtained due to spangle patterns or

dross adhesion. However, hot-dip galvanized steel sheets



r 00041 Patent Literatures 1 and 2 do not describe conductivity and
corrosion resistance of hot-dip gal vani zed steel sheets. Wth respect to
corrosion resistance, there has been a techni que of securing white rust

resi stance by coating a gal vanized surface with a chem cal conversion coating
film and corrosion resistance has been achieved by chromate treatnent with a
treatment solution containing chromc_agid, dichromc acid, or a salt thereof
as a nmai n conponent. [0005] Chromat e treat nent uses hoxaval ent chrom um
which is a pollution control substance, but hexavalent chromumis treated in

a cl osed sgsten1|n a treatnment process and conpletely reduced and recovered
wi t hout bEPRgPRePEREEGeEo R ARt @PaP REALANI 5 L&BIPTICoR, CSRrtdmQritedrisi on

froma chromate oatln filmcan subst a t| Iy co etely ellnlnated by the
action of *8e8f'Fn lﬁﬁtﬁ ﬁroFﬁial g&épﬂnangi ﬁPstﬁépwgf GG S st ant i al |y

Il f b h I ch
ovever . FPBRTLRESH: GAAG: A S6E PEBLRERAFatar RV PBREAR A S Ems, uSe of
nexaval ent, shr,gf Uil Lends 1oV al Uunt 3Pkl uodBsLEIca9d oduSts Leng not to

contain hexava FoM um & h~as possi n order to

prevent the 8%%?&&%&%619 e@hb%@errggﬁdOQ09§E% “'Z?He§éf8k ??t§Pr”B”y

treatnent techniques w thout chromate treatnent

teChn'qUeﬁbob@VﬁeQQQBnQHOBQBEQemAEaﬁXngE%s%ﬁg%ge L eehni; u%%lﬁ%ﬁf&é&rn]a

surface treatment coating filmon a galvani zed st eel she t “using an 1norganic
conpound, saBe@r gﬁ@l&%sCQEBOQ!BQeraBo@Egﬁﬁt%rﬁ(a'l)én'%ha'ﬁmegrécﬁ;lnog%rl\%rﬁ sition
contai ning a conbination thereof. [0007] However, it is difficult for

convent i opakethspeetkr €ert aphniiguesohe sathshy l@@tsk&lh@% Fduednevi ty and
corrosion resistance of a surface-treated hot-di p gal vani zed steel sheet

havi ng a sletacéct npalitrenteeoating filmfurther fornmed on a gal vani zed st eel
sheet. A typical chromate-free surface treatnent agent inparts corrosion

resi stancé0B93form ng a dense reaction layer with zinc of the surface of a
gal vani zed steel sheet. Therefore, when a surface treatnent agent having high
reactivity to @ndediwantzed samflacehése usedef oecehtbpabeehr deveideatnent cf a
hot -di p gal vani zed steel sheet which is provided with proper irregularities in
- consi deFafhphadeessiiptaéapappéarancelrdarhi ebreoaringg bivl mripsftommed on the
gal vani zed surface, and thus excellent corrosion resistance is exhibited, but
sati sf act BF§CebRaUENPd £9UERRREE be Bbpailiedize ehe fecreothandotwdim a
surface treatment agent having low reactivity to a coating is used,
particulagﬁivaﬁlFﬁ?nsEﬁﬁgl ABSFEl m [T fof#BRlen Rateng Literature 1

discloses a technique for achieving a uniform surface
appearance required for automobile applications, particular
for decreasing "a feel of roughness", by controlling
centerline mean roughness Ra and mean peak spacing Sm of the
surface of a hot-dip galvanized coating film in
predetermined ranges. In addition, Patent Literature 2
discloses a technique for improving sharpness after painting
by adjusting roughness parameters, such as Wca (height of
filtered centerline waviness) and PPI (number of peaks of
projections within a predetermined range) of a coated

surface, within predetermined ranges.



projecting portion, and excellent conductivity is achieved, hut satisfactory
corrosion resistance cannot be obtained, [0008] As descri bed above, a
hot - di p gal vani zed steel sheet satisfying all of such a uniformsurface
appearance that it can be applied to casings of hone electric alliances, and
excel l ent conductivity and corrosion resistance has not been produced. The
present invention is ainmed at resol vingsthis problem [0009] I n addition,
with respect to conventional chrone-free surface treatnent agents, problens
descri bed bel ow, which have been unrecogni zed, are being newy recognized.

[ 0010] A first problemis to inprove corrosion resistance at a processed
portion oft 0894dr f ace- t r eat ed gal vani zed steel sheet. A surface-treated

I d hee , di | d
Porma éfodﬁiffar%nﬁ %a‘magéffi%??ic@%é 28angh anr2ehosPeBRvsiRegt b toatf ng
th f i d b ti tended. I.n thi th f
{reat ment “CHabP G HIOM 1S SGXEERGE W £ HE Poohcr 76 4 S RGRd (o
NP Ose el YARLEY S LAGG LR SRR (AR LBy ol e oration 1n

corrosion resista exposed portion.” I'n partlc ™ @ he case of

bendi ng, ¢aERAS L0 to&este gan%n%ﬁ%_t 'r%%tC%g, (MUY OO RS Pt | 0cal 1Y

occurs as I n ext usi on, us It 1s ver COI’I’OSiOﬂ

r esi st ancgaatahhe chr acessed pLhl an HkA0LL) conve/is%qlora%na%ggd to secure

solvent résistance of a surface treatnment coating fil proceSS|ng

step, oil agHaich radRebnngeks sthe ceoabisn®elknl MSUhRCe B R witten with
a magi c marker may be wi ped off with a solvent. In this case, the phenonenon

of peelingreatwlinti $htdi scekehahican Gwhhierinn@ondf itthe (s wHee d reafaent
coating filmw th the solvent is often observed. Peeling of the surface

t r eat ment déeatrong cf blcidyrakes al tallpossirklod e achiagve ceafdosdman resi st ance of
the (surface-treated) gal vani zed steel sheet, while whitening of the surface
treat ment {60&@biing fil m degrades the appearance quality. [0012] Athird
problemis to secure paintability of the surface treatnment coating film The
surface-treat edhpaheyhni tedatneet sheet hprovessatl abrdasomi bedcabdwe aray be
surface-washed with an al kaline cleaner (al kaline degreasing) and then
pai nt ed. PRéfetdpa, cappeprlcsoabistgneai nalsi hiekyp vafleert albikaininen deyr easi ng may
be required. However, under the present situation, known docunents of

i nvesti gatF8ALEE fhi § FrEPEFt pyareman Pol@ateataprocess and

completely reduced and recovered without being released to
the natural world. In addition, chromium elusion from a
chromate coating film can be substantially completely
eliminated by the action of sealing with an organic coating
film, thereby causing substantially no pollution of
environments and human bodies with hexavalent chromium.
However, from the viewpoint of recent global environmental
problems, use of hexavalent chromium tends to voluntarily
decline, and products tend not to contain hexavalent
chromium as much as possible.

[0006]

Therefore, in order to prevent the occurrence of white



- 7- A fourth problemis to satisfy both the corrosion resistance of the
surface treatnent coating filmand the storage stability of the surface
treatment agent. Recent chronmate-free techniques nost frequently use a
so-call ed application type in which the surface treatnment coating filmis
formed by application to the gal vani zed steel sheet and then drying. In order
to inpart a barrier effect to the thus-fornmed surface treatnent coating film
the surface treatnent coating filmis required to have predeterm ned water
resistance. This is because the surface treatment coating filmwhich is easily

re-dissolved in water has difficulty in securing corrosion resistance (barrier
effect). EHSEheNofRéVaRaRad ?Feﬁé PREGSEri BRPY FAEEIFTERT (RS f ace

d { ni |
br edet or i ADEOR AL PR RRAC Bat SR AETE P SY of el - TAEECORE st Er O st | s
desired t be tgbl storgg MB£ qgt deteri aﬁlqg ver a Iong eriod of time
even when @75 BACAt PE8PPEC4000 0 FHEP Le sUpt 1B of NRUFHEP t8rbEr S0aRe, The
storage SEthHF}aXer %Qghl’tﬁéntchéog%gkﬁc%;LEL{}F%B”?héa%%S %ece%r event é—g from

t hi ckeni ng, g, Or preci sur ace reatnen IS
required ve . p n u her, t ty at
the tinme gglﬂgeggr%ﬁ?ghgﬁgbrgguﬁghga Qb BEQF%?S.%@% H@F a %Jﬁ;%ﬁﬁ%%@ of
time evenpgfLREShQEageal1l 0814L comBosition cgﬁgﬁlﬁﬁ%@pﬁe%dﬁk QFﬁﬂﬂﬁ?nt'onal
chr one- free echni que are given below. Patent Literature 3 discloses a nethod
in which ancagyeous sol ution containing water-dispersible silica, an al kyd
resin, and a trial koxysilane conpound is applied to a netal surface and then
dried to ffopova coating film In addition, Patent Literatures 4 and 5 disclose
a surface treatnment nmethod ainmed at inparting corrosion resistance to a
netal |l ic materfi@ledyr usingia aatretesotubbe cesveantoopesedhobma-ydeoxypyrone
conpound derivative, and a nethod for Inparting corrosion resistance to a
netal | i ¢ matknighessingsaniadqyebushsahet condof-tavhygr exys toprenes iconpound or a
wat er - di spersi bl e polyner. Further, Patent Literature 6 discloses a technique
usi ng a suebaetanreabfrent sagéntectmeaitridngoandagueeldyangsien] sdaldloi dal silica,
and ammoni um vanadate at a specified ratio. However, any one of these

t echni quesheannbevieach chefdevelopatnensf caatéani rfglm [farwiicoh foamdse
replaced for a chromate coating filmin order to inpart corrosion resistance.
[0015]  ©on pag@hvapitefaptirel7shiestl-osksterieehnfaaemprbp-4rsarface treat ment
coating film.containing an organic¢c resin and a thiocarhonyl group-containing
conpound, SHE?aESrFS@PBWGPEsﬁgﬁﬁﬁcémgﬁFéﬁ SPREPSAETNIEGreadiang s Y

unsati sfact or Patent Literature 8 disclgses tec ue for_treating a
surface o °5m¥ﬁ€t§I8ﬁP§?erﬁFPﬁ18nt e et oratront Com &R S lorban

resin, a S|hane co pl I|d | u rlcant us |ithium
silicate 98 U?Péﬁe ﬁ% %6 ?FSn r ?E? ﬁE%'aY %npﬁrFP5ﬁa5?ogg gﬁeﬁ§ bendi ng
b b t f d
ecores upSELLSLARL LY BeRaUSe BT, ROT 9ANLC LOTRANGAL SASIAY. agq?ggq & har

pol y stncean met al Cconfarnéd; “Secondar of a
coati ng i 3. dear aded. .Patent -Literabur e 9 dhscl 05eS 2t echn Yeformng a
resin coating using an aqueous resin Sol Gtion cont i ning a car boxy

gr oup- Congaeatnghﬂehyegegeeoedeesm@thapr ?QilﬁQQe ural iGarboxylic acid
copol ymer water dispersion solution [ artl s, an S|Iane coupling

agent at éoﬁ@@@éf:la%@oﬁab'fosu?lﬂac%ma‘}:ﬁ%@ar'é%%'es'[%nci%l@w cs‘dytrl% an esistance at
a processed portion are unsatisfactory.

formed on the galvanized surface, and thus excellent

corrosion resistance is exhibited, but satisfactory

conductivity cannot be obtained. On the other hand, when a

surface treatment agent having low reactivity to a coating

is used, particularly, a thin coating film is formed on a



Patent Literature 10 discloses a steel sheet having a coating fil mwhich
contains a urethane resin, a lubricant, an inorganic colloid conpound, and a
silane coupling agent at a specified ratio, but the steel sheet is designed on
t he assunption of el ectrodeposition coating and thus has excel |l ent

el ectrodeposition coating properties while satisfactory corrosion resistance
at a processed portion is not achieved.[0016] Patent Literature 11 discloses
a surface treatnment solution prepared by m xing a silane coupling agent with a
uret hane resin and adjusting the resultant m xture to pH 2.5 - 10 - to 1.5,
but corrosion resistance after al kaline degreasing is degraded, and sol vent
resi st ancBTP3CaF$BIURSAL L SPacEBry X Pal éRRELFPRAGEGAE 1LY disselcbdeyeal .t echni que

of fornlng a coating filmusing a treatnent solution which contains an aqueous
disperse B§|ﬁat%?fF€§°5¥rFP€F€§l°§nHe§hSBF@§ﬁ|Eapppéng?e°§ﬁaén§ﬁbC|fled
ratio, ﬁ §§5i03|0n resi stance at a processed portion is unsatisfactory.
Patent Lit8 res 13 and 14 disclose a technique of formng a coating film by

t t t | ut ich d
i sparai on. o 1 SITERELF S MU Spet Stor T4 < RERRPLEERI FhEoho8RES hhosphor | ¢
a0|q and/?5t§ Epgﬁghgﬁﬁ 89nggggd gngfgrﬁonggg geh%V|g 1 to fluorlne at ons
inits nolécule t ere i's roon1 or |nprovenent Pﬁ COrtT §ﬂ§tance

after al keghnsedsgﬁﬁggw 2BdsRRLO! BB Lbhy BecaUse ﬁl?ln'c%@t gy tage of

al kali resistance ten ure oses 'a echnlque of

form ng acgeatipgef EbAyUsERY: dyt LAGL FBRLoSObN! h:eelvgfa'a%ecwsaln%% g,heci T ed

resin conpound, a vanadi um conpound, and a netal conpound containing a

speci fi edppBtiakedbutTICOr OSEOR: I BSTStENGe af teImakkali pesdegr ggsingscannot be
achi eved gecause of insufficient alkali resistance, and the problem of easy
yel | owi ngpdupieg. heating is not resolved. Patent idteratute 16 discloses a
technique of formng- a coating filmusing a treatnent agent which contains a
specified[00091.1 - resin compound, a cation urethane resin containing a
cationic functional group, a silane coupling agent containing a reactive
functi onal group,addiiiconpolind, rantkan aci docoapoilndaat carspeeiff-eed rati o.
This technique can forma coating film having excellent corrosion resistance
and fingesprfacerESéstaﬁne agenhteor posbdrmeesiestanbedabdowal kaliiake
degreasing, corrosion resistance at a processed portion, and sol vent

resi st anceadeebnon bpvespiogaced, heavbagngooarilor rempoonve®sint in t hese
properties. Patent Literature 17 discloses a technique for a surface treatnent
agent cont@PhPhg at |east one aqueous resin selected fromcationic and

noni oni ¢ urethane resins, a specified resin
A first problem is to improve corrosion resistance at a

processed portion of a surface-treated galvanized steel

sheet. A surface-treated galvanized steel sheet is

processed (cutting, bending, or part welding) to form a
product. In bending a surface-treated galvanized steel

sheet, a coating on the surface side of a bend portion is
extended. In this case, the surface treatment coating film
is extended with the bending and is thus damaged to expose
the galvanized surface, thereby causing the problem of
deterioration in corrosion resistance at the exposed portion.

In particular, in the case of bending, damage to the film



conpound, a netal compound containing a specified netal, and water, but alkal
resi stance, corrosion resistance at a processed portion, and sol vent

resi stance are not investigated and are not sufficiently inproved. Patent
Literature 18 discloses a technique using a surface treatnent agent which
contains, at a specified ratio, a cationic urethane, a cationic phenol
condensate, and a conpound containing_ tjtaniumand a specified netal, but

sol vent resistance and paintability are not investigated and are not
sufficiently inproved. [0018] Further, any of the surface treatnent
agents of the conventional techniques containing a_silane coupling agent - 12
- tends t@®nRaveatbndseerhgeusuaby| PEYUrThehet ot eCady¥nOrFuLhe asuiface
treatnment agents 1- e no Eroblenlmjth appearance after storage, desired
char act er 3tresieanndbdbelebt aF nedl YArvaAytEASB4L hRd2FReéed¥Bove- nenti oned
probl ens are not investigated in. the conventional technic:loos. G tation List
Patent Lit8FaPatel Fepigtance atpfpe1PrygpanRedePOREXSN neti. Pat ent

Applicati f@ilication. No. 2004-21263 PTL 2: Japanese. Unexani ned
Pat ent . AEEP' tion Publication No 2006-61953 PTL 3; Japanese Unexam ned

Pat ent Application Publication No, 53-121034 PTL 1., Japanese_Exam ned
Pat ot App] .| Ght TS PUHT Qal Tbri Reh A poLvent 16s L5 caRBENEE%
surface treatment coating film. 1In the processing step, oil
stain adhering to the coating film surface or a symbol
written with a magic marker may be wiped off with a solvent.
In this case, the phenomenon of peeling or whitish
discoloration (whitening) of the surface treatment coating
film with the solvent is often observed. Peeling of the
surface treatment coating film makes it  impossible to
achieve corrosion resistance of the (surface-treated)
galvanized steel sheet, while whitening of the surface
treatment coating film degrades the appearance quality.
[0012]
A third problem is to secure paintability of the
surface treatment coating film. The surface-treated
galvanized steel sheet processed as described above may be
surface-washed with an alkaline cleaner (alkaline
degreasing) and then painted. Therefore, upper coating
paintability after alkaline degreasing may be required.
However, under the present situation, kn§wn documents of

investigation of this property are not found.

[0013]



PTL 5: Japanese Unexam ned Patent Application Publication No. 1-177380

PTI 6: Japanese Unexam ned Patent Application Publication No. 11-310757

PTL 7: Japanese Unexam ned Patent Application Publication No. 2000-248369

PTL 8: :Japanese Unexam ned Patent Application. Puhlication No. 11-58599 PTL
9: Japanese Unexam ned. Patent Application - 13 - Publication No. 2006-43913
PTL 10: Japanese Patent Publication No. 53573307 PTL | b Japanese Unexam ned

Pat ent Application Publication No, 2001-59184 PTL 12: Japanese Unexani ned
Pat ent Application Publication No. 2003-155451 PTL 13: Japanese
Unexam ned Pat ent Application Publication No. 2006-82365 PTL 14: Japanese

Unexamni ned Pat@nfonpphi BaePoA™PUBI FeatibhsKg. PobD4LP887eELPFLODS: Japanese

Unexam ned Pat ent Application i , ,
resistance of the surface treatment coating film and the

storage stability of the surface treatment agent. Recent
chromate-free techniques most frequently use a so-called
application type in which the surface treatment coating film
is formed by application to the galvanized steel sheet and
then drying. In order to impart a barrier effect to the
thus-formed surface treatment coating film, the surface
treatment coating film is required to have predetermined
water resistance. This is because the surface treatment
coating film which is easily re-dissolved in water has
difficulty in securing corrosion resistance (barrier effect).
On the other hand, it is industrially important that the
surface treatment agent prepared as one liquid containing
raw materials at a predetermined ratio can be stably stored.
The surface treatment agent is desired to be stably stored
without deterioration over a long period of time even when
stored at 35 to 40°C on the assumption of summer temperature.
The storage stability requires the surface treatment agent
to be prevented from thickening, gelling, or precipitating,
i.e., the surface treatment agent is required to have
predetermined water solubility, and further the quality at
the time of preparation is required to be maintained over a
long period of time even after storage.

