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SPECIFICATION

SURFACE TREATMENT AGENT FOR ZINC OR ZINC ALLOY COAHD
STEEL SHEET, ZINC OR ZINC ALLOY COATED STEEL SHEET,
AND METHOD OF PRODUCING THE STEEL SHEET

Technical Field

[0001] The present invention relates to a zinc or zilayaloated steel sheet
suitable for automobiles, consumer electrical apgles, building materials, and the like,
and in particular to an environmentally friendlpior zinc alloy coated steel sheet
necessitating no chromium or the like during pradncprocess thereof. The present
invention also relates to a method for manufaoguitie zinc or zinc alloy coated steel
sheet.

Further, the present invention relates to a sutfaaément agent (solution) useful in
terms of improving anti-black patina property alne like of a zinc or zinc alloy coated
steel sheet.

Prior Art

[0002] There have been widely used, as the conventiteell sheets for consumer
electric appliances, building materials and autdtesjosteel sheets with surfaces
subjected to chromating treatment with treatmeyuidi containing as primary
components chromic acid, dichromic acid or saksebf for improving corrosion
resistance (resistance to occurrence of rust andhioe rust) thereof. This chromating
treatment is an economical treatment method wimelbles improving corrosion
resistance of a steel sheet relatively easily.

[0003] Chromating treatment uses hexavalent chromiuntiwikia substance
subjected to pollution control. This hexavalenbchium used in chromating treatment
is substantially prevented from contaminating trenment and human bodies
because the substance is treated by a treatmeetsprim a closed system to achieve
complete reduction, retrieval and no release toétere and also because dissolution of
chromium from a chromate coating can be substjngisdvented from occurring by a
sealing effect by an organic coating film formedio@ chromate coating. However,
there has been vigorous demand for voluntarilyegdpuse of hexavalent chromium
itself as best as possible in view of the recestialenvironmental problems. Further,
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there has also been a trend toward eliminatingawaing hexavalent chromium in a
product so that hexavalent chromium should notaroimtate the environment when the
product is disposed as shredder dust.

[0004] In view of the global environmental problems asodiéed above, there
have been proposed a number of treatment techrfigugieventing white rust from
occurring in a zinc or zinc alloy coated steel shgenot depending on chromating
treatment, i.e. what is called “chromium-free” teicjues. For example, there is a
technigue of forming a surface treatment film airg or zinc alloy coated steel sheet
by using a composition containing any of an inorgaompound, an organic compound
and an organic polymer material, or combinatiothefeof. Although these chromium-
free techniques of various types proposed up toarewseful, there have been
confirmed new problems to be solved which emergdtiese chromium-free techniques
are prevalent in the art.

[0005] A first problem is that corrosion resistance pt@essed portion of a zinc
or zinc alloy coated steel sheet further subjettestirface treatment is still to be
improved. A zinc or zinc alloy coated steel shebjexted to an additional surface
treatment is then further subjected to subsequenepsing (cutting, bending, welding
of parts, coating/painting) to be a final prodWghen such a zinc or zinc alloy coated
steel sheet, subjected to an additional surfaaénent for formation of a surface
treatment film thereon, is further subjected todaeg in particular, the zinc or zinc alloy
coating is inevitably extended on the outer side loént portion and the surface
treatment film is also extended and damaged byp#mnsling operation, thereby exposing
a zinc or zinc alloy coated surface of the steeéshnd causing a problem of corrosion
resistance deterioration at the exposed portioch 8amages of surface treatment film
and zinc or zinc alloy coating underneath the fltaur continuously in the case of
bending operation in particular ( which is a goodtecast with a localized damage
caused by extrusion operation), thereby makingry difficult to obtain good corrosion
resistance at a bending-processed portion of bssteet.

[0006] A second problem resides in how to ensure goaesblesistance of a
surface treatment film of a steel sheet. Whenstdyns attached to a surface of a surface
treatment film or symbols scribed on the surfadl wimarker pen on the coating film
are wiped out with a solvent in the subsequentgssing, a phenomenon is often
observed in which the surface treatment film coafand/or turns to a whitish color
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due to the solvent. Sufficient corrosion resistazar@ot be obtained in a zinc or zinc
alloy coated steel sheet from which a surfacenreat film has come off and
appearance quality significantly deteriorates aina or zinc alloy coated steel sheet of
which surface treatment film has turned white.

[0007] A third problem resides in how to ensure good tpditity, of a surface
treatment film of a steel sheet. A zinc or zinoyltoated steel sheet, subjected to a
surface treatment and the subsequent processesaibed above, is washed with an
alkali cleaner or the like (alkali degreasing) ean surfaces thereof and then painted in
some applications. That is, a surface treatmenti§ilrequired to have good application
property of top coating after alkali degreasingame applications. However, there can
be found no references which studied such a psopsrilescribed above.

[0008] A fourth problem resides in how good corrosionstaace of a surface
treatment film should be made compatible with gsiodage stability of a surface
treatment agent for forming the coating film. Mokthe recent chromium-free
technigues are what is called “application andrdyyype (dry-in-place type)” which
involves coating a zinc or zinc alloy plated stedet with a surface treatment agent and
drying the steel sheet thus coated to form a sttf@atment film thereon. The surface
treatment film thus formed is required to exhibbileast a predetermined level of water
resistance to cause a sufficient barrier effecbtther words, a surface treatment film
which easily redissolves into water cannot ensagelgorrosion resistance, i.e. a good
barrier effect. However, regarding a surface treatragent, it is industrially important
that the surface treatment agent, prepared by ingnespective raw materials by
predetermined ratios to obtain a single solutian, lee stably kept in storage and it is
desired that the surface treatment agent can bk stared for a relatively long period
without experiencing any change in quality eveteatperature in the range of°85to
40°C expected in summer. A surface treatment agertt motigxhibit increased
viscosity, gelling, generation of precipitation ahd like, i.e. must exhibit at least a
predetermined level of good water solubility, id@rto have such good stability in
storage. Further, a surface treatment agent mwasilb¢o maintain such good quality
before, during and after a relatively long storpggod.

[0009] A zinc or zinc alloy coated steel sheet havingatioeementioned tasks also
has a problem that a coated surface thereof terfus/e black patina generated therein,
i.e. a problem of “black patina phenomenon”, whenzinc or zinc alloy coated steel
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sheet is left in a high-humid and high-temperagum@ronment for a long time. This
black patina phenomenon is conspicuous in a caseevtihe zinc or zinc alloy coated
steel sheet has a coating layer containing elersantsas Mg. Al and the like in
particular. Accordingly, a surface treatment filfra@inc or zinc alloy coated steel sheet
needs to have good anti-black patina propertieseis

[0010] Specific examples of the conventional chromiune-techniques are as
follows.

First, JP-A 53-121034 discloses a method for cgatimetal surface with an aqueous
solution containing water-dispersible silica, alkgdin and a trialkoxysilane compound,
and drying the metal surface to form a coating fiereon.

[0011] Further, JP-B