[(0014]



Publ i cati on No.2001-181860 PTL 16: Japanese Patent Publication No. 3883831
PTL 17: Japanese Patent Publication No. 4078044

Some examples of a conventional chrome-free technique
are given below. Patent Literature 3 discloses a method in
which an aqueous solution containing water-dispersible
silica, an alkyd resin, and a trialkoxysilane compound is
applied to a metal surface and then dried to form a coating
film. In additibn, Patent Literatures 4 and 5 disclose a
surface treatment method aimed at imparting corrosion
resistance to a metallic material by using a water-soluble
resin composed of a hydroxypyrone compound derivative, and a
method for imparting corrosion resistance to a metallic
material using an aqueous solution of a hydroxystyrene
compound or a water-dispersible polymer. Further, Patent
Literature 6 discloses a technique using a surface treatment
agent containing an aqueous resin, colloidal silica, and
ammonium vanadate at a specified ratio. However, any one of
these techniques cannot reach the development of a coating
film which can be replaced for a chromate coating film in
order to impart corrosion resistance.

[0015]

Patent Literature 7 discloses a technique for a surface
treatment coating film containing an organic resin and a
thiocarbonyl group-containing compound, but corrosion
resistance after alkaline degreasing is unsatisfactory.
Patent Literature 8 discloses a technique for treating a

surface of a metal plate with a treatment solution



PTL 18: Japanese Unexam ned Patent Application Publication No. 2006-152436
Summary of I nvention Technical Problem[0020] The present invention has been
achi eved in consideration of the above-nentioned present situation, and an

obj ect of the present invention is to provide a hot-dip gal vani zed steel sheet
having a chromate-free surface treatnment coating filmwhich has a uniform
surface appearance and excel l ent conducgivity and corrosion - 14 -

containing an organic resin, a silane coupling agent, and a
solid lubricant in an aqueous lithium silicate solution, but
corrosion resistance at a portion processed by bending
becomes unsatisfactory because an inorganic component easily
forms a hard polymer. Also, since an alkali metal is
contained, secondary adhesion of a coating is degraded.
Patent Literature 9 discloses a technique of forming a resin
coating using an aqueous resin solution containing a
carboxyl group-containing polyurethane resin, an ethylene-
unsaturated carboxylic acid copolymer water dispersion
solution, silica particles, and a silane coupling agent at a
specified ratio, but solvent resistance and corrosion
resistance at a processed portion are unsatisfactory.
Patent Literature 10 discloses a steel sheet having a
coating film which contains a urethane resin, a lubricant,
an inorganic colloid compound, and a silane coupling agent
at a specified ratio, but the steel sheet 1s designed on the
assumption of electrodeposition coating and thus has
excellent electrodeposition coating properties while
satisfactory corrosion resistance at a processed portion is
not achieved.
[0016]

Patent Literature 11 discloses a surface treatment
solution prepared by mixing a silane coupling agent with a

urethane resin and adjusting the resultant mixture to pH 2.5



resi stance, and to provide a nethod for producing the steel sheet. Solution to
Probl em [ 0021] As a result of keen research for solving the problens, the
inventors found the following. First, it was found that not only a surface
appear ance but al so conductivity can be inproved by inparting proper roughness
to a hot-dip gal vani zed steel sheet. Further, it was found that both the
conductivity and corrosion resistance ggn_be satisfied by treating a surface
of a galvani zed steel sheet with a specified surface treatnent agent, i.e., a
surface treatnent agent which contains, at a specified ratio, a specified
resin conmpound, a specified urethane resin having_cationy, a specified silane
coupl i ng &fefit >habihgcarrgrétnonarigranpe afspacipfiked ioegamrioecpisictel at e
compound, and a tetraval ent vanadyl conpound. The_actions on conductivity and
corrosi oniPeSFPerance acesr deRyets rRE1IgbVESt iRdPAGS HPeaddsdabedryatter. The

present invention,has been achi eved on the basis of these findings and has the
follomjngPSi§Ptaﬁ&t€5ﬁFP§&r&§i8ﬁ§cg969§]a tec@?}qﬂenﬁ hé@dR%roduci ng a
TR e B e i S R v

of 0.2 to 1.0 g/nR2 on the surface of the steel sheet, thé sur acee¥%eatnent

agent contaj,pLAg; : GA) <A I E d hayj ay bj skel et on
representggbg$gggﬁengtﬁgﬁn%ﬁau&?%kggggg?%gg'be?%%??ﬁe%g?%ggﬁgggﬁehgrred to as

"resin cogpaund GAkClose a techBlqBeCall ¢BirmidLeLhapea thesl Fiamulsi on having at
| east one cationic functional group selected fromprimary to tertiary am no

groups andsgHat ar paky radR@NiseMbases whheneicdathehsr ef epeed tiegas "cationic
urethane (B)"); (C.) at least one silanc coupling agent having at |east

one react hyeebusctporgl rgsaupdsebeetednf r amuar tachieve Ry dr @geReaeitai Ni Ny
am no group, an epoxy group, a nmercapto group, and a nethacryl oxy group; (D)
an organi e siflaneunocpéliabe agenpoupdpsphoric acid and/or a phosphate
compound, and a compound having 1 to 5 fluorine atoms in its
molecule, but there is room for improvement in corrosion
resistance after alkaline degreasing and paintability
because of a slight shortage of alkali resistance.
[0017]
Patent Literature 15 discloses a technique of forming a
coating film using a treatment solution which contains a
specified resin compound, a vanadium compound, and a metal
compound containing a specified metal, but corrosion
resistance after alkaline degreasing cannot be achieved
because of insufficient alkali resistance, and the problem
of easy yellowing during heating is not resolved. Patent

Literature 16 discloses a technique of forming a coating

film using a treatment agent which contains a specified



(E) a tetraval ent vanadyl conmpound; and (F) water. The solid content of
the cationic urethane (B) is 0.10 to 0.30 in terns of ratio by mass [(1))/{(a)
+ (b) + (c)11 relative to the total solid content of the resin conpound (A,
the cationic urethane (B), and the silane coupling - 16 - agent (C). The
solid content of the silane coupling agent (C) is 0.60 to 0.85 in terns of
ratio by mass [(c)/f(a) + (b) + (c)1l]_rglative to the total solid content of
the resin conmpound (A), the cationic urethane (B), and the silane coupling
agent (C), and the solid content of the silane coupling agent (C) is 50 to 70
interns of ratio by mass [(c)/Ti] relative to the content of the organic
t|tan|un1éﬁgﬂatQO@@ﬁp@dnda(G?tﬂﬁntérﬁﬁhéﬂetIﬁéhpuﬁpntalnlmﬁeacontent of the
tetraval ent vanadyl conmpound (E) in terns of vanadiumis 0.30 to 0.50 in terns
of ratio ByCtARE3C( VPTFfiPEPAL BVEUPO ?hélééﬁ?eﬁPUBfllﬂﬁea@?@éni c titanium

chel ate conmpound (0) in terns of titanium Here, Ra re resents arithnetic
mean rougﬁgg§§l§&88r&| ﬁaFS1XPSanG§6?nfé9ﬂr°&ﬁd PPFlrEBPQQ R nunber of

eaks per 25.4 ccordln to SAE 911 ned froma roughness
Porve hetaharrd borpetEthads s saret ri e rataton Th Tt nL ChnRanaans o)

h | . th nd lid
of the ca .tawieésgPé o Teay eey S RECEOL A oaRTeRe 87 TRESIRIE coupl ing.
agent (0Tl it gont.ent .af L b6 ar aanke Hantym chslate comound (D) 1

terns of ani u g cont’ent ravalent vanad compound (E)

in terms Qﬁkﬁﬁ ﬂg'ﬂgbreas£%g, cggﬁggl%n resistance at a processed

portion, and solvent resistance are not investigated,
leaving room for improvement in these properties. Patent
Literature 17 discloses a technique for a surface treatment
agent containing at least one agueous resin selected from
cationic and nonionic urethane resins, a specified resin
compound, a metal compound containing a specified metal, and
water, but alkali resistance, corrosion resistance at a
processed portion, and solvent resistance are not
investigated and are not sufficiently improved. Patent
Literature 18 discloses a technique using a surface
treatment agent which contains, at a specified ratio, a
cationic urethane, a cationic phenol condensate, and a
compound containing titanium and a specified metal, but
solvent resistance and paintability are not investigated and
are not sufficiently improved.
[0018]

Further, any of the surface treatment agents of the

conventional techniques containing a silane coupling agent



H Ch c- uz, Arc/kJ,- OH In the formula (1), Y., and 12 bonded to benzene
rings are each independently a hydrogen atomor a Z group represented by
general formula (I1) or (I1TlI) below, and the average nunber of 7 groups
substituted per benzene ring is 0.2 to 1.0. In addition, n represents an
integer of 2 to 50. Note (Chem 2] (11) -".112 [Chem 31 In the fornulae If)
and (I I),R" R3( R and R5 _ 12 -

tends to have low storage stability. Therefore, even if the
surface treatment agents have no problem with appearance
after storage, desired characteristics cannot be obtained in
many cases, and the above-mentioned problems are not
investigated in the conventional techniques.
Citation List
Patent Literature
[0019]

PTL 1: Japanese Unexamined Patent Application
Publication No. 2004-27263

PTL 2: Japanese Unexamined Patent Application
Publication No. 2006-61953

PTL 3: Japanese Unexamined Patent Application
Publication No. 53-121034

PTL 4: Japanese Examined Patent Application Publication
No. 57-44751

PTL 5: Japanese Unexamined Patent Application
Publication No. 1-177380

PTL 6: Japanese Unexamined Patent Application
Publication No. 11-310757

PTL 7: Japanese Unexamined Patent Application
Publication No. 2000-248369

PTL 8: Japanese Unexamined Patent Application
Publication No. 11-58599

PTL 9: Japanese Unexamined Patent Application



- 18 - having 1 to 10 carbon atons, or a hydroxyal kyl group having 1 to 10
carbon atons, and A- represents a hydroxide ion or an acid ion, [0023]

(2) The nmethod for producing a hot-dip gal vani zed steel sheet described above
in (1), wherein the surface treatnment agent further contains wax (W, and the
solid content of the wax (W is 0.01 to 0.10 in ternms of ratio by nmass
relative to the surface treatnent coating film [0024] (3) A hot-dip
gal vani zed steel sheet produced using the nmethod for producing a hot-dip

gal vani zed steel sheet described above in (1) or (2). Advantageous Effects of
| nvention [0025] According to the present invention, not only a uniform
surface appeataatéobulNoal 86060Adl¢Bi vity can be inproved by adjusting Ra and
PPI of a gal vani zed surface in predeterm ned ranges. Since the surface
treatment agerfThal® nglépaneesactivery PebtheaghPValPrzed®ddPPdce is used, the
t hi ckness of the surface treatnent coating filmfornmed on a projecting portion
i s decreased, P®sultindePaname i HeeeaBeneh ?aE%%Eu%PgsFF§FlPH addi ti on, since
the surface treatnent agent ﬁfgg ig the present invention contains the silane
coupl i ng agBAtCHhi-eR Fan F8PATa%défAse coating film

PTL 12: Japanese Unexamined Patent Application
Publication No. 2003-155451

PTL 13: Japanese Unexamined Patent Application
Publication No. 2006-82365

PTL 14: Japanese Unexamined Patent Application
Publication No. 2004-238716

PTL 15: Japanese Unexamined Patent Application
Publication No. 2001-181860

PTL 16: Japanese Patent Publication No. 3883831

PTL 17: Japanese Patent Publication No. 4078044

PTL 18: Japanese Unexamined Patent Application
Publication No. 2006-152436
Summary of Invention
Technical Problem
[0020]

The present invention has been achieved in
consideration of the above-mentioned present situation, and
an object of the present invention is to provide a hot-dip
galvanized steel sheet having a chromate-free surface
treatment coating film which has a uniform surface

appearance and excellent conductivity and corrosion



- 19 - sufficient corrosion resistance can be achi eved even when the coating
filmon a projecting portion is thin. Consequently, a hot-dip gal vani zed st eel
sheet satisfying all the surface appearance, conductivity, and corrosion

resi stance can be produced. Brief Description of Draw ngs [0026] [ Fig.
1] Fig. 1 is a schematic diagramfor explaining a nmethod for determ ning PPI
{Fig. 2] Fig. 2 is a drawing schematicald y. showing an irregul ar shape of a
hot - di p gal vani zed steel sheet produced in the present invention_ Description
of Enbodi ments [0027] Details of t he present invention and the reasons
for limtation are described bel ow. 0028% <Tr eat nent  base sheet > In the
present i hGEAPFBRCCa SPEelOsREeY i(er dalREAPIDASE BREELF 1nGed es Starke for a
surface treated steel sheet is a hot-dip gal vani zed steel sheet for hone

el ectric ﬁEEF Fances, building materials, and autonobile parts. The steel type

of the trgg&n@ggnb se %g%ﬁt is not particularly limted, and

[0021]

As a result of keen research for solving the problems,
the inventors found the following. First, it was found that
not only a surface appearance but also conductivity can be
improved by imparting proper roughness to a hot-dip
galvanized steel sheet. Further, it was found that both the
conductivity and corrosion resistance can be satisfied by
treating a surface of a galvanized steel sheet with a
specified surface treatment agent, i.e., a surface treatment
agent which contains, at a specified ratio, a specified
resin compound, a specified urethane resin having cationy, a
specified silane coupling agent having a functional group, a
specified organic Ti chelate compound, and a tetravalent
vanadyl compound. The actions on conductivity and corrosion
resistance according to the above findings are described
latter. The present invention has been achieved on the
basis of these findings and has the following gist and
configuration.

[0022]

(1) A method for producing a hot-dip galvanized steel

sheet, the method being characterized by including:

applying a surface treatment agent with a pH of 4 to 5



various steel sheets such as | ow carbon steel, ultral owcarbon steel, |IF steel,
and a high-tensile steel sheet to - 20 - which various alloy elenents are
added, can be used. In addition, any of a hot-rolled steel sheet and a
cold-roll ed steel sheet can be used, but a cold-rolled steel sheet is
preferably used for application to hone electric appliances. [0029] In
the specification, the term"hot-dip _galyvani zed steel sheet" includes not only
a hot-dip gal vani zed steel sheet (G steel sheet) but also hot-dip

gal vanneal ed steel sheets (GE steel sheet and G. steel sheet) produced by
hot-di p coating with a hot gal vani zation_ bath containing Al__and My. Further,
for the phPpdsBobfiirpPavivAgiBradcRERPAgSPESIEshaNEBIoR BasPdell-shdét, trace
anount s o% Ni and Co na§ be added to a coating or such netals may be
preci pi t atefl R andupf BBE 6f 4°8t 8&I MeK8ét B§ using an acid or agueous

al kaline solution, containing Ni, Co, and Fe. The esent . inventi on does not
oxhibit a si gritTEant At SRt f b AN bR P oihat bani JLHLBFEE SBRER because

if i b h i bi bl ith th
un o coaLRREaRbe, TEC, LBeLEby COuT g el R g mipblam (D Lhe
f th Lec .t h . t i - dint L h i
o e, SBLPILS B BIEURSe L bRYS. Bliah FATOLyo0, Sren M pugmess s

not positirve anneal’ed s Shee st eel

sheet), m EoshEEﬁgglGEiEh@?sEé@lehE%E”EQh@eBEEQEEQ QQe%@ﬁéﬂfﬁﬁgéﬁf of a
m t y erefo

coating fi ere securing an appeafance and conductivity. re, the
gal vannealedrgt g¢hgsheet is - 21 - excluded fromthe objects of the present
i nvention. According to the present invention, an excellent surface appearance

at the same |eyg] asriédat Obmsbushersv 88! ¥api zeHesbeekkeheebncan be achieved,
thereby permtting preferred use for casings of hone electric appliances.

[ 0030] <Suebaseehedghpesgeabrhot fdirpugal ani zedcstiseld shaeek> After hot
coating, tenper roiling is Perfornmed to adjust a coated surface (before
treat ment (wetthiaastuekacefetreatiment aagéme) iho camBaunal (@)% )t;0 2.0 pm and a PPI
of 150 or nore, so that a uniform surface appearance and excel | ent
conductivity céh) be echieved. uf@®0B3dhe resin emulsion having at least
one cationic functional group selected from primary to
tertiary amino groups and quéternary ammonium bases
(hereinafter referred to as "cationic urethane (B)"):;
(C) at least one silane coupling agent having at least
one reactive functional group selected from an active
hydrogen-containing amino group, an epoxy group, a mercapto
group, and a methacryloxy group;
(D) an organic titanium chelate compound;
(E) a tetravalent vanadyl compound; and
(F) water.
The solid content of the cationic urethane (B) is 0.10
to 0.30 in terms of ratio by mass [(b)/{(a) + (b) + (c)}]

relative to the total solid content of the resin compound

(A), the cationic urethane (B), and the silane coupling



Ra is arithnetic mean roughness represented by an expression below and is
determ ned according to JI'S B0601:1994. In the expression, f(Xx) represents a
roughness curve ob.rained by cutting off |ong-wavel ength conmponents froma
profile curve with a filter having a cut-off value of 3.8 nm the profile
curve being neasured using a three-dinensional surface roughness shape
measuring- apparatus (manufactured by fegkyo Seimtsu Co., Ltd., stylus end
radius: 2 p.m. In addition, L represents a reference length. [Equation 11 Ha
=(1/ )1l1:1 ( x) dx - 22 - [0032] PPl is determ ned according to
SAEJ911 from a roughness curve obtained according to JIS B 0601-1994. Fig. 1
shows an éﬁﬁﬁﬁlécbf a roughness curve obtained by cutting off |ong-wavel ength

conponents froma profile curve 'taha fi]Jter havif a cut-off value of 0.8
mm the profiIﬁg%uéQ&Q@EFQEF%%%S%$e st %Ft?ﬁ%%-g?ﬁeﬂg?a allCsur-Pace
h , . fact b k Seinit Co., Ltd.,
Styi'us ond:PAFGSD- 39K SPARE G 12t pPetd SPPnedCl dldfince FAVE s H af e
ided i th the. pti d i ' ' . li f
Pher oughiiBa) caPvaC  BRd RnbhC; REC BNy o8 -bcE2AEeh e Cheg it JES ol o once | ovel

o o BphBERAPA) Ve bT :éétc%i:sﬂzi.ﬁaﬂgeqzﬂgﬂeg {B) hentxeeds g posi tive

reference e’ tolin e countin repeate reaching the

evaluatiOeohﬁﬂgﬁgh%?gngg?g?ﬁg$ﬁaeEQES%B%%Hegoﬁietho%o%®%i§iﬂ¥ﬂg ned as PPI

Here, Inis , an peak count |evel: distance between the

positive gpdpnedgt hyentefiejenceshevsl 9b Tnd@eRBCH f( Taki27 Y§Mina d0033] I'n
the present 1nvention, many relatively small projecting portions are fornmed on

the surfagecof/rtherstgelivehest tse thateRa bg @hd begarQKmianchikRR is 150 or.
nmore. As a result, not only the uniform surface appearance but al so excell ent
conductivihyleas bempebhaved) Thateirfs blieti23ndum.
The content of the tetravalent vanadyl compound (E) in
terms of vanadium is 0.30 to 0.50 in terms of ratio by mass
(V/Ti) relative to the content of the organic titanium
chelate compound (D) in terms of titanium.
Here, Ra represents arithmetic mean roughness according
to JIS B 0601-1994, and PPI represents the number of peaks
per 25.4 mm (1 inch) according to SAEJ911 determined from a
roughness curve according to JIS B 0601-1994.
In each of the equations, (a) represents the solid
content of the resin compound (A); (b), the solid content of
the cationic urethane (B); (c), the solid content of the
silane coupling agent (C); Ti, the content of the organic
titanium chelate compound (D) in terms of titanium; and V,
the content of the tetravalent vanadyl compound (E) in terms
of vanadium.

Note



hot - di p gal vani zed steel sheet used in the present invention is required to
have the above-descri bed both paraneters within the respective predeterm ned
ranges, and if one of the paranmeters is out of the range, one or both the
surface appearance and conductivity are degraded. [0034] Wien Ra is |less than
0.5 pm after the surface treatnent coating filmis forned, the thickness of
the coating filmon a projecting porngﬁ i.s increased, and thus a thin film
portion is not easily forned, thereby failing to achi eve conductivity. In
addition, a spangle pattern is nmade apparent, resulting in a nonuniform
appearance. On the other hand, even when Ra exceeds 2.0 pm the effect of
thinning a fil ¥ #Mma ptojecting portion is substantially constant, and thus an
i mprovenent in conductivity level is not observed. In addition, in processing
of a work roll used in tenper rolling described below, a P2l of 150 or nore
cannot be easily g%&eved. Ra is nore Preferably | ess than 1.8 pm because a
PPl of 150 or ah be stably produced. Wien PPl is |ess than 150, there
are few projectilng portions with thin surface treatnment coating filns forned

t hereon, and thusYconductivity undesirably cannot be stably achieved. The 221
IS nore preferkkoHg-800Q less. (\pen the PPl is 300 or less, there is a proper

=

nunber of prcjectl\g porfti ons having thin coating filnms fornmed thereon, and
corrosion ={24 L regjgtl is not degraded. Therefore, the PPl is limted in
t he above-deicri nu range. [0035] One of the characteristics of

the present ilnvlentiion is that the surface roughness of the hot-dip gal vani zed
steel sheet ils adjusted- & descri bed above before treatment with the surface
treatmenT: agent, and the roughness of the treatnent base sheet is not
particularly limted. Al though described in detail below, Pa and ['Pl can be
control l ed by centrel kbaguthe (1pemperaddlyt, ngreraditd ors such @shdhe surface
shape of a work roll, an elongation percentage, roiling oil, etc. during

t enper rokkrengach0036kpeddchace tr egtreptnagenie> or a ZNextourt he surface
treatment agent used in the present invention is described. The surface

t r eat nent ragentens echavackeriradd fbymadat dilmi)ngx( AL I )r ésilowsonpalnde
represented by general forrmula (1) below, (B) cationic urethane, (C) at |east
one sil aneveoapki ngmagent fhaviomguat sedstt idme edeactd e rfagict iomal igF oup

sel ected froman active hydrogen-containing am no group, an epoxy group, a
mercapt o §réupo and-a et Rackyliony @ GEPTI9NEh i g@hﬁ%?i‘t‘égi dmtehéllat e
conpound, (E) a tetraval ent vanadyl conpound, and (F) water. The solid content
of the cationic urethane (B) is 0.10 tt%®2 30 in terms of ratio by nass

[(B)/{(2)(b) ()] relative

—CH,-N_ (1)

[Chem. 3]

Ry
/
—CH23N—\—:114 A~ (111)
Rs

In the formulae (II) and (III), Ri, Rz, Ri, Ry, and Rs

each independently represent a hydrogen atom, an alkyl group



- 25 - to the total solid content of the resin conmpound (A), the cationic
urethane (B), and the silane coupling agent (C). The solid content of the
silane coupling agent (C) is 0.60 to 0.85 in ternms of ratio by mass [(c)/{(a)
+ (b) -F- (c))] relative to the total solid content of the resin conpound (A,
the cationic urethane (B), and the silane coupling agent (C), and the solid
content of the silane coupling agent (G)gis 50 to 70 in terms of ratio by nass
[(c)/Ti] relative to the content of the organic titanium chelate conpound (D)
in ternms of titanium The content of the tetraval ent vanadyl conpound (E) in
terms of vanadiumis 0.30 to 0.50 in terns of ratio by mass (V/Ti) relative to
t he cont ehevehat Re tor ganice rbpraaicamse helrate hydwpsiad kYD) dre ey igTg ti t ani um
In addition, pHis 4 to 5. In each of the equations, (a) represents the solid
content of tRelPesSPibeBnpsaRd  (ANd fb) repRRSIBFF o OVt EAY18R £RB €&t onic
urethane (B); (c), the solid content of the silane coupling agent (C; Ti, the
content of"t REL6r g&Mi-c titani um chel ate conpound (D) in terms of titanium and
V. the cogb%gb of the tetraval ent vanadyl conpound (E) in terns of vanadi um
In the speci 'éation, the term"solid content” represents the heating residue

ft dryi 10C f . [0Q371 Th Lgnifi ffect, that
2on§Lct{¥:P§ 2&%}bgh?uﬁ%ﬁé?g0£g§6pgogﬁﬁ}8geg,ﬁégga%%f %%V%ngégigF%ﬁ%e i's not
[ ired i hi bi f ' t ; ti f.i th

hot -di p oSr S ek Soa SrEe SHEDE RAvitad R CBave e Pt T Rugneat i Eh the

surf ace 1 Leal{ent, AGEN!  FULLET ,uhagt he ;Surhace il ealueieAORY g, used, it

i's possibF orm a coating having exéellent corrosion resistance at a bend

portion ighrodygeddi iy @1p:edYchin0n nPLRGRSS o reXeelilent, sRlstenterasiwt ance, and
excellent paintability (particularly, paintability after al kaline degreasing),

t hereby predugienguad reione=hreengal-varized rstigel sheet rich in practicality as
conpared with usual products. Further, the surface treatnent agent is

excel | ent [iom2gtjorage stability and is thus industrially very advantageous
because the sanme coating can be fornmed even after storage. [0036: In the
surface treat mgdy Ageot-dspdgailfiahbeepr esenll sheent pondutke neding caorpound (A)
havi ng a bi sphenol

method for producing a hot-dip galvanized steel sheet

described above in (1) or (2).

Advantageous Effects of Invention

[0025]

According to the present invention, not only a uniform

surface appearance but also conductivity can be improved by

adjusting Ra and PPI of a galvanized surface in

predetermined ranges. Since the surface treatment agent

having low reactivity to the galvanized surface is used, the

thickness of the surface treatment coating film formed on a

projecting portion 1s decreased, resulting in an increase in

conductivity. In addition, since the surface treatment

agent used in the present invention contains the silane

coupling agent which can form a dense coating film,



skeleton is represented by the follow ng general forrmula (1). [0039] [Chem 4]
- 27 - CEYt NBC CG CHa OHIn the fornmula (1), Y1 and Y2 bonded to benzene
rings are each i ndependently a hydrogen atomor a Z group represented by
general formula (I1) or (111) below, and the average nunber of Z groups
substituted per benzene ring is 0.2 to 1.0. In addition, n represents an

integer of 2 to 50. [0040] Her e,_ tthe _average nunber of Z groups
substituted is a val ue obtained by dividing the total nunber of Z groups
i ntroduced by the total nunber of benzene rings (i.e., 2n). In the present

i nvention, roup i.s selected as each_of Y| and Y2r the resin conpound
(A cont afft éFl?QES °6ﬁ85689|Bﬁ?&SFGHEF|Sﬁalb@réGBlSVeﬁrﬁﬁﬁpy“Fﬁﬂtert|ary

am no groups and quat% T ¥ annonlun1gases and t hus %ge resin conmpound can be
stabl y di§§8l988tﬁﬁgt &-8cht FpHrSﬂe& 9895?°§Gﬁpﬁcést af'ment agent i ntended

in the pr Ln the i_nventi t he average

degr ee of%%%Fyﬁggﬁgg&;gﬁ HO éptgaggan&ﬁgﬂ ﬁtE§E|§E§th§ﬁt§ %gﬁggéffect of
'”part'ngaEQrQR%'gﬂr%ggésgsgggrggggveéonduct1vity, and corrosion

resistance can be producéd.
Brief Description of Drawings
[0026]

[Fig. 1] Fig. 1 is a schematic diagram for explaining a
method for determining PPI.

[Fig. 2] Fig. 2 is a drawing schematically showing an
irregular shape of a hot-dip galvanized steel sheet produced
in the present invention.

Description of Embodiments
[0027]

Details of the present invention and the reasons for
limitation are described below.
[0028]
<Treatment base sheet>

In the present invention, a steel sheet (treatment base
sheet) used as a base for a surface treated steel sheet is a
hot-dip galvanized steel sheet for home electric appliances,
building materials, and automobile parts. The steel type of
the treatment base sheet is not particularly limited, and
various steel sheets such as low-carbon steel, ultralow-

carbon steel, IF steel, and a high-tensile steel sheet to



- 2E1 - unsatisfactory, while when n exceeds 50, stability in the treatMent
agent is decreased due to a decrease in water solubility and thickening,
t her eby causing unsatisfactory storage stability. [.00/1.1) [Chem_ 5) [ 004
2]i [Chem 6) In the fornmulas. (Yal) and (II1l), 111, Pp, R 3., 114, and 11.5
each independently represent a hydrogen atom an aakyi group having 1 to 10
carbon atons, or a. hydroxyal kyl groupypaving 1 to 10 carbon atons. Wen the
nunber of carbons in an al kyl. group or a hydroxyal kyl group exceeds 10, the
resin conpound (11) becones inapplicable because it cannot be sufficiently
selublllzed in water and_is destabilized in the treatnment agent  Exanpl es of
Ru R2, R3"hRGha®arRsusneliay ﬁéﬁﬁ?ﬂtseﬁﬁ9ladﬁ?@pypanbﬁﬁypseﬁydrERyethyI
2- hybr oxy r opyl., hydroxyi sobut and the
representg 1%98POXPH¥ PénaopochBlFSH Sﬁﬁﬁﬁpﬁé§eﬁfapﬁeaa8P& Wﬁ?%%ﬁQUde
acetate |ons, Pagsphate |l pas, LM MBLE LonS1420d,40g Like, LR2iY

preferably used for application to home electric appliances.

[0029]

In the specification, the term "hot-dip galvanized

steel sheet" includes not only a hot-dip galvanized steel

sheet (GI steel sheet) but also hot-dip galvannealed steel

sheets (GF steel sheet and GL steel sheet) produced by hot-

dip coating with a hot galvanization bath containing Al and

Mg. Further, for the purpose of improving blackening

resistance of a steel sheet, trace amounts of Ni and Co may

be added to a coating or such metals may be precipitated on

a surface of a steel sheet by using an acid or aqueous

alkaline solution containing Ni, Co, and Fe. The present

invention does not exhibit a significant advantage for an

electro-galvanized steel sheet because uniform coating can

be made, thereby causing not so big problem with the surface

appearance. Therefore, the electro-galvanized steel sheet

is excluded from the objects of the present invention. In

addition, even when roughness is not positively imparted to

a hot-dip galvannealed steel sheet (GA steel sheet), micro

irregularities can be formed depending on the structure of a

coating film, thereby securing an appearance and

conductivity. Therefore, the galvannealed steel sheet is



The resin conmpound (A) represented by the general forrmula. (1) is a

bi sphenol -formalin condensate, and a synthesis nethod thereof is not |imted.
The resin conpound (A) is can be produced by, for exanple, reacting hisphenol
A with formalin and an amine in the presence of an al kali catal yst. [0015]

In the surface treatnment agent used in the present invention, polyol and

i socyanat e conponents of the cationic yrnethane (B), which are constituent
nmononer conponents, and the pol ynerization method are not particularly limted
as long as the urethane (19) has at |east one cationic functional group
selected fromprimary to tertiary am_no groups and quaternary ammoni um bases.
Exanpl es 6KCtHeEatir6mi ENPURBTPEREI O§r b0F PREFGBE ARVERTAB group, a

met hyl am no group, an ethyl am no group, a dinethylamne group, a diethylam no
Oroup, o REFRECAYBagPno g BURSCRtT - REChy LAl nohgFSaBL LBRY CHE A Re. | The
primary to tertiar¥ aning grougs or guate&gagy moni um bases are not limted
as | ong ag8PPRB PRFFoPailE SR Eh&CEFesenit tIAVeRti 8R FSCHEEC™- 30 - i npaired.

[ 0046] In.the surface treatnent a d i he p ent_.i.nvention, the
silane colPFTAGL4ganE Ce) PLCRForeranry LErt Sl Baky Sl PAREY hEoLNg it Neast one
reactive £EB%E&9@8‘uQEOEBrSSEEEP§Q LEOmLAR gﬁ&b¥§iﬁygpggﬁah%ggﬁa'”'”9 am no
group, an epoxy group, a nercapta group, and a methac oxy group and further
havi ng thqgg3ghkoxy groups. Usabl e exanpl es of at |east one silane coupling
agent include, but are not particularly limted to, N (am noethyl)- 3-

am nopr opyktricAEENOYXYEhhaRe. o3- ABLNARHORYh VEhABEROXYSkhaRecat > _

3-gl yci daxypropyl tri met hoxysil ane, 3- glyci doxypropyl net hyl di met hoxysi | ane,
2-(3, 4- epoxycyﬁt@heﬁdf)@éﬁﬂiﬁéjet@@%dﬁiféﬂﬁin?-is erformed to

mer capt cpropyl tri met hozysil ane, and the |ike. [0047 In the surface
treat nent aagept dsedaiBdt Barpeesenbeirbventireatmexanplies af steaeegani c
titani um chel ate conpound (D) include titanium acetyl acetonate, titanium
octyl ene gkgeohahe, agehani um beRraacedybatet @nat gn bntlani Bwletliylldcet oacet at e,
and the like. Inorganic salts such as titaniumnitrate, titaniumsulfate,
titani um acetmnatre, st dhetinephospbatnesutrifbari apprearbonat endarckadid dritke are
undesirabl e because they cannot be stably dissolved in the treatnent agent of
t he preseapnpugshviisy epndbenethégkiedi-t 31 - the effect of inproving
corrosion resistance. Although the effect is obtained by titanium

hydr of | uodP8éLl1the titaniumhydrofluoride is preferably mixed so that the
fluorine content is 0.8%by mass or less in terns of ratio by mass relative to
the total sol i cohtehttoneihe FeINnreorPoand rAPresretedt PEnRE ur et hane (B)
and the silane cqupling agent rine content of 0, 8% by mass or

O . At a.fluo
| ess, the®EBFFESIOA PELPYL aREe ﬁ%dﬁtﬁF8&8§§e3058F998ﬁ it® Wt degraded. Wen an
agueous sgh b'g f thf organic titani um he}ate conpound i s usgd, titaniumis
di ssol ved : ate co ex, 5 S h r-sol ubl e
5087 18d0at o RoMBT X PRRESTHAS T 17( S GPEFAFPED EhaPUd REFS
sol vent or erox%%e.havigg Ehg?iﬁolarit whi ch i E&y%ﬂpes t he cqﬂplex i s not
t n

added to tHé ' fr 8RFReRt ‘a HeCpred@hf AVERETGR componen

from a profile curve with a filter having a cut-off value of
0.8 mm, the profile curve being measured using a three-
dimensional surface roughness shape measuring apparatus
(manufactured by Tokyo Seimitsu Co., Ltd., stylus end

radius: 2 um). In addition, L represents a reference length.

[Equation 1]

Ra = (1/L)[f (x) dx



[ 0048] In the surface treatnent agent used in the present invention,
exanpl es of the tetraval ent vanadyl conpound (E) include, but are not
particularly limted to, vanadyl sulfate, vanadyl dichloride, vanadyl
phosphat e, vanadyi oxal ate, vanadyl acetyl acetonate, and the like. A

pent aval ent vanadi um conpound has high water solubility and thus has high

el ug;lon fromthe coating filmand has e smal |l effect of inproving corrosion
resi stance. As the tetraval ent vanadyl conpound used in the surface treatnent

agent of the present invention, a vanadyl conmpound which - 32 - becones VQ2I
(vanadyl) ion is nost preferred because of the highest effect of inproving
corrosi on [P€sS3dt ance. [0049] In the surface treatnment agent used in the

present invention, the solid content of the cationic urethane (B) is 0.10 to
0.30 in terms BPIr&agi @ebyrinesd[ peFPTdang+tepfARIPEY) freml at FoEILHSERe t ot al
solid content of the resin conpound (fp, thg %atiggic ur et hane 58%, and the
sil.ane c6UBVEngPageRed( efcoTRe Pattro Yy Radélils Indfe pfefer AbPYOHS12 to 0. 28.
When the ratio by mass is less than 0.10, the.corrosion, resist e at a bend
portion, ﬁ@aFXF@é#§t8 c&, TRHE PRE SsFordGe © t&&?@ﬁt§yoFuFﬁén§bF%§§e t r eat ment

t degr aded d th ively | {0 of the.yreth i n.
When the LTS B) LG Oy EOURE T30, TEoFant PaE: SHEY & dbgraded. [ 0050

[0 the surfidce .t LeghIEnt agentsed i Lie Presant daventian, the el 1 d

cont ent the's € “coupl’ing "agent erms of ratio by

Mass [(C)%%§%btﬁea%%&ea ﬁ%&%#é%ekﬁk% Qdﬁﬂg& go%%ﬁakd¥§§dé(¥yH§HHe§g the resin

conpound e cationic urethane (B), the silane coupli’ng agent (C).

The rati ooy IRgS ois$ TRLe aRLa 8R! N8 4@ R eB0 b Wk I & Jidtii1Q Dy mass is
| ess than O.Eb, sol vent resistance is degraded. Whén thé ratio by mass exceeds

0.85, theceorrosidon @si18-aReQ ahdduR:00ess8d 1n3Big.pertion and the storage
stability of the surface treatnent agent are degraded.
predetermined reference levels H are provided in both the
positive and negative directions from an average line of the
roughness curve, and when the curve exceeds the negative
reference level, returns in the positive direction, and then
further exceeds the positive reference level, the count is 1.
The counting is repeated until reaching the evaluation
length Ln, and a number indicated by the count is defined as
PPI. Here, Ln is 1 inch (= 25.4 mm), and 2H (peak count
level: distance between the positive and negative reference
levels) = 50 pinch (= 1.27 pm).
[0033]
In the present invention, many relatively small
projecting portions are formed on the surface of the steel
sheet so that Ra is 0.5 to 2.0 pum and PPI is 150 or more.

As a result, not only the uniform surface appearance but

also excellent conductivity can be achieved. That is, the



[ 0051] In the surface treatnent agent used in the present invention, the
solid content of the silane coupling agent (C) is 50 to 70 in terns of ratio
by mass [(c)/Ti] relative to the content of the organic titaniumchel ate
conmpound (0) in ternms of titanium The ratio by nmass is nore preferably 55 to
65. When the ratio by mass is less than 50, the corrosion resistance at a
processed portion and the storage stabidity are degraded, while when the ratio
by mass exceeds 70, elusion fromthe coating filmis increased, and
paintability after al kaline degreasing is decreased. [0052] In

cal cul ating the above-descrjbed ratio by mass, the mass of the silane coupling

agent (C) H¢1HE Hadyamided £1EHdiISTIeaY Us Srhiieh thk &8RS ane RIS ¥QMR1) 3) s
et | & SIS Dl 2 S o b G T B GIB hh @ -BR S 3 Conol |

P rvent: on A P b Al S O ) E TR o dCTH 1 FRChd (IR Hoes not
't he_pr et et SSOTRATE et st S e AT AV G Vgt o

compound ()0 Lers of Nanagium.ics 030 49,480 In terms of ratio by rmss

(VITi) rel ve to the content o e organic titaniumchel ate conpound (D) in
terns of tigianijum The ratio by mass is nore preferably 0.35 to 0.48. \Wen the
ratio by mass i's less than 0.30, corrosion resistance is degraded, while when

the ratio by npasnexseeds10s30cnRai Ot 8bjhi t ¥ratt-ernal kalirpecdegreasing is
degraded. [ 0054] The surface treatnent agent used in the present

i nventi on tirgaaejeust edatta noH /4 110 i% fWrided,es9d han dddebs Zmaies much el ut ed
fromthe gal vani zed steel sheet to be surface-treated, thereby decreasing

COrrosi on.coaedingt @&iden oon at e ootehari nhaped,r tiicnh ievemdqddsed hearsd abidd ty of the
surface treatnent agent cannot be attained. As an acid conponent used fot

adj ust i ng at i ipH ftid 4 ploa- t5,0nphies plear iea sddiyd,f caeetd, ¢ taci by of i 1ot ragi tth

hydrof luoric acid, and fluoride are preferred, while strong acids such as

sul furi c acihd eaned cointduict iaditdy .ar énuadesitied, Fhepanglbepatiserwhes sul furic
acid or nitric acid is used, cation phenol and cation urethane tend to be

gel | ed i nMelde sppRaca ttr estsvetinagam adwenueigld roheakogd woate an@nr dypied pH
change) in pH adjustnent, and a salt formed with gelling is highly eluted,

t her eby d@&hedsiingceorcvesi oharefasteareedsacett ¢acitdicard Festtniat aci d are weak

acids and are thus preferred for pH , ,
thinning a film on a projecting portion is substantially

constant, and thus an improvement in conductivity level is
not observed. In addition, in processing of a work roll
used in temper rolling described below, a PPI of 150 or more
cannot be easily achieved. Ra is more preferably less than
1.8 pm because a PPI of 150 or more can be stably produced.
When PPI is less than 150, there are few projecting portions
with thin surface treatment coating films formed thereon,
and thus conductivity undesirably cannot be stably achieved.
The PPI is more preferably 300 or less. When the PPI is 300
or less, there is a proper number of projecting portions

having thin coating films formed thereon, and corrosion



- 35 - adjustnent. These weak acids are also preferred fromthe viewpoint that
the acids have high volatility and are thus evaporated during drying of the
surface treatnent agent, thereby decreasing the residue in the coating film
and little decreasing the performance even in an excessively |arge adding
amount. I n use of phosphoric acid, the content is preferably 8% by mass or

| ess, nore preferably 6% by nmass or |less, relative to the total solid content
of the resin conmpound (A), the cationic urethane (B), and the silane coupling
agent (C). Although phosphoric acid inproves corrosion resistance, a content
exceedi ng 8% by mass causes the possibility of deterioration_in storage
stabiIityFeFﬁsgaapﬁi&ﬁ,npﬁ G?@réﬁeﬂydr%??ﬁ%f?ﬁeacFHeo?PFIﬁ%rﬂa@}t?@ is

pr ef er abl nkﬁed go thgt the fluorine.content is 0.8%by nmass or less relative
to the totl "85 PEO¥SNEERETSPEhBIPES atofBBdRd (A), the cationic urethane
(3), and tBSBEEIane coupling agent (C). A fluorine content exceedi ng 0.8% by
mass enhaAces tchability of a zinc-based coating, thereby decreasing the
corrosion resiShance AhoacpLocessed.pALLiop. 0 Lhe.ohbes and, ophen pH i s
excessi vel y decreased, ammoni a water or an am ne having a b0|I|ﬁg 65|nt of

100C or | egg.i gnpr eferLed gaulaﬁnag'ga'ok EAEPOAREL; 1S B LA ;9L g the PH to

4 to 5. The use of a strong al’kali1 such as o) causes ormati on of

a gel duesh@epHighaakuQk cdecseases rt B aShehage patrabi! ith¥a trierdd wi diP055]
In the present invention, wax (W can be contained in the surface treatnent

agent forthBespurpesetetasfeuki Bgehtbr beit ¥nef rbhgneeatll _E fiden The wax (W
is preferably m xed so that the solid content of the wax (W is 0.01 to 0.10
in terms efteraihbatbypasBssheekatisvaotcphheisunbace tieatment goahbaghfilm Wen
the content is 0.01 or nore, lubricity becones satisfactory, while when the
content iseBctiber lLessethibr beilby,can bedseedr edn ®eowage refl ithe by
surface-treated steel sheet produced in the formof a coil causes no

occur renceonfroodilingr aski hgmpamd roeiltthgr condri¢asesi suchstasnamedecr ease in
corrosion resistance occurs. As the wax (W, at |east one type of wax having a
nel ti ng pebnfaoct BbEpreoof28Cwibskpref.érabhy edsadatEvanpleeseiiergeof i ncl ude

pol yet hyl ene_wax, oxidized pol yet hyl ene wax, polypropyl ene wax,

m crecrysralling eax, ahd-tHeripgetenpelr goddlitiogng point of 70C or nore,
lubricity can be inparted, and with a nelting point of 120C or less, lubricity
can be i npaPEEd without excessively high hardness. The wax (W is preferably
an enul sion prepared by dispersing it in water with all emulsifier, and

pr ef er abl §°H gaﬁepﬁFF?¥W€nﬁiéﬁ€P§g of 0.08 to 0.30 urn. Wth a particle
dianeter of 0.08 wn or nore, the effect of lubricity,can be achi eved, and the
anount of the %ﬁ?si??%rSﬁggﬂc?stﬁ%?tTﬁEFeﬁgﬁﬁF PRsreby tRGsPR§SRET
deterioratiog Ln alkalh rengt%nce and - g? %aLntagiliéy. On the ot her hand,
the parti ¢I'&SBiraRBt &F F§SHF&PEFabl 110, 0T bATSr CF 885 6BEa09E FI dSt atiori does
not occur _j : t nt. tq,a_decrease in ecific gravity of the
vax (W EhareBgeta e e ek BOEPARE 6 dPAgs” Srannt LT Bo5a e vat er

(F) used by bhecpresentylnuenth OBRLEF or@hl v.asa Suald d uepge gn each of

t he conpon the resin co und (A), ‘the cationi ¢ urethdne ('B),, the

si | ane couphipgoagent 16k, cbla?é)%gag'ggn | 2R W %Qell%ta%tcgﬂ%olt%%cf@ve and the
: t

tetraval ent vgnadyl conpound and the acid conponent or a conponent

used for phhadidshMeRioubokeg%arBhe £ rhar dResetiine egel Siapch as
My, Ca, and Si, which are contained as inpurities in water, decrease the
sol ubi | i t ymand dirsagr, skhi kbbyyohrbhe,r esie reempeund o), and the cationic
urethane (B) of the present invention and thus may cause the occurrence of
aggr egat eseohatAylang @Bpbupl,n @ddidd ansgdda @neli €intont ahagdtas cbpuiinti,es in
wat er nmay decrease corrosion resistance or decrease coating adhesi on when
remai ni ng(Eh &heetoavengnti kemadkér ebapeunthe anat ') @R)tatsedTpeef er abl y
contains small amounts of inpurities and has, for exanple, an electric
conduct i vebyidf cbessnthal 10 palfiomicTheedhecter i(®)cdrdctliOvittoy G.s30or e
preferably 50 1.6/cmor |ess and nost preferably 10 p/cmor |ess. [0057]

in terms of ratio by mass [(b)/{(a) + (b) + (c)}] relative



If required, an antifoam ng agent and a wettability inprover may be added to
the surface treatnent agent used in the present invention. The type of the
antifoam nd agent is not particularly limted, and for exanple, a
silicone-based or fatty acid-based enul sion type can be used. The wettability
i nprover inproves wettability of the hot-dip gal vani zed steel sheet by
decreasing the surface tension of the suyface treatnment agent, inproving
appearance uniformty. Exanples of the wettability inprover include, but are
not limted to, water-soluble solvents such as ethanol, Tbutanol, butyl
cellosolve, and the like. The wettability inpraqver containin% acetylene is

al so pref &Pr E8CbéCaade SPe 18l s§6nkg8taR faktef 68FitAg COFPOSRA FérYthdh€ for the

pur pose of bl ackeni ng resi stance, a nitrate such as njckel nitrate

or annnniﬁﬁ%ggﬁgglg% ape ddded?P6 ThE Sirface CrEAtRENE SNt QUsed in the
t i tion., Alth h nitri id gi H shock d i bed ab
i trate dOBS HBLIG $ETAoHH SHoERS FOGSBP- SEBHOdY GPoRrodyd e Nocdip o
I i l. sheet i f t t t > Raugh i ti
e ool Bre e act LB By MR o2l VAN: Fed By pacding through o
usual CO”E'e'i‘H‘Engh(E%' qg% ?,%'g\ég”' %ﬂ&ho'&glralt'%%ta%‘% then r}e‘%’l\%ﬁ{gﬁﬁnﬁéxﬁ% to adjust

t he surface roughness al'vani zed steel sheet. one appliance

39 appligall 9Re Hheie0at N9NRLAR! (@ !heOankaniaedcoalinig o one side may

be 5 g/n2 or nore because the use environnment Is not severe. urface

roughness gkher (e9at ;g MRy Beiad vshednky o3ontoldiingd ke danpey rolling
condi tions such as the surface roughness of a tenper roiling (skin pass) work

roll instabkad atherstle eeationgnsteprnsn dtheatalo ®al variszgtiorydiine, an
el ongati on percentage, rolling oil, etc. The nethod for adjusting the surface
r oughness refl ath@ewaik thel kohs endt ofafthieC wrafalng d itiitzed urbwheshaie dul |

texturing, laser dull texturing, electro-discharge dull texturing, or the |ike
can be appbinedund0db9] in terme otfempemnrialkld.i nghescpnetetablfy tperf ormed using a
work roll with Ra and PPl adjusted to 0.8 to 5 Kmand 150 or nore,
respecti vékyrabplshat vdokldytlexbmpicongd | (@9 ernduldrntsextfumiamgdiom is
el ectro-di scharge dull texturing. The elongation percentage is preferably 0.5
to 1.5% Pheé0t &ppér Solini kgrims eift et im &y mammeV /G )wete iedriner ttras no
probl em as | ong as roughness can be inparted.

the content of the organic titanium chelate compound (D) in

terms of titanium. In addition, pH is 4 to 5. In each of

the equations, (a) represents the solid content of the resin

compound (A); (b), the solid content of the cationic

urethane (B); (c), the solid content of the silane coupling

agent (C); Ti, the content of the organic titanium chelate

compound (D) in terms of titanium; and V, the content of the

tetravalent vanadyl compound (E) in terms of vanadium.

In the specification, the term "solid content"
represents the heating residue after drying at 110°C for 2
hours.

[0037]

The significant effect that conductivity can be further



As descri bed above, the hot gal vani zed steel sheet having a Ra of 0.5 to 2.0
Km a PPl of 150 or nore, and a Wa of 0.5 Ka or less is produced. [0060] (2)
Steo of formng surface treatnent coating film The surface treatnent agent is
applied to the hot-dip - 40 - galvanized steel sheet inparted w th roughness
as descri bed above and then dried at an ultimate sheet tenperature of 5000 to
180C to forma chenical conversion caatigng on the gal vani zed surface. The
surface treatnment coating filmis preferably formed on the surface of the
steel sheet with a coating weight of 0.2 to 1.0 g/n2 per one side. Wth a
coating weight of less than 0.2 g/ nR, satisfactory corraqsion resistance is not
obt ai ned, ‘WRIFPESHi t RNE EBALPAYOReir§HE SEREEEIILAg PT0 1§PRE rahéd Scoat i ng wei ght
i s saturated, thereﬁé %austn an econaoni ¢ disadvantagp and decr.easi ng

u

pai nt abi | FEYRAG 8o PrR-EY. TAE EHELREENGTCBI™MEPHI VPAYG e T8t &%t r eat ment
t of it ti, to,th | I d steel t, f

POl coat be( PRECELPoPF SFELERT PRESLofoEysT oM ngr thfe SRS S Sifeere

coueere coapapisBerRRLR! Kl® G shRg ok RuBPlll REhnen oFh-ERBEe RbERDG or o

squeeze coater of i noarr Rod or a

(ol forrokng, HRLBAA-CR0-0e0RE! AERL 18 BdLSt (DS COREN AR ke 2

uni form su ear anc a“unifor I"¢kness. ter

gal vani zed sbeelnSMeekihg 69RLEdcnaBRLIALLANL ML e SUT EAGE I eat ment

agent, the surface treatnent agent is heati ng preferably w thout

wat er “ﬂSBBBQioﬁSih@%pgﬁﬁéagiﬂehhggonCQHbﬁrpr@%e@%ﬁ'@%@éﬂﬂ%ﬂﬁ”nace’ a
hi gh-frequency i nduction heating furnace, and an - 41 - infrared furnace can

be used. Thevenyi #@siistRRCEQr B atxddie did i pit e SHEet t § enparat Biue 20f (i he
gal vani zed steel sheet within the range of 50C to 180C. The ultimte Sheet

t enper at upaiatabowetyt BaBe20€1abllows dckharge iaghynthefrandt ¢frddndi@midn in the
coating film and thus unsatisfactory corrosion resistance is exhibited_ The
ul ti mat e sheehetémper ghllvenéxeeeditrg 1180E€eits rineconomirealt iand irmkess t he
coating filmhard and brittle, and thus corrosion resistance at a processed
portion isodperedsegdth usual products. Further, the surface

treatment agent is excellent in storage stability and is

thus industrially very advantageous because the same coating

can be formed even after storage.

[0038]

In the surface treatment agent used in the present
invention, the resin compound (A) having a bisphenol
skeleton is represented by the following general formula (I).

[0038]

[Chem. 4]



[ 0062] The gal vani zed steel sheet of the present invention which has the
surface treatnent coating filmfornmed by the above-descri bed nethod can be
imparted with higher corrosion resistance by further coating the surface with
a resin coating film [00631 In addition, the surface treatnent coating
filmfornmed with the surface treatnent agent of the present invention may be
formed on one or both of the surfaces aof; the gal vani zed steel sheet. [0064]

<(peration of the present invention> The function advantages of the
above-descri bed definition of roughness of the gal vani zed surface are as
descri bed above. In the present invention, the significant - 42 - effect that

conductivity can bggynore inproved, and corrosion resistance is not inpaired is
first exhibited by|farm ng, with the surface treatnent agent, the surface
treatment coatin Y mon the hot-dip gal vani zed steel sheet having the
above-descri bed ace roughness. The inventors suppose that this effect is
due to the follow hg actqon: The surface treatnent agent used in the present
i nvention has| PeW §e%tt i ity to the gal vani zed surface and thus forns a
surface treatpen ating film 3 which is thin on projecting portions 2A and
t hi ck on recegsey, portH of the gal vani zed surface 2 having roughness as
shown in Fig.|2 e thim coating 3 on the projecting portions 2A inproves
conductivity. || J e, corrosion resistance is generally liable to be
degraded on the projecting portions. However, the surface treatnent agent used
in the present invention is a surface treatnent agent mainly containing a
silane coupling agent and thus can forma dense coating filmby pnlysiloxare,
t hereby achi ewengostiifibci(@nt goOr&08i oN H@EsiSd A HEYRMMhemshesgeating film
formed is thin on the projecting portions 2A

each independently a hydrogen atom or a Z group represented

by general formula (II) or (III) below, and the average
number of Z groups substituted per benzene ring is 0.2 to
1.0. In addition, n represents an integer of 2 to 50.
[0040]

Here, the average number of Z groups substituted is a
value obtained by dividing the total number of Z groups
introduced by the total number of benzene rings (i.e., 2n).
In the present invention, when a Z group is selected as each
of Y; and Y;, the resin compound (A) contains at least one
cationic functional group of primary to tertiary amino
groups and quaternary ammonium bases, and thus the resin
compound can be stably dissolved in the acid (pH of 4 to 5)
surface treatment agent intended in the present invention.
In addition, in the present invention, the average degree of
polymerization n is 2 to 50. When n is less than 2, the

effect of imparting corrosion resistance becomes



[ 0065] Next, each of the conponents of the surface treatnent agent is
supposed to have the followi ng function, but the present invention is not
limted to these suppositions. The surface treatnment agent of the present

invention contains - 43 - the resin conpound (A), the cationic urethane (B)
and the silane coupling agent (C) as mmin conmponents, which formthe skel eton
of the coating film [0066] By _adjgusting, to a weak acidic value, the pH

of the surface treatnment agent containing the resin conpound (A) having a
cationic functional group (general fornula (Il) or (Il11)), the surface
treatnment agent is increased_in stability, securing storage stability. In

addi ti on, UBy 2L ABAPELLAG YeatPdA®, YRRB Pe8FACEOfpaUnd SEAP 1LY hvadd ith¥ol ubl e in an
al kal i, and thus the coating filmhas al kali resistance. Further, when

bi sphenol F§358P8Et 84°8S éspﬁ§HSPa§E9I eli6n t6f at RECFESER d@n‘fs’@ﬁﬁdf (A), the

resin co A htly luble in a, olar s arted with
ol vent rBSTSPARCEY SPROFBES FHRPEYi HOCAaRYSFOH ARG COPRSIOR FEULt ance.

[ 0067] However .ﬁh resin conmpound (A) is liable to be tinged with
yeIIOM/bySﬁ85FQﬁgS?83& égged in yell owing resistance) and easily for= a hard
coating figghllherefore, by m xing the cationic urethane (B), the phenol resin
i's softené d corrosion resistance is secured at a processed portion.

[ 0069] [Che Mhlgg the cationic urethane (B) has the above-described effect,

t he coatlng IS made easy to peel with a polar

R,
e ‘
—CH=N__ (11)
Ry
[0042]
[Chem. 6]
R
-+ / 3 _
—CHy~N—R, A (I11)
\\R
5

In the formulae (II) and (III), Ry, Rz, Ri3, R4, and Rs each
independently represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, or a hydroxyalkyl group having
1 to 10 carbon atoms. When the number of carbons in an
alkyl group or a hydroxyalkyl group exceeds 10, the resin
compound (A) becomes inapplicable because it cannot be
sufficiently solubilized in water and is destabilized in the
treatment agent. Examples of R;, Rz, R3, R4, and Rs include
methyl, ethyl, propyl, butyl, hydroxyethyl, Z2-hydroxypropyl,

hydroxyisobutyl, and the like.



- 44 - solvent. Therefore, in order to secure solvent resistance (to a polar
sol vent) and yell ow ng resistance, the silane coupling agent (C) is mxed. The
silane coupling agent (C) produces an active silanol group (Si-OH by

hydrol ysis of a term nal al koxy group and thus contributes to inprovenent in
adhesion to a base material (galvanized steel sheet) and an upper coating
film Further, the silane coupling agenig (C) is partially dehydrated and
condensed to produce a siloxane bond (Si-OSi) which is continuously

pol ynmeri zed (form ng a pol ysil oxane polyner: -Si-O-Si-OSi-). As a result, a
very stable structure is fornmed, and thus corrosion resistance, solvent

resi st ancé904dd yel l ow ng resi stance can be inparted to the coating film

[ 0069] As_descri bed above, it is considered that the resin conpound (A),
the cationic ufetHEHEIBS gh &%’%licfearfé”bd?j’blaﬁfédﬁh’t @c’f)a“b?rléa%ég as the
mai n conponents.at ,an appropriate ratio so that various perfaornmances can be
achi eved &S?hagléoéanbéggaB N ﬁSﬁE@ﬁF,lpﬂé’pPgﬁﬁgﬁétﬁeﬁPgsreggﬁﬂFQEH in the

pr esent ig%%ntio%da hmeHLkas t he conventional problens cannot be
satisfactorlﬁy FeSolved 6nFy by the main conponents. In order to resolve these
problens,[bgg urface treatnent agent of the present invention contains, as
essential conponents, the organic titaniumchel ate conpound (D) besides the
mai n conponent T C = = anj i i el,at o] (D) is supposed
to function as§%ec£§§f§s§ém ?gﬁ@p?%ﬁn%%éﬁghgﬂ}%gn%?igggoggggﬁggionane when

the surfage figat ment jaganbikpndhbed rhenhenm theqeaaticdg fidn, Consequently,
the al kali resistance of the coating filmis remarkably inproved, and

corrosi onskashskanrcaeahbear takkabirng sdegreaski@edsol veat régshstaneeurdnd
paintability are also inproved. [0070] In order to achieve this effect,

t he organi(a)t ikarkunbehekatiaceanpynd oD xamplequirkad tdhga qirsgdeireim ned
content which is determ ned depending on the content of the silane coupling
agent (C) witht iotrheldnganidc ahi banhemicheéhat @reerpeend f( Bn atlkaliow content,
the desired effect cannot be achieved, while at an excessively high content,

t he coati rgthillysiti.s nmade hard and brittle due to an excessive increase in
anmount of polysiloxane, thereby decreasing the corrosion resistance at a
processed [pérbilon. In addition, the formation of polysiloxane with the organic
titaniumchel ate conpound (D) is ideally pronmoted during the formation of the
coating film HowebersurheceornariBanbf apenysitFesdane WehPtREéeditgani ¢ titani um
chel ate conpound (0) is also pronoted during storage of the surface treatnent
agent. TheéP&FaIdOhat PRAYEXCcEEE| +EPFYRINGHR Sc SRTERTCN o rdgd Nt lfitifianyic

(suppressi on Bf t hi ckeni n End eIIin%) i s decreased, and thus the sane
qual ity cHdRf6f2RE dbY ai Wé‘g‘c eféFe CRAG Lafignt mopgmer components, and

the polymerization method are not particularly limited as
long as the urethane (B) has at least one cationic
functional group selected from primary to tertiary amino
groups and quaternary ammonium bases. Examples of the
cationic functional group include an amino group, a
methylamino group, an ethylamino group, a dimethylamino
group, a diethylamino group, a trimethylamino group, a
triethylamino group, and the like. The primary to tertiary
amino groups or quaternary ammonium bases are not limited as

long as the performance of the present invention is not



storage. [0071] In addition, the surface treatnent agent of the present
i nvention further contains the tetraval ent vanadyl conpound (E) as an
essential conponent. In the present invention, the tetraval ent vanadyl
conpound (E) is supposed to function as a corrosion inhibitor (e.g.,

passi vation of zinc). In particular, vanadyl ions (VO2L) having one oxygen
atomis little eluted in a wet envirannmgnt. and exhibits the inhibitor effect
while remaining in the coating film Therefore, it is supposed that when the
gal vani zed steel sheet is subjected to strong processing such as bending, a
portion having ductile damage to the surface treatnment coating filmand the
galvanize&mQGgFﬁée is inproved in corrosion resistance and corrosion
resistanc% @f%ir al kal i ne degreasing. The inventors suppose that such an
effect is 4UAPEved by synergic effect with Ti present as cation on the

PR Lot e RS g BB SR ML A R
f d , |._sh hot - di ' i d t teel sheet
b R e e T T

2 PPl O 230aundey ke, condit [ans - 0f 030.eLAR9aLLD ST GRALAYB N 1 % and

nonuse of ro 0 so as to~adjust the roughness gal vani zed surface

to a Ra ogqggug ggueeg%ag] E’Ebmoaﬁlzgtﬂfeehggzgﬁgghérg?gtamh\éa%’ é?ﬁ% steel sheet

shown in ble 7. [O resin co shown i'n Table 1 (Tables |a

and 1b), uretBangn(BhoshownoiB, Tabher2aposihhk-ang, caupl hngeagent, 1&xyhown in
Tabl e 3, g ti?aniﬂn1%8ngo§%8 d) shoﬁnaPnOTgble94, a vgnadiunlégﬂbodﬁd (0)

shown. ingFabbeahd andtwax (wyieguksi-es shewayi griablse Guwereeappropriately
m xed to prepare a surface treatnent agent. Specifically, the surface

tr eat ment cagepl ewas fpaepacadtsonas stioahaveceathnaf atketcampqsidd,onstshown in
Tabl es 8 and adjusted to pH shown in Tables 8 using phosphoric acid, acetic
acid, forare acidpahydrofibudri ¢iadicdd ap,f Nudeindeoashagn )adi-d conponent and
ammoni a as an al kali conponent. Then, the surface treatnent agent was adj usted
wi t h dei opinzedrwabgl tsomehavxyke lsoki d Seentienprabptyéi rdmgithgxams i1E0E€ f or 2
hours was 10% by nass.

3-glycidoxypropyltrimethoxysilane, 3-

glycidoxypropylmethyldimethoxysilane, 2-(3,4-

epoxycyclohexyl)ethyltriethoxysilane, 3-

mercaptopropyltrimethoxysilane, and the like.

[0047]

In the surface treatment agent used in the present

invention, examples of the organic titanium chelate compound

(D) include titanium acetylacetonate, titanium octylene

glycolate, titanium tetraacetylacetonate, titanium

ethylacetoacetate, and the like. Inorganic salts such as

titanium nitrate, titanium sulfate, titanium acetate,

titanium phosphate, titanium carbonate, and the like are

undesirable because they cannot be stably dissolved in the

treatment agent of the present invention or do not exhibit



For all other surface treatnent agents, pH was adjusted with acetic acid and
ammoni a, and the drying solid content was adjusted to 10% by nass. As the

dei oni zed water, ion exchange water with an electric conductivity of 10 gS/cm
was used. [0074] - 48 - Each of the surface treatnent agents shown in
Tabl es 8 was applied using a roll coater to one of the surfaces of the

gal vani zed steel sheet with galvanizeg&ﬁgtface roughness adjusted to a Ra of
0.7 pmand a FPI of 170, and then drie y heating at each of the tenperatures
shown in Tables 8 wi thout water washing to produce a gal vani zed steel sheet
having a surface treatnent coating film The coating weight of the surface

t r eat ment tbeaeifdgcti o dmpgre isiddeowassadpuseed shypneent rolthagahhéhsol i d
content (heating residue) of the surface treatment agent or application

condi t i on§ffesltl ithg obdrdesdr 8yl tispatienhlydspéddorace. ) thrhd ideadiumy wei ght
was determ ned by calculation fromSi of the silane coupling agent (C

quant i t at PVEEY FAERLPEd 1 PR cdCrPRdreBdsRt ROr A adn &gz drl UordaTrs] The
surface appearance, conductivity, and corrosion resistance of the resultant
gal vani ze§°8t&at §ﬁe®tg WeMBFE| (4t 665 SWHh “FETSeff 6 38 PEsITGIF S esi st ance,
corrosion_resistance a plane port.ion,  corrosi resi stance at a, bend
portion, §ﬁ§aE6WFo Po%%Fe S, n@@qéptgphgﬁﬁglp e%ﬁggfggﬁquf%m¥%uébaluated.
Furt her, h heat_.di_ scol oration resi stanc paj. il naintability

i ter ol ke ne dgrararhgC SOrTeRnt d8s: ane tne A% it "ang

'UbriCityag%%tt?%Bes-AIhg EfggkiﬁeaéSnﬁQR%“oE”%Tég'gzsﬁasgggrggggkﬁy

per formance was eval uate nder conditrons - 49 Cri ow. [0076]

(1) Surfagecappearancs roEhecsiidace %%%%%%%%d%o%%é%@'rﬁaﬁ"’as eval uat ed
by vi sual observation. Evaluation criteria were as follows: Crcle: Good

appear anC@egraded. When an aqueous solution of the organic titanium
chelate compound is used, titanium is dissolved as a chelate
complex, and thus it is preferred that a water-soluble
solvent or peroxide having high polarity which influences
the complex is not added to the treatment agent of the
present invention.
[0048]

In the surface treatment agent used in the present
invention, examples of the tetravalent vanadyl compound (E)
include, but are not particularly limited to, wvanadyl
sulfate, wanadyl dichloride, vanadyl phosphate, vanadyl
oxalate, vanadyl acetylacetonate, and the like. A
pentavalent vanadium compound has high water solubility and
thus has high elusion from the coating film and has the
small effect of improving corrosion resistance. As the
tetravalent vanadyl compound used in the surface treatment

agent of the present invention, a vanadyl compound which



Triangle: Slight irregularities/spangle pattern Cross: C ear
irregularities/spangle pattern [0077] (2) Conductivity Conductivity of
each sanpl e was neasured according to JI'S K7194: 1994 usino Loresta GP

(manuf actured by M tsubishi Chem cal Corporation) as an apparatus and ASP
probe as a probe. Measurenent was perforned at 10 points and the probability
of showing 0.1 nO. or less was defined s _a rate of conductivity devel opnent.
Eval uation criteria were as foll ows: Circle: Rate of conductivity

devel opment of 100% Tri angl e: Rate of conductivity devel opnent of 50% or nore
and | ess than 100% Cross: Rate of conductivity devel opnent of |ess than (3)
Cor r osi onPEESTEFaNfe AEHIAdEpr ayPlt est RPTS-PAY P sshRPCEE Dhdueed for -

50 - each sagpl% a%% a. rzte of white rust qQccurrence area was eval uated after
t he Iapsehc‘ﬂ‘PI 25t hEdr-§CTERR dBPEON I NEr PPEFPE IR & ©8d ST FEws % Doubl e
circle: REth@Lle white rust occurrence area of |ess than 5% Circle: Rate
of white rust éccurrence area of 5% or nore and | ess than 30%

In the surface treatment agent used in the present
invention, the solid content of the cationic urethane (B) is
0.10 to 0.30 in terms of ratio by mass [(b)/{(a) + (b) +
(c)}] relative to the total solid content of the resin
compound (A), the cationic urethane (B), and the silane
coupling agent (C). The ratio by mass is more preferably
0.12 to 0.28. When the ratio by mass is less than 0.10, the
corrosion resistance at a bend portion, heat resistance, and
the storage stability of the surface treatment agent are
degraded due to the excessively low ratio of the urethane
resin. When the ratio by mass exceeds 0.30, solvent
resistance is degraded.

[0050]

In the surface treatment agent used in the present
invention, the solid content of the silane coupling agent
(C) is 0.60 to 0.85 in terms of ratio by mass [(c)/{(a) +
(b) + (c)}] relative to the total solid content of the resin
compound (A), the cationic urethane (B), and the silane
coupling agent (C). The ratio by mass is more preferably
0.65 to 0.80. When the ratio by mass is less than 0.60,
solvent resistance is degraded. When the ratio by mass

exceeds 0.85, the corrosion resistance at a processed



Triangl e% Rate of white rust. occurrence area of 30%or nore and | ess than 50%
Cross: Rate of white rust occurrence area of 50% or nore [00791 (4) Corrosion.
resi stance at processed portion. Each sanple was bent at 190' so as to
hol d a bar (stainless bar) haying a diameter of 2 mmand gripped with a vice.
A salt spray tent (JI8-2Z-2371-2000) was conduced for the bend sanple and a
state of white rust occurrence on the ojfer (surface) side of the bend portion

was eval uated after the., |apse of 24 hours. Evaluation criteria. were as
foll ows: Doubl e circle: Rate of white rust occurrence area of |less. than
5% Circle: Rath of white rust Occurrence area of 5A or nore and | ess

t han 30% Portion padgltée Rhpsage whiabd LiGdt Odcdhier NEd e d 162 B0Mr nore and

|l ess than 50% - 51 - Cross: Rate of white rust occurrence area of 50% or nore
agent are degraded.

[0051]

In the surface treatment agent used in the present
invention, the solid content of the silane coupling agent
(C) is 50 to 70 in terms of ratio by mass [(c)/Ti] relative
to the content of the organic titanium chelate compound (D)
in terms of titanium. The ratio by mass is more preferably
55 to 65. When the ratio by mass is less than 50, the
corrosion resistance at a processed portion and the storage
stability are degraded, while when the ratio by mass exceeds
70, elusion from the coating film is increased, and
paintability after alkaline degreasing is decreased.

[0052]

In calculating the above-described ratio by mass, the
mass of the silane coupling agent (C) is the mass under a
condition in which alkoxysilane (R-Si(-OR;)3) is hydrolyzed
into silanol (R-Si(-OH)3). This is because the silane
coupling agent is mostly hydrolyzed when being dissolved in
water, and an alcohol produced by hydrolysis is evaporated
when the treatment agent of the present invention is applied
and dried to form the coating film and thus does not
function as an effective component.

[(0053]

In the surface treatment agent used in the present



[0080] (5) Corrosion resistance after al kaline degreasing Al kal i ne
degreasi ng agent CL-N3643 (manufactured by N hon Parkerizing Co., Ltd.) was
di ssolved at a concentration. of 20 g/1 in pure water and heated to 60C. Each
sanple was immersed in the resultant al kaline solution for 2 mnutes, taken
out, washed with water, and then dried. A salt spray test (JIS-Z-2371-2000)
was conduced for each sanple and a rategof white rust occurrence area was
eval uated after the | apse of 72 hours. Evaluation criteria were as descri bed
above in (3). [0081] (6) Heat discoloration resistance Each sanpl e was
heated to a sheet tenperature of 500C over 30 seconds in an infrared inmage
furnace, HBVAPHiABd Eg? 3onserénas, thRdteheAvalPBied2R8dHat GREPPYNE¢bol to room
tenperature, In this state, the surfa vi sual | y observed.

e_appearance, B wa

EvaluatioﬁE&r?PeFPEmﬁePé X?nFSFPﬁmé? épaﬁlgocprgﬁan eam§c8¢oF&F96h Circle:
very sl ght thnge ol brosn Trianole: Psgolerati gp Lol befb rown G oss:

titanium chelate compound (D) in terms of titanium. The

ratio by mass is more preferably 0.35 to 0.48. When the

ratio by mass is less than 0.30, corrosion resistance is

degraded, while when the ratio by mass exceeds 0.50,

paintability after alkaline degreasing is degraded.

[0054]

The surface treatment agent used in the present
invention is adjusted to pH 4 to 5. With less than pH 4,
zinc is much eluted from the galvanized steel sheet to be
surface-treated, thereby decreasing corrosion resistance.

On the other hand, with over pH 5, the stability of the
surface treatment agent cannot be attained. As an acid
component used for adjusting the pH to 4 to 5, phosphoric
acid, acetic acid, formic acid, hydrofluoric acid, and
fluoride are preferred, while strong acids such as sulfuric
acid and nitric acid are undesired. This is because when
sulfuric acid or nitric acid is used, cation phenol and
cation urethane tend to be gelled in the surface treatment
agent due to pH shock (local and rapid pH change) in pH
adjustment, and a salt formed with gelling is highly eluted,
thereby decreasing corrosion resistance. Acetic acid and

formic acid are weak acids and are thus preferred for pH



(7) Paintahility Each sanple was painted with Dericon (registered trade
name) #700 (manufactured by Dai-N ppon Paint Co., Ltd.), which was a nel am ne
al kyd-type paint, and then baked at 130C for 30 minutes to forma coating film
with a thickness of 30 ym Then, the sanple was imersed in boiling water for
2 hours and immediately cut, up to the steel base, in a grid pattern (10 x 10
squares, 1 mminterval). Further, the samle was extruded by 5 nmwith an

Eri chsen extruder in such a manner that the cut portion faced outward (surface
side) and subjected to adhesion and peeling of an adhesive tape to neasure a
peel ed area of the coating film Evaluation criteria were as described bel ow.
The Erich3énuekiensionleordi ¢dhnsaeie arpunthe dpapeeeredf fromnihea die

di aneter of 27 nnL and a drawing width of 27 mm according to JI S Z-2247-2006.
Doubl e ci VéPEPONBtpEBRENGhE) ﬁ@FgS\AP?Hephﬁgh PeérEd Lardacdr PESs thivdn 3%
Circle: Peeled area of 3% or, npre and | ess than 10% Circle with m nus: Peel ed
area of 16Y/BPTRHFE SHAIPEsET¥REA 969 TR SHGIFECCPEErPEE™ENEa 29T 30% or nore and

| t han_50% Cr oss: _Peel.ed f 50% 00831 (8) Paintability aft
alkal i no. g7 6% Agorooas s ehe r8ule S ARFneCabgr dading WS per f ored by

Lhe sars woLbor 98UERELL et Ronse byt Rk FOR) SATALS B aublagi o0 o the

al'so the $3ME.a8440n6 hnok R84 14 NsSOLYEMoLERLFIANEE 1 d, the content
is preferably 8% by mass or less, more preferably 6% by mass
or less, relative to the total solid content of the resin
compound (A), the cationic urethane (B), and the silane
coupling agent (C). Although phosphoric acid improves
corrosion resistance, a content exceeding 8% by mass causes
the possibility of deterioration in storage stability. 1In
addition, in use of hydrofluoric acid or fluoride, it is
preferably mixed so that the fluorine content is 0.8% by
mass or less relative to the total solid content of the
resin compound (A), the cationic urethane (B), and the
silane coupling agent (C). A fluorine content exceeding
0.8% by mass enhances etchability of a zinc-based coating,
thereby decreasing the corrosion resistance at a processed
portion. On the other hand, when pH is excessively
decreased, ammonia water or an amine having a boiling point
of 100°C or less is preferred as an alkali component used
for adjusting the pH to 4 to 5. The use of a strong alkali

such as NaOH or KOH causes the formation of a gel due to pH

shock or decreases the storage stability.



A gauze having a surface inpregnated with nethanol was pressed on a surface of
each sanple by applying a load of 4.90 N (500 gf) and the sanple was rubbed
with the gauze for 10 roubdtrips under the | oad applied. Rubbing marks were
eval uated by visual observation_ Evaluation criteria were as foll ows: Doubl e
circle: No mark was observed. Crcle with plus: No mark was observed from
above, but marks were slightly observedg rroman oblique direction. Crcle: No
mar kK was observed from above, but marks were clearly observed from an oblique

direction. Circle with mnus: Marks were slightly observed from above.
Triangl e: Marks were clearly observed from above. Cross: The coating fil mwas
peel ed. [08B3P](10) Storage stability Each of the surface treatment

agents shown in Tables 8 was stored, in conﬁ&ant tg&gerat re b th of 40C for
30 - 54 - days} %%%hpg%ﬁ?%ﬁx9QY%%ﬁ%%%¢'%ﬁén heS2% e aéﬂa t iEn t he

appear ance. t her eqf ed by vi suakbobser vation. Evaluation criteria

were as deBGrPBe aﬁgﬁﬁﬁg §m§phe?ge g£P5a §eau§985F ?ﬁegFCH§9fﬁb a surface

L CaU TNt GALLIG,LETLLAT BN B360. chd NGuPUlifoBs L PREUBIL, gaont s ot r e

(5). mixed so that the solid content of the wax (W) is 0.01 to
0.10 in terms of ratio by mass relative to the surface
treatment coating film. When the content is 0.01 or more,
lubricity becomes satisfactory, while when the content is
0.10 or less, lubricity can be secured, storage of the
surface-treated steel sheet produced in the form of a coil
causes no occurrence of coil crashing, and neither increase
in cost nor decrease in corrosion resistance occurs. As the
wax (W), at least one type of wax having a melting point of
70°C to 120°C is preferably used. Examples thereof include
polyethylene wax, oxidized polyethylene wax, polypfopylene
wax, microcrystalline wax, and the like. With a melting
point of 70°C or more, lubricity can be imparted, and with a
melting point of 120°C or less, lubricity can be imparted
without excessively high hardness. The wax (W) is
preferably an emulsion prepared by dispersing it in water
with an emulsifier, and preferably has a particle diameter
of 0.08 to 0.30 pum. With a particle diameter of 0.08 pm or
more, the effect of lubricity can be achieved, and the
amount of the emulsifier used is not increased, thereby

causing no deterioration in alkali resistance and



Doubl e circle: No change Circle: Trace anount of precipitates Triangl e:
Smal | anount of precipitates or slight increase in viscosity Cross: Large
anount of precipitates or gelling [0086] (11) Lubricity A di sk-shaped
test piece having a dianmeter of 100 mmwas cut out from each sanple and forned
into a cup shape under the conditions including a punch dianeter of 50 mm a
die diameter of 51.91 nmm and a blank hplding force of 1 ton. The appearance
of the drawn surface (outside of the side surface of a cup) of the forned
product was exam ned by vi sual observation to evaluate a degree of flaw ng and

a degree of bl ackening. Evaluatlon criteria were a | Qws: . Doubl e
circle: SBB&P&ﬁPFéFFV no %h%h%eoﬁﬁgro%%%?ve h%v@?th%l%ngFP@e§ﬁFfé§e and the

Circl ht bl ack d but th
e apgeAT BACE el oA By A TooS BeF3ig SlPgha rraw g Cand bIdCkEN ng

occurred and,{he, appearance uas %' ALLY NAQUILEGL™, 1 specific gravity

of the wax (W), thereby causing excellent storage stability.
[0056]

The water (F) used in the present invention preferably
has a small influence on each of the components of the resin
compound (A), the cationic urethane (B), the silane coupling
agent (C), the organic titanium chelate compound (D), and
the tetravalent vanadyl compound (E), and the acid component
or alkali component used for pH adjustment. For example,
hardness-increasing components such as Mg, Ca, and Si, which
are contained as impurities in water, decrease the
solubility and dispersibility of the resin compound (A) and
the cationic urethane (B) of the present invention and thus
may cause the occurrence of aggregates of (A) and (B). In
addition, Na and Cl contained as impurities in water may
decrease corrosion resistance or decrease coating adhesion
when remaining in the coating film. Therefore, the water
(F) used preferably contains small amounts of impurities and
has, for example, an electric conductivity of less than 100
pS/cm. The electric conductivity is more preferably 50 puS/cm
or less and most preferably 10 uS/cm or less.

[0057]

If required, an antifoaming agent and a wettability



Crcle wwth Mnus: Flaw ng and bl ackening locally occurred and the appearance
was clearly nonuniform Triangl e: Flaw ng and bl ackening significantly
occurred mainly at corners. Cross: Cracked and unable to be forned. [0087]
[ Tabl e | a] Al Hydr ogen Et hyl Met hyl Hydr ogen Et hyl Propyll Hydrogen A4
Hydr oxyet hyl Hy droxyethyl Hydroxyethyl ASHydrogen HydrogenMet hyl

- 38 -

improver may be added to the surface treatment agent used in
the present invention. The type of the antifoaming agent is
not particularly limited, and for example, a silicone-based
or fatty acid-based emulsion type can be used. The
wettability improver improves wettability of the hot-dip
galvanized steel sheet by decreasing the surface tension of
the surface treatment agent, improving appearance uniformity.
Examples of the wettability improver include, but are not
limited to, water-soluble solvents such as ethanol, T-
butanol, butyl cellosolve, and the like. The wettability
improver containing acetylene is also preferred because it
also has an antifoaming effect. Further, for the purpose of
improving blackening resistance, a nitrate such as nickel
nitrate or ammonium nitrate may be added to the surface
treatment agent used in the present invention. Although
nitric acid gives a pH shock as described above, a nitrate
does not give a pH shock.
[0058]
<Method for producing hot-dip galvanized steel sheet using
surface treatment agent>
(1) Roughness imparting step

The treatment base sheet is hot-dip galvanized by
passing through a usual continuous hot-dip galvanization
line and then temper-rolled to adjust the surface roughness

of the galvanized steel sheet. In view of home appliance



A6Hydr ogenHydr ogenMet hyl A7Hydr ogenHydr ogenMet hyl A8 j C12H21Met hyl Hydr ogen A9
Hydr oxyet hyl Hydroxyet hyl Hydroxyethyl Al 0 i _ Hydroxyethyl Hydroxyet hyl
Hydrwryet hyl Al Hydroxyet hyl Hydroxyethyl Hydroxyethyl Al 2- C

| aH22c/ Ei Met hyl Hydrogen .............. . _ *" A group represented by
general fornmula (I11) was Propyl 0.7 Ethyl 0.4 Hydroxyethyl 0.5 Ethyl Ethyl1.25
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application, the coating weight of the galvanized coating on
one side may be 5 g/m? or more because the use environment
is not severe. The surface roughness after coating may be
adjusted by controlling the temper rolling conditions such
as the surface roughness of a temper rolling (skin pass)
work roll installed after the coating step in the hot
galvanization line, an elongation percentage, rolling oil,
etc. The method for adjusting the surface roughness of the
work roll is not particularly limited, but shot dull
texturing, laser dull texturing, electro-discharge dull
texturing, or the like can be applied.

[0059]

The temper rolling is preferably performed using a work
roll with Ra and PPI adﬂusted to 0.8 to 5 um and 150 or more,
respectively, by shot dull texturing, laser dull texturing,
or electro-discharge dull texturing. The elongation
percentage is preferably 0.5 to 1.5%. The temper rolling in
either a dry manner or wet manner has no problem as long as
roughness can be imparted.

As described above, the hot galvanized steel sheet
having a Ra of 0.5 to 2.0 pm, a PPI of 150 or more, and a
Wca of 0.5 pm or less is produced.

[0060]
(2) Step of forming surface treatment coating film

The surface treatment agent is applied to the hot-dip



Et hyl 0. 4aro Hydr ogenO. 55 Hydroxyet hyl 0,1 Hydroxy ethyl 125 Hydrwyethyl 0.5
Hydr ogen0. 5s used as Z group - 56 - A group represented by general formula
(1) was used as Z group.
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galvanized steel sheet imparted with roughness as described
above and then dried at an ultimate sheet temperature of
50°C to 180°C to form a chemical conversion coating on the
galvanized surface. The surface treatment coating film is
preferably formed on the surface of the steel sheet with a
coating weight of 0.2 to 1.0 g/m® per one side. With a
coating weight of less than 0.2 g/mz, satisfactory corrosion
resistance is not obtained, while with a coating weight
exceeding 1.0 g/m?, the coating weight is saturated, thereby
causing an economic disadvantage and decreasing paintability
and conductivity. As the method of applying the surface
treatment agent of the present invention to the galvanized
steel sheet, any one of a roll coater (three-roll system,
two-roll system, or the like), a squeeze coater, and a die
coater may be used. In addition, after application with the
squeeze coater or the like, dipping, or spraying, an air
knife method or a roll drawing method can be performed to
adjust the coating amount and make a uniform surface
appearance and a uniform thickness.

[0061]

After the galvanized steel sheet is coated
(application) with the surface treatment agent, the surface
treatment agent is dried by heating preferably without water
washing. As the drying method, a drier, an air-heating

furnace, a high-frequency induction heating furnace, and an



[0989] [Table 2] 'Table 2 Urethane resin (b) Nar.iUethane resin (b) 31 Adeka
Bontiter HUX-670 32Superfl ex 600 83Vermari ne UC-20 94Adeka Bontiter UX-206
B5SHydran AP-10 lon icityManufacturer -- Cation ADEKA Corporation Cation

Dal -ichi Kogyo Seiyaku Co., Ltd. Cation Sanyo Chem cal |ndustries, Ltd. Nonion
ADEKA Cor por ati on

- 41 -

infrared furnace can be used. The drying is performed at
the ultimate sheet temperature of the galvanized steel sheet
within the range of 50°C to 180°C. The ultimate sheet
temperature of lower than 50°C allows a large amount of
water to remain in the coating film, and thus unsatisfactory
corrosion resistance is exhibited. The ultimate sheet
temperature exceeding 180°C is uneconomical and makes the
‘coating film hard and brittle, and thus corrosion resistance
at a processed portion is decreased.
[0062]

The galvanized steel sheet of the present invention
which has the surface treatment coating film formed by the
above-described method can be imparted with higher corrosion
resistance by further coating the surface with a resin
coating film.

[0063]

In addition, the surface treatment coating film formed
with the surface treatment agent of the present invention
may be formed on cne or both of the surfaces of the
galvanized steel sheet.

[0064]
<Operation of the present invention>

The function advantages of the above-described

definition of roughness of the galvanized surface are as

described above. In the present invention, the significant



Ani onDI C Corporation [Table 5] Table 5 Vanadi um conpound (e) No.V conpound
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effect that conductivity can be more improved, and corrosion
resistance is not impaired is first exhibited by forming,
with the surface treatment agent, the surface treatment
coating film on the hot-dip galvanized steel sheet having
the above-described surface roughness. The inventors
suppose that this effect 1s due to the following action:
The surface treatment agent used in the present invention
has low reactivity to the galvanized surface and thus forms
a surface treatment coating film 3 which is thin on
projecting portions 2A and thick on recessed portions 2B of
the galvanized surface 2 having roughness as shown in Fig. 2.
The thin coating 3 on the projecting portions 2A improves
conductivity. In this case, corrosion resistance is
generally liable to be degraded on the projecting portions.
However, the surface treatment agent used in the present
invention is a surface treatment agent mainly containing a
silane coupling agent and thus can form a dense coating film
by polysiloxane, thereby achieving sufficient corrosion
resistance even when the coating film formed is thin on the
projecting portions 2A.
[0065]

Next, each of the components of the surface treatment
agent is supposed to have the following function, but the
present invention is not limited to these suppositions. The

surface treatment agent of the present invention contains



[0093] [Table 6] Table 6 Wax (w) enul sion WAaxpointSolic content of ax type
(w) (O dispersion (%9 W j Oxidized pol yet hyl ene wax115120 M crocrystalline
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the resin compound (A), the cationic urethane (B), and the
silane coupling agent (C) as main components, which form the
skeleton of the coating film.

[0066]

By adjusting, to a weak acidic value, the pH of the
surface treatment agent containing the resin compound (A)
having a cationic functional group (general formula (II) or
(ITI)), the surface treatment agent is increased in
stability, securing storage stability. In addition, by
imparting cationy, the resin compound (A) is made insocluble
in an alkali, and thus the coating film has alkali
resistance. Further, when bisphenol is selected as a phenol
skeleton of the resin compound (A), the resin compound (A)
is made slightly soluble in a polar solvent (imparted with
solvent resistance), thereby improving adhesion and
corrosion resistance.

[0067]

However, the resin compound (A) is liable to be tinged
with yellow by heating (decreased in yellowing resistance)
and easily forms a hard coating film. Therefore, by mixing
the cationic urethane (B), the phenol resin is softened, and
corrosion resistance is secured at a processed portion.
[0068]

While the cationic urethane (B) has the above-described

effect, the coating is made easy to peel with a polar



0.1 [0094] [Table 7] Coating weight (g/nR) 45 45 45 X Coating was perforned
on both surfaces, but the coating weight on one side is shown. - 60 -
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solvent. Therefore, in order to secure solvent resistance
(to a polar solvent) and yellowing resistance, the silane
coupling agent (C) is mixed. The silane coupling agent (C)
produces an active silanol group (Si-OH) by hydrolysis of a
terminal alkoxy group and thus contributes to improvement in
adhesion to a base material (galvanized steel sheet) and an
upper coating film. Further, the silane coupling agent (C)
is partially dehydrated and condensed to produce a siloxane
bond (Si-0-Si) which is continuously polymerized (forming a
polysiloxane polymer: -Si-0-Si-0-Si-). As a result, a very
stable structure is formed, and thus corrosion resistance,
solvent resistance, and yellowing resistance can be imparted
to the coating film.

[0069]

As described above, it is considered that the resin
compound (A), the cationic urethane (B), and the silane
coupling agent (C) are used as the main components at an
appropriate ratio so that wvarious performances can be
achieved with a good balance. However, the problems newly
recognized in the present invention as well as the
conventional problems cannot be satisfactorily resolved only
by the main components. In order to resolve these problems,
the surface treatment agent of the present invention
contains, as essential components, the organic titanium

chelate compound (D) besides the main components. The
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organic titanium chelate compound (D) is supposed to
function as a catalyst which promotes the formation of
polysiloxane when the surface treatment agent is dried to
form the coating film. Consequently, the alkali resistance
of the coating film is remarkably improved, and corrosion
resistance after alkaline degreasing, solvent resistance,
and paintability are also improved.

[0070]

In order to achieve this effect, the organic titanium
chelate compound (D) is required at a predetermined content
which is determined depending on the content of the silane
coupling agent (C). With the organic titanium chelate
compound (D) at a low content, the desired effect cannot be
achieved, while at an excessively high content, the coating
film is made hard and brittle due to an excessive increase
in amount of polysiloxane, thereby decreasing the corrosion
resistance at a processed portion. In addition, the
formation of polysiloxane with the organic titanium chelate
compound (D) is ideally promoted during the formation of the
coating film. However, the formation of polysiloxane with
the organic titanium chelate compound (D) is also promoted
during storage of the surface treatment agent. Therefore,
at an excessively high content, storage stability
(suppression of thickening and gelling) is decreased, and

thus the same quality cannot be obtained before and after
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storage.
[0071]

In addition, the surface treatment agent of the present
invention further contains the tetravalent vanadyl compound
(E) as an essential component. In the present invention,
the tetravalent vanadyl compound (E) is supposed to function
as a corrosion inhibitor (e.g., passivation of zinc). 1In
particular, vanadyl ions (VO?*) having one oxygen atom is
little eluted in a wet environment and exhibits the
inhibitor effect while remaining in the coating film.
Therefore, it is supposed that when the galvanized steel
sheet is subjected to strong processing such as bending, a
portion having ductile damage to the surface treatment
coating film and the galvanized surface is improved in
corrosion resistance and corrosion resistance after alkaline
degreasing. The inventors suppose that such an effect is
achieved by synergic effect with Ti present as cation on the
assumption that the coating film has a proper skeleton
having a cationic functional group.

EXAMPLES
[0072]
EXAMPLE 1

A galvanized coating film was formed on a steel sheet

by hot-dip galvanization, and then the steel sheet was

temper-rolled with an electro-discharge roll having a Ra of
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2.1 pm and a PPI of 250 under the conditions of an
elongation percentage of 1 % and nonuse of rolling oil so as
to adjust the roughness of the galvanized surface to a Ra of
0.7 um and a PPI of 170, thereby forming a galvanized steel
sheet shown in Table 7.

[0073]

A resin compound (a) shown in Table 1 (Tables la and
1b), urethane (b) shown in Table 2, a silane coupling agent
(c¢) shown in Table 3, a titanium compound (d) shown in Table
4, a vanadium compound (e) shown in Table 5, and wax (w)
emulsion shown in Table 6 were appropriately mixed to
prepare a surface treatment agent. Specifically, the
surface treatment agent was prepared so as to have each of
the compositions shown in Tables 8 and adjusted to pH shown
in Tables 8 using phosphoric acid, acetic acid, formic acid;
hydrofluoric acid, or fluoride as an acid component and
ammonia as an alkali component. Then, the surface treatment
agent was adjusted with deionized water so that the solid
content after drying at 110°C for 2 hours was 10% by mass.
For all other surface treatment agents, pH was adjusted with
acetic acid and ammonia, and the drying solid content was
adjusted to 10% by mass. As the deionized water, ion
exchange water with an electric conductivity of 10 pS/cm was
used.

[0074]
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Each of the surface treatment agents shown in Tables 8
was applied using a roll coater to one of the surfaces of
the galvanized steel sheet with galvanized surface roughness
adjusted to a Ra of 0.7 pm and a PPI of 170, and then dried
by heating at each of the temperatures shown in Tables 8
without water washing to produce a galvanized steel sheet
having a surface treatment coating film. The coating weight
of the surface treatment coating film on one side was
adjusted by controlling the solid content (heating residue)
of the surface treatment agent or application conditions
(rolling force, roll rotational speed, etc.). The coating
weight was determined by calculation from Si of the silane
coupling agent (C) quantitatively measured with a
fluorescent X-ray analyzer.

[0075]

The surface appearance, conductivity, and corrosion
resistance of the resultant galvanized steel sheets were
evaluated. With respect to corrosion resistance, corrosion
resistance at a plane portion, corrosion resistance at a
bend portion, and corrosion resistance after alkaline
degreasing were evaluated. Further, each of heat
discoloration resistance, paintability, paintability after
alkaline degreasing, solvent resistance, storage stability,
and lubricity was testes. The results are shown in Tables 8.

The quality performance was evaluated under conditions
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described below.
[0076]

(1) Surface appearance

The surface appearance of each sample was evaluated by
visual observation. Evaluation criteria were as follows:

Circle: Good appearance

Triangle: Slight irregularities/spangle pattern

Cross: Clear irregularities/spangle pattern
[0077]

(2) Conductivity

Conductivity of each sample was measured according to
JIS K7194: 1994 using Loresta GP (manufactured by Mitsubishi
Chemical Corporation) as an apparatus and ASP probe as a
probe. Measurement was performed at 10 points and the
probability of showing 0.1 mQ or less was defined as a rate
of conductivity development. Evaluation criteria were as
follows:

Circle: Rate of conductivity development of 100%

Triangle: Rate of conductivity development of 50% or
more and less than 100%

Cross: Rate of conductivity development of less than
50%
[0078]

(3) Corrosion resistance

A salt spray test (JIS-Z-2371-2000) was conduced for



- 64 - - 65 - [0101] Tabl es 8 indicate that when the surface treatnent
agent within the scope of the present invention is used for the hot-dip

gal vani zed steel sheet with coated surface roughness within the scope of the
present invention, excellent performance is exhibited with respect to any of
t he surface appearance, conductivity, and corrosion resistance. On the other
hand, even when the coated surface raughness falls within the scope of the
present invention, use of the surface treatnent agent out of the scope of the
present invention has difficulty in satisfying both the conductivity and
corrosion resistance. [0102] Tabl es 8 further indicate that any of the

t est sheeF@CErEBWEiﬁ 88Fng FRECSHIT 4Bd Ler ERPreRCCHFERNS AR Wife scope of

t he present_inv%ntiog has excel | ent ogro%ion resjistance, (at a plane portion
and a pro&884BaTH6r fibRTahb®a FQ?edB%r 4sPAYY S -heAY 2 4Pk 6PBr GEiL6R Trési st ance,
paintabilit¥‘(evaluiﬁed directly and after degreasing), and sol vent

resi stancé: Fn®3ddrti8H the surface treatment agents within the scope of the
present inventjon intain t sanme.excel lent _guality before _and after

D orage. 101090 B O R R e s T e her baf ek B8t Rerr BHgeh of
Conpar ati yg Exapplesd (No. 4) out of the scope of the - 66 - present

i nvention contains the cationic urethane (B) at a content |ess than the scope
of the presentcipventiphte LOLTERY: ShOWENY00.EPLEROST QBLESESEgNGE at a bend
portion and a decrease in corrosion resistance after storage. In addition,
heat di scpherakhonikesi shancgoks degraded. I n Conparative Exanple' 2 (No. 8)
and Conparative Exanple 9 (No. 15), the content of the cationic urethane (B)
exceeds the scopeaefléherpresentyh Venthop, otberebyceauskbngolkowee guality
after al kali ne degreasi ng and unsati sfactory sol vent resistance. In

parti cul amnpr€onpar aks¥etkxanpbe 9 (No. 15) does not exhibit corrosion

resi stance at a bend portion. In Conparative Exanple 3 (No. 9), Conparative
Exanpl e 4 (No.Ci®3s: Coaparaf i wei fxanpse dc¢Noreddd, aCoaparatbeeokxanpl e 8 (No.
14), and Conparative Exanple 9 (No. 15), the organic titanium chel ate conpound
(D) of theopeesent invention is not m xed, thereby causing no quality at a

bend portion and after al kaline degreasing.
[0079]

(4) Corrosion resistance at processed portion

Each sample was bent at 180° so as to hold a bar
(stainless bar) having a diameter of 2 mm and gripped with a
vice. A salt spray test (JIS-2-2371-2000) was conduced for
the bend sample and a state of white rust occurrence on the
outer (surface) side of the bend portion was evaluated after
the lapse of 24 hours. Evaluation criteria were as follows:

Double circle: Rate of white rust occurrence area of
less than 5%

Circle: Rate of white rust occurrence area of 5% or
more and less than 30%

Triangle: Rate of white rust occurrence area of 30% or

more and less than 50%



[ 0104] Conparative Exanple 5 (No. 11), Conparative Exanple 7 (No. 13),
and Conparative Exanple 8 (No, 14) each do not contain the tetraval ent vanadyl
conmpound (E) and exhibit no corrosion resistance at a bend portion and a
decrease in quality after storage. Conparative Exanple 6 (No. 12) uses a

pent aval ent vanadyl conpound and thus exhibits no corrosion resistance at a
bend portion and after alkaline - 67 v,degreasing and further exhibits
decreased paintability after al kaline degreasing. In Conparative Exanple 7
(No. 13) and Conparative Exanple 9 (No. 15), the tests were perfornmed with
reference to Patent No. 3883831 and Japanese Unexam ned Patent Application
Publ i cati on NCro996-R82438f wikpeciivelgccponrgsie area hpafat P¥e Exanpl e 10
(No. 19) contains the silane coupling agent (C) at a content |less than the
scope of TRESpresent invention and thus exhibits | ower solvent resistance,
whi | e Comparative Exanple 11 (No. 22) contains the silahe coupling agent at a
cont ent ei@@@@ﬂng the scope of the present invention and thus exhibits no

S i t bend ti d ' i st f th
ol Ut on af tor (4% ora5o For CONpor HET Ve Exeipl 43 {1, 193} SoBREScontent of the

ol 1 o 12 {1, “93) e ;
(D) “oxceeds 1 e ERbPES Fo e pridcnrSrhyahtt ns 1 RirbBpReEiER A Bl oner T

ceeds e pr St o, "t Mg “Voner
Compar at | Ve B abar e 13 G, 95 . “tHe) cARroni JoF “Tha &1 ane coupling agent (O

s less thancLhe,seons 8 bhegpiesanbulaventbanankREabLcausigg 1o corr osion

resi stance at a portion orrosion resistance of the solution after
storage. [QLA6), Plgbﬁgéréﬁhéﬁsgﬁaﬁﬂl%hé4r@§9itaﬁkyaﬁﬁ%l&%@w@dﬂﬂtfoﬁxg‘

content of the tetraval ent vanadyl conpound (E) relative to the titanium
content ofothe @rdanke,t ikhashupuehek@bBed with water, and then dried.
A salt spray test (JIS-Z-2371-2000) was conduced for each
sample and a rate of white rust occurrence area was
evaluated after the lapse of 72 hours. Evaluation criteria
were as described above in (3).
[0081]
(6) Heat discoloration resistance
Each sample was heated to a sheet temperature of 500°C
over 30 seconds in an infrared image furnace, maintained for
30 seconds, and then allowed to naturally cool to room
temperature. In this state, the surface appearance was
visually observed. Evaluation criteria were as follows:
Double circle: No discoloration
Circle: Very slight tinge of brown
Triangle: Discoloration to light brown

Cross: Discoloration to brown

[0082]



conpound (D) is less than the scope of the present invention, and thus
corrosion resistance is not exhibited. Wiile in Conparative Exanple 15 (No.
30), the vanadi um content exceeds the scope of the present invention, and thus
corrosion resistance and paintability after al kaline degreasing are degraded.
Conpar ative Exanple 16 (No. 36), Conparative Exanple 17 (No. 37), and
Conparative Exanple 18 (No. 40), whichggre not adjusted to proper pH, exhibit
no corrosion resistance and | ower storage stability. Conparative Exanple 19
(No. 41) with high pH could not be tested because of gelling of the chem cal
agent. [0107] I n Conparative Exanple 20 (No. 42), the coating weight of
the coating filmiBalesabthbhhythe scope of the present invention, and thus
satisfactory corrosion resistance is_not obtained. Wile Conparative Exanple
21 (No. 45) exhi®hts2EP Hecrease? i mtedndtich i NeTicHRchice theredatiragewei ght of
t he coating filg1exceeds t he scope. of the gresent i,nvention. [0108] Wth
respect tB2PRe #d8Pn (RBRPEGREVERY, PYnLebiaPRPPvB2ERAmpPe r24t0NG s 51),

Co ive, le 28 (No., 55 i I 2 . 63), d

Compar at | VB EXaHBFo=38=( NG 787 L YL aber RS RunBOF 57o2 GRS Substi tuted i

I - 69 - .t.han t f.th tir Lon, while in. ti

Exanpl o 2730K6, 188) JOCHALT&0I U8 ERBMoRecaie (N, aa) “Eofpdr dve Bormpl 6 35

(No. 66), candoCpppargtlye Bxample, 39 (0.5 f0)yohe; fugher s of garhon atoms in
St he eds p n

an al kyl group gr oup ex e scope of the pres I'nvention.

Therefore, .i.n,t c ar at i , di-ssol S an S
folr ﬁ heses Qgﬁfﬁﬁhb&§a€§§9pEG?éCéB vpdigsolyed i %E%%H ggh%grative

produced in the step of formng the sur e treatnent agent.

Exanpl € 25,(Nopa82rnCRiBaLAY hVeEXRER! €128n( Nate?6hi1) Comparafiye Exanpl e 33
(No. 64), "and Ebnparatlve Exanpl e 37 (ﬂb. 68), the average nunber of Z groups

substitut edmexeeqds thersaepepyf sthe RLesenh ERYEnkednexarthddius f he sane
quality could not be maintained before and after storage of the surface

treat nent sagént. mkAnEeMpaBat ikve Exanpbet26n(iNaced3putéamear@uinfdxanpl e 30
(No. 57), Conparative Exanple 34 (No. 65), and Conparative Exanple 38 (No.
69), the aveeagendegubgecatepokynmadhzatbanaatl degldugs ofx eeedsiHdig ecope of the
present invention, producing gelling of the surface treatnent agent after
storage. +ap@l0@9] measureCanparativerEramfl €h40coNaing3)ilses a noni onic
urethane resin and Conparative Exanple 41 (No. 74) uses an anionic urethane
resin, thérvebyataosi ngisggregacicenasf deherabethardomesi RhenErhehseep of
formng the surface treatnent agent. Conparative Exanple 42 (No. 76) uses a
sil ane -eytrusion conditions were a punch diameter of 20 mm, a die
diameter of 27 mm, and a drawing width of 27 mm according to
JIS-2~2247-2006.
Double circle: No peeling
Circle with plus: Peeled area of less than 3%
Circle: Peeled area of 3% or more and less than 10%
Circle with minus: Peeled area of 10% or more and less
than 20%
Triangle: Peeled area of 20% or more and less than 50%
Cross: Peeled area of 50% or more

[0083]

(8) Paintability after alkaline degreasing



coupling agent out of the scope of the present invention and thus cannot

exhi bit satisfactory corrosion resistance. [011M In addition, even when
the surface treatnent agent within the scope of the present invention is used,
the desired effect cannot be obtained under drying conditions out of the scope
of the present invention. Conparative Exanple 22 (No. 46) and Conparative
Exanpl e 23 (No. 49) are both the surfacg treatnent agents within the scope of
the present invention and thus exhibit excellent heat discoloration resistance
and storage stability (appearance). However, in Conparative Exanple 22 (No.
46), the dryigg tenperature is |ower than the scope of the present invention
accordi ng to CREFAT12bkathng dppreeat tonvaande ¥ hosmeat P¥f AR of§™eor r osi on
resistance is not obtained. While in Conparative Exanple 24 (No. 49), the

dryi ng t efperafuré EreeedSetnabs¥gpéliofi > heeﬁFESéﬁ{“PH%vgﬁFi SHPAESSES ng to

Claiml of this application, .and thus corrasion,resistance  at bend portion
and pai nt &Bi I* ysg &é&P&&?&g?gVoEfff BXA| Eﬁrége aboN&xﬁP éaéoating film
was forne% bé the sane.nethod as in ExanBIe 1 usgng.eagq of the surface
treat ment “XGeHeS 1PRoNPOSETEnYCEE ROEC T0End3%T) Wi thin He scope of the

pr esent igﬁ%gﬁlon whil e the coated surface roughness of the hot-dip

gal vani ze steél sheet (A@) shown. in Table 7 was variously changed, and the
surface appearﬁg;eSOgggggc LY¥iLy.,@0d corrosion resistance were evaluated. The
eval uati on nethods and evaluation criteria were the same as in Exanple The

St’iﬂ. iJati on respl 5,200, Re; 49da FEL r Yatuesnareq8008a {i0ciaRkefafoll QLL2: [Table
pressed on a surface of each sample by applying a load of
4.90 N (500 gf) and the sample was rubbed with the gauze for
10 roundtrips under the load applied. Rubbing marks were
evaluated by visual observation. Evaluation criteria were
as follows:

Double circle: No mark was observed.

Circle with plus: No mark was observed from above, but
marks were slightly observed from an obligue direction.

Circle: No mark was observed from above, but marks were
clearly observed from an oblique direction.

Circle with minus: Marks were slightly observed from
above.

Triangle: Marks were clearly observed from above.

Cross: The coating film was peeled.
[0085]

(10) Storage stability

Fach of the surface treatment agents shown in Tables 8

was stored in a constant-temperature bath of 40°C for 30
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9 97 98
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days. Each surface treatment agent was taken out and then
the appearance thereof was evaluated by visual observation.
Evaluation criteria were as described below. Further, a
galvanized steel sheet having a surface treatment coating
film formed with each of the surface treatment agents stored
under the above-described conditions was tested as described
above in (3) to (5).

Double circle: No change

Circle: Trace amount of precipitates

Triangle: Small amount of precipitates or slight
increase in viscosity

Cross: Large amount of precipitates or gelling
[0086]

(11) Lubricity

A disk-shaped test piece having a diameter of 100 mm
was cut out from each sample and formed into a cup shape
under the conditions including 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 (outside of the side
surface of a cup) of the formed product was examined by
visual observation to evaluate a degree of flawing and a
degree of blackening. Evaluation criteria were as follows:

Double circle: Substantially no change was observed
over the entire surface and the appearance was uniform.

Circle with plus: Slight blackening occurred but the
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appearance was uniform.

Circle: Slight flawing and blackening occurred and the
appearance was clearly nonuniform.

Circle with minus: Flawing and blackening locally
occurred and the appearance was clearly nonuniform.

Triangle: Flawing and blackening significantly occurred

mainly at corners.

Cross: Cracked and unable to be formed.
[0087]
[Table la]
Eﬁ%TQﬁ;ﬁéﬁwmﬁJ@YWWﬁ" S WWAMMWMM,WWWW
Z group: general formula (I1) Average
No. M Y2 ?;gﬁisz n
R1 R2 R1 R2 substituted
A1l Hydrogen Hydrogen Methyl Ethyl 0.4 5
A2 Ethyl Methyl Hydrogen Propyl 0.7 3
A3 Ethyl Propyl Hydrogen Ethyl 0.4 10
A4 | Hydroxyethyl | Hydroxyethyl | Hydroxyethyl | Hydroxyethyl | 0.5 5
A5 Hydrogen Hydrogen Methyl Ethyl 0.1 5
AB Hydrogen Hydrogen Methyi Ethyl 1.2 5
A7 Hydrogen Hydrogen Methyl Ethyl 0.4 80
A8 -CioH2z Methyl Hydrogen Hydrogen 0.5 5
A9 | Hydroxyethyl | Hydroxyethyl | Hydroxyethyl | Hydroxyethyl 0.1 5
A10 | Hydroxyethyl | Hydroxyethy! | Hydroxyethy! | Hydroxyethy! 1.2 5
A11| Hydroxyethyl | Hydroxyethyl [ Hydroxyethyl [ Hydroxyethyl 0.5 70
A12| -CyH»0OH Methyl Hydrogen Hydrogen 0.5 5
% A group represented by general formula (Il) was used as Z group.
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(0088]
[Table 1Db]
T cc;mpodhd (é) B k B I B _
Z group: general formula (111} | Average
No. Y1 Y2 number of n
Z groups
R3 R4 R5 R3 R4 R5 substituted
A13| Hydrogen Hydrogen Methyl Methyl Ethyl Methyl 0.4 5
A14 Ethyl Methy| Hydrogen Hydrogen Propyl Hydrogen 0.7 3
A15 Ethyl Propyl Methyl Hydrogen Ethyl Methyl 0.4 110
A16| Hydroxyethyl | Hydroxyethyl | Hydrogen | Hydroxyethyl | Hydroxyethyl | Hydrogen 0.5 5
A7 Hydrogen Hydrogen Methyl Methy! Ethyl Methyl 0.1 5
A18 Hydrogen Hydrogen Methyl Methyl Ethyl Methyl 1.2 5
A19 Hydrogen Hydrogen Methyl Methyl Ethyl Methyl 0.4 80
A20 -Cq2H2a Methy| Hydrogen Hydrogen Hydrogen Hydrogen 0.5 5
A21| Hydroxyethyl | Hydroxyethyl | Hydrogen | Hydroxyethyl | Hydroxyethyl | Hydrogen 0.1 5
A22 | Hydroxyethyl | Hydroxyethyl | Hydrogen | Hydroxyethyl | Hydroxyethyl | Hydrogen 1.2 5
A23 | Hydroxyethyl | Hydroxyethy! | Hydrogen | Hydroxyethyl | Hydroxyethyl | Hydrogen 0.5 70
A24| -CyzH220H Methyl Hydrogen Hydrogen Hydrogen Hydrogen 0.5 5
P A group represented by general formula (lI1) was used as Z group. |
[0089]
[Table 2]
Table 2 Urethane resin (b)
No. Urethane resin (b) lonicity Manufacturer
B1 | Adeka Bontiter HUX-670 | Cation ADEKA Corporation
B2 Superflex 600 Cation | Dai-ichi Kogyo Seiyaku Co., Ltd.
B3 Vermarine UC-20 Cation | Sanyo Chemical Industries, Ltd.
B4 | Adeka Bontiter UX-206 |Nonion ADEKA Corporation
B5 Hydran AP-10 Anion DIC Corporation
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[Table 3]
‘Table 3 Silane c‘buﬁling'a'g‘eﬁt (c) '
No. Silane coupling agent (c)
C1 3-Mercaptopropytrimethoxysilane
Cc2 N-(2-aminoethyl)-3-aminopropyltrimethoxysilane
C3 3-Glycidoxypropyltrimethoxysilane
C4 3-Methacryloxypropyltrimethoxysilane
C5 Vinyltrimethoxysilane
[0091]
[Table 4]
‘Table 4 Titanium compound (d) )
No. Ti compound (d)
D1 Titanium acetylacetonate (Ti:12.5%)
D2 tatanium tetraacetylacetonate (Ti:10.8%)
D3 Titanium nitrate (Ti:16.2%)
D4 Titanium hydrofluoride (Ti:29.2%)
[0092]
[Table 5]
‘fTabIe 5 Vanadium E:dmpérund (e?j
No. V compound (e)
E1 Vanadyl oxalate (V:32.9%)
E2 Vanadyl acetylaceonate (V:19.2%)
E3 Vanadyl sulfate (V:31.2%)
E4 Ammonium metavanadate (V:43.5%)




0O a AO (5 After degreasing a 0_
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[Table 6]

Table 6 Wax (w) emulsion |

0 6,) 0

- 58 -

AC a_0a

Melting point Solic content of Particle
No. ‘ Wax type (w) ("g)p dispersion (%) | diameter (um)
W1 | Oxidized polyethylene wax 115 20 0.1
w2 Microcrystaliline wax 90 20 0.1
W3 | Paraffin wax 50 20 0.1

1% The wax used was forcedly emulsified with an emulsifier.

[0094]

[Table 7]

|

No. | Galvanized steel sheet Coating weight (g/m2)
Gl Hot-dip galvanized steel sheet 45
GF | Zn-5mass%Al-0.5mass%Mg alloy hot-dip galvanized steel sheet 45
GL Zn-5.5mass%Al alloy hot-dip galvanized steel sheet 45

3% Coating was performed on both surfaces, but the coating weight on one side is shown.
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| nventi on Exanpl e

[0101]

Tables 8 indicate that when the surface treatment agent
within the scope of the present invention is used for the
hot-dip galvanized steel sheet with coated surface roughness
within the scope of the present invention, excellent
performance is exhibited with respect to any of the surface
appearance, conductivity, and corrosion resistance. On the
other hand, even when the coated surface roughness falls
within the scope of the present invention, use of the
surface treatment agent out of the scope of the present
invention has difficulty in satisfying both the conductivity
and corrosion resistance.

[0102]

Tables 8 further indicate that any of the test sheets
produced using the surface treatment agents within the scope
of the present invention has excellent corrosion resistance
(at a plane portion and a processed portion and after
degreasing), heat discoloration resistance, paintability
(evaluated directly and after degreasing), and solvent
resistance. In addition, the surface treatment agents
within the scope of the present invention maintain the same
excellent quality before and after storage.

[0103]
On the other hand, the surface treatment agent of

Comparative Example 1 (No. 4) out of the scope of the
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present invention contains the cationic urethane (B) at a
content less than the scope of the present invention,
thereby showing no corrosion resistance at a bend portion
and a decrease in corrosion resistance after storage. 1In
addition, heat discoloration resistance is degraded. 1In
Comparative Example ‘2 (No. 8) and Comparative Example 9 (No.
15), the content of the cationic urethane (B) exceeds the
scope of the present invention, thereby causing lower
quality after alkaline degreasing and unsatisfactory solvent
resistance. In particular, Comparative Example 9 (No. 15)
does not exhibit corrosion resistance at a bend portion. 1In
Comparative Example 3 (No. 9), Comparative Example 4 (No.
10), Comparative Example 7 (No. 13), Comparative Example 8
(No. 14), and Comparative Example 9 (No. 15), the organic
titanium chelate compound (D) of the present invention is
not mixed, thereby causing no quality at a bend portion and
after alkaline degreasing.
[0104]

Comparative Example 5 (No. 11), Comparative Example 7
(No. 13), and Comparative Example 8 (No. 14) each do not
contain the tetravalent vanadyl compound (E) and exhibit no
corrosion resistance at a bend portion and a decrease in
quality after storage. Comparative Example 6 (No. 12) uses
a pentavalent vanadyi compound and thus exhibits no

corrosion resistance at a bend portion and after alkaline
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degreasing and further exhibits decreased paintability after
alkaline degreasing. In Comparative Example 7 (No. 13) and
Comparative Example 9 (No. 15), the tests were performed

with reference to Patent No. 3883831 and Japanese Unexamined
Patent Application Publication No. 2006-152436, respectively.
[0105]

Comparative Example 10 (No. 19) contains the silane
coupling agent (C) at a content less than the scope of the
present invention and thus exhibits lower solvent resistance,
while Comparative Example 11 (No. 22) contains the silane
coupling agent at a content exceeding the scope of the
present invention and thus exhibits no corrosion resistance
at a bend portion and no corrosion resistance of the
solution after storage. In Comparative Example 12 (No. 23),
the content of the silane coupling agent (C) relative to the
organic titanium chelate compound (D) exceeds the scoﬁe of
the present invention, thereby causing lower corrosion
resistance and paintability after alkaline degreasing, while
in Comparative Example 13 (No. 25), the content of the
silane coupling agent (C) is less than the scope of the
present invention, thereby causing no corrosion resistance
at a bend portion and no corrosion resistance qf the
solution after storage.

[0106]

In Comparative Example 14 (No. 27), the vanadium



[ 0114] Tables 9 indicate that with coated surface roughness within the
scope of the present invention, excellent performance is exhibited with
respect to any of the surface appearance, conductivity, and corrosion

resi stance. On the other hand, with coated surface roughness out of the scope
of the present invention (Ra of less than 0.5 gm and FPI of |ess than 150),
not only the surface appearance is i npaged, but also conductivity is
decreased. Further, when Ra exceeds 2.0 gm corrosion resistance is degraded.
I ndustrial Applicability [0115] According to the present invention when a

ted f [ dj usted t d PPI det t
uni £ ﬁrmsirap?%%g'tiaﬁeék’%n%stﬁ%t "3r85 vonaced 5?»?@%5?4%%5@ S
additipn, S|n§ %%Ifh%d zu%&ace treat 1% gentb th conduct|V|ty and
corrosion’ reS|s Ace ?5 & gﬁﬁﬁgﬁle Fe HPthS €a hot-dip

govan 2ot A S IOR 5oV IAE R e e ppBBBEnER. SR 1Y
and thus corrosion resistance is not exhibited. While in
Comparative Example 15 (No. 30), the vanadium content
exceeds the scope of the present invention, and thus
corrosion resistance and paintability after alkaline
degreasing are degraded. Comparative Example 16 (No. 36),
Comparative Example 17 (No. 37), and Comparative Example 18
(No. 40), which are not adjusted to proper pH, exhibit no
corrosion resistance and lower storage stability.
Comparative Example 19 (No. 41) with high pH could not be
tested because of gelling of the chemical agent.
[0107]

In Comparative Example 20 (No. 42), the coating weight
of the coating film is less than the scope of the present
invention, and thus satisfactory corrosion resistance is not
obtained. While Comparative Example 21 (No. 45) exhibits a
decrease in conductivity because the coating weight of the
coating film exceeds the scope of the present invention.
[0108]

With respect to the resin compound (A), in Comparative
Example 24 (No. 51), Comparative Example 28 (No. 55),
Comparative Example 32 (No. 63), and Comparative Example 36

(No. 67), the average number of Z groups substituted is less



10116] | hot-dip gal vani zed steel sheet 2 coating |laver 3 surface treatnent
coating film - 74 - CLAIMS [C aim 1] A method for producing a hot-dip

gal vani zed steel sheet, the nmethod conpri sing: appl ying a surface
treatment agent with a pH of 4 to 5 to a hot-dip galvani zed steel sheet having
a Ra of 0.5to 2.0 umand a PPl of 150 or nore; and drying the surface
treatnent agent at an ultinmate sheet tesperature of 50cC to 180'C to forma
surface treatnment coating filmhaving a coating weight of 0.2 to 1.0 g/n2 on
the surface of the steel sheet, the surface treatnent agent contai ning:

(A) a resin conpound having a bi sphenol skeleton represented by general
formul a (FPa8e$Efi 5E@PBePéwWtRRePERREN e NVENELPE W%l&§ "iMesi n” compound (A)");
(B) a cationic urethane resin enulsiogﬂhavin%pat %east one cationic functional

group sel ECTBATALONFPFFAEPY-Ct 6 't dMCi-ary) anRBIPGr 8PS Cafid bt rar YW amoni um

bases (hegghnatter heleriedtapdd S8R §eyr eLhane (B it ive
Example 39 (No. 70), the number of carbon atoms in an alkyl
group as the 7 group exceeds the scope of the present
invention. Therefore, in these comparative examples, an
undissolved substance was produced in the step of forming
the surface treatment agent. In Comparative Example 25 (No.
52), Comparative Example 29 (No. 56), Comparative Example 33
(No. 64), and Comparative Example 37 (No. 68), the average
number of 7Z groups substituted exceeds the scope of the
present invention, and thus the same quality could not be
maintained before and after storage of the surface treatment
agent. In Comparative Example 26 (No. 53), Comparative
Example 30 (No. 57), Comparative Example 34 (No. 65), and
Comparative Example 38 (No. 69), the average degree of
polymerization of Z groups exceeds the scope of the present
invention, producing gelling of the surface treatment agent
after storage.
[0109]

Comparative Example 40 (No. 73) uses a nonionic
urethane resin and Comparative Example 41 (No. 74) uses an
anionic urethane resin, thereby causing aggregation of the
urethane resin in the step of forming the surface treatment

agent. Comparative Example 42 (No. 76) uses a silane



(C at |east one silane coupling agent having at |east one reactive functional
group selected froman active hydrogen-contai ning am no group, an epoxy group,
a nmercapto group, and a nethacryloxy group; (1)) an organic titaniumchel ate
conmpound; (if) a tetraval ent vanadyl conpound; and - 75 - (F) water,

wherein the solid content of the cationic urethane (B) is 0.10 to 0.30 in
terns of ratio by mass [(b)/{(a) + (b) 7 (c)11 relative to the total solid
content of the resin conpound (A), the cationic urethane (B), and the sil ane
coupling agent (O); the solid content of the silane coupling agent (C) is
0.60 to 0.85 in ternms of ratio bg mass [(C)/an) + (b) + (c)1] relative to the
total sol FAURdARENBIBRLt ABtr 85| AheoAPBBARIOLA) et RECESPF ORI Y CltdCRare ] B), and
the silane coupling agent (C; . the solid content of the silane coupling
agent (C) th4sseapgoroerRiPeEnEabi SFaCr8 By CRRESSEPR) FEFTSF8N&ECi-ve to the
content of 325 organi c titanium chal et conmpound (D) in terns of titanium and
the cont ehf lthe tetraval ent vanadyi conpound (E) in ternms of vanadiumis

0.30 to 0.50 in terms _of ratio by nas VITi) relative to the content of the
organic titani %%%}%%%nto%%n%h?%)%% ?%?%@C%fgf??grﬁ?ﬂﬁ Ageri® Ra represents
nurber of VheaLe bEr o 2EERE N aE (T R b e or A g o SAL T T e taP i ned Troma
B R e 9w U
content of,t of the scope of the present invention. Comparative

Example 22 (No. 46) and Comparative Example 23 (No. 49) are

both the surface treatment agents within the scope of the

present invention and thus exhibit excellent heat

discoloration resistance and storage stability (appearance).

However, in Comparative Example 22 (No. 46), the drying

temperature is lower than the scope of the present invention

according to Claim 1 of this application, and thus

satisfactory corrosion resistance is not obtained. While in

Comparative Example 24 (No. 49), the drying temperature

exceeds the scope of the present invention according to

Claim 1 of this application, and thus corrosion resistance

at a bend portion and paintability are decreased.

[0111]

EXAMPLE 2

Next, a coating film was formed by the same method as
in Example 1 using each of the surface treatment agents

(compositions of Nos. 1 and 31) within the scope of the

present invention while the coated surface roughness of the



- 76 - the cationic urethane (13); (c), the solid content of the silane
coupling agent (C; Ti, the content of the organic titanium chel ate conpound
(D) interms of titanium and V, the content of the tetraval ent vanadyl
conmpound (E) in terns of vanadium Note in the formula (1), Y1 and Y2 bonded
to benzene rings are each independently a hydrogen atomor a Z group
represented by general formula (l11) ar (y114) below, the average nunber of 2'.
groups substituted per benzene ring is 0.2 to 1.0, and n represents an integer
of 2 to 50. Note [Chem 2] [Chem 3] .A13 - Ft4A—(Ii(Iit) inthe formulae (I1)
and (111 3 RI1. R3 R 1 i ndependent |, resent a hydrogen
aton§ an)QP% élargaﬁvﬁa%?ﬁ& FteF i e@ﬁrﬁgﬁ atop¥n & ﬁQﬁﬁ vy’ yl group

having 1 %gr%gugﬁrbogaggggs angdthe sur@gggeg%%e%ra%%%nO@a%%dcr1é¥ty,

and corrosion resistance were evaluated. The evaluation
methods and evaluation criteria were the same as in Example
1. The evaluation results and Ra and PPI values are shown

in Tables 9.

[0112)]

[Table 9-1]

‘Table 9-1 i i l I

Roughness
Surfac_? treatment agent of coated Surface Conductivity Corrosion resistance
ype: No.1 surface appearance
(Invention Example 1) Ra | PPI 0 @ 3) @) (5)

No, um Plane portion| Bend portion|After degreasing
78 | Comparative Example [ 0.4 | 170 A A © © ©
79 Invention Example 0.5 | 170 0] @) ® © ©
80 | Invention Example 0.7 | 170 O @) © © ©
81 Invention Example 1.2 | 170 (o) @) © (@) @)
82 Invention Example 2.0 | 170 O O )] o (@)
83 | Comparative Example | 2.2 | 170 (@) ) A A A
84 | Comparative Example [ 0.7 | 140 A A ) © ©
85 Invention Example 0.7 | 150 (@) @) © © ©
86 Invention Example 0.7 | 200 O @) © © ©
87 Invention Example 0.7 | 300 (@) (@) @) (@) O
88 | Comparative Example | 0.4 | 140 A A © © ©
89 | Comparative Example | 2.2 [ 140 A A A A A
90 | Comparative Example | 0.2 50 x X © © ©

[0113]

[Table 9-2]



an acid. ion. [d aing] The met hod for producing a hot-dip gal vani zed
steel sheet according to Claiml, wherein the surface treatnent agent further
contains wax iW, and the solid content of the wax (0) is 0.01. to 0.10 in
terns of ratio by noss relative: to the surface treatil)ont coating film
[Claim31 A hor-di p gal vani zed steel sheet produced usiriqg the netnod for
produci ng a hot-di p gal vani zed, steel. sheet according to Claim1l or 2.

Table 9-2 . ]
Roughness
Surface treatment agent of cgoated Surface Conductivity Corrosion resistance
Type:No. 31 appearance
(Invention Example 16) surface
Ra | PPI 0 @) (3) (4) (5)
No. um Plane portion| Bend portion | After degreasing|
91 | Comparative Example [ 0.4 | 170 A A © () ©
92 Invention Example 0.5 | 170 @) @] © © ©
93 Invention Example 0.7 | 170 O (@) © © ©
94 Invention Example 1.2 | 170 (@) O © © ©
95 Invention Example 2.0 | 170 O (@) O (@) O
96 | Comparative Example | 2.2 | 170 (@) @) A A A
97 | Comparative Example | 0.7 | 140 A A © © ©
98 Invention Example 0.7 [ 150 (o) O © © ©
99 Invention Example 0.7 | 200 O (@] © © ©
100| Invention Example 0.7 | 300 (@) 0 (@) O O
101 | Comparative Example [ 0.4 | 140 A A © © ©
102 | Comparative Example | 2.2 [ 140 A A A A A
103 | Comparative Example | 0.2 50 X X © © ©

[0114]

Tables 9 indicate that with coated surface roughness
within the scope of the present invention, excellent
performance is exhibited with respect to any of the surface
appearance, conductivity, and corrosion resistance. On the
other hand, with coated surface roughness out of the scope
of the present invention (Ra of less than 0.5 um, and PPI of
less than 150), not only the surface appearance is impaired,
but also conductivity is decreased. Further, when Ra
exceeds 2.0 pm, corrosion resistance is degraded.

Industrial Applicability
[0115]

According to the present invention, when a coated
surface is adjusted to Ra and PPI in predetermined ranges,
not only a uniform surface appearance but also conductivity
can be improved. In addition, by using a specified surface

treatment agent, both conductivity and corrosion resistance
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can be satisfied, resulting in a hot-dip galvanized steel
sheet satisfying all of the surface appearance, conductivity,
and corrosion resistance.
Reference Signs List
[0116]

1 hot-dip galvanized steel sheet

2 coating layer

3 surface treatment coating film
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CLAIMS
[Claim 1]
A method for producing a hot-dip galvanized steel sheet,
the method comprising:

applying a surface treatment agent with a pH of 4 to 5
to a hot-dip galvanized steel sheet having a Ra of 0.5 to
2.0 pm and a PPI of 150 or more; and

drying the surface treatment agent at an ultimate sheet
temperature of 50°C to 180°C to form a surface treatment
coating film having a coating weight of 0.2 to 1.0 g/m® on
the surface of the steel sheet, the surface treatment agent
containing:

(A) a resin compound having a bisphenol skeleton
represented by general formula (I) described below
(hereinafter referred to as "resin compound (A)");

(B) a cationic urethane resin emulsion having at least
one cationic functional group selected from primary to
tertiary amino groups and quaternary ammonium bases
{(hereinafter referred to as "cationic urethane (B)");

(C) at least one silane coupling agent having at least
one reactive functional group selected from an active
hydrogen-containing amino group, an epoxy dgroup, a mercapto
group, and a methacryloxy group;

(D) an organic titanium chelate compound;

(E) a tetravalent vanadyl compound; and
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(F) water,

wherein the solid content of the cationic urethane (B)
is 0.10 to 0.30 in terms of ratio by mass [(b)/{(a) + (b) +
(c)}] relative to the total solid content of the resin
compound (A), the cationic urethane (B), and the silane
coupling agent (C);

the solid content of the silane coupling agent (C) is
0.60 to 0.85 in terms of ratio by mass [(c)/{(a) + (b) +
(c)}] relative to the total solid content of the resin
compound (A), the cationic urethane (B), and the silane
coupling agent (C);

the solid content of the silane coupling agent (C) is
50 to 70 in terms of ratio by mass [(c)/Ti] relative to the
content of the organic titanium chelate compound (D) in
terms of titanium; and

| the content of the tetravalent wvanadyl compound (E) in

terms of vanadium is 0.30 to 0.50 in terms of ratio by mass
(V/Ti) relative to the content of the organic titanium
chelate compound (D) in terms of titanium;

Ra represents arithmetic mean roughness according to
JIS B 0601-1994, and PPI represents the number of peaks per
25.4 mm (1 inch) according to SAEJ911 determingd from a
roughness curve according to JIS B 0601-1994; and

in each of the equations, (a) represents the solid

content of the resin compound (A); (b), the solid content of
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the cationic urethane (B); (c¢), the solid content of the
silane coupling agent (C); Ti, the content of the organic
titanium chelate compound (D) in terms of titanium; and V,
the content of the tetravalent vanadyl compound (E) in terms
of vanadium.

Note

[Chem. 1]

[ H,c-C~CH; | o

in the formula (I), Y; and Y, bonded to benzene rings are
each independently a hydrogen atom or a Z group represented
by general formula (II) or. (III) below, the average number
of 7Z groups substituted per benzene ring is 0.2 to 1.0, and

n represents an integer of 2 to 50.

Note
[Chem. 2]
Ry
/
—CH,y~N{_ (1D)
Ry

[Chem. 3]
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Rs
/
‘Rs

in the formulae (II) and (III), Ry, Rz, Ri, Rs, and Rs each
independently represent a hydrogen ateom, an alkyl group
having 1 to 10 carbon atoms, or a hydroxyalkyl group having
1 to 10 carbon atoms, and A  represents a hydroxide ion or
an acid ion.

[Claim 2]

The method for producing a hot-dip galvanized steel
sheet according to Claim 1, wherein the surface treatment
agent further contains wax (W), and the solid content of the
wax (W) is 0.01 to 0.10 in terms of ratio by mass relative
to the surface treatment coating film.

[Claim 3]

A hot-dip galvanized steel sheet produced using the

method for producing a hot-dip galvanized steel sheet

according to Claim 1 or 2.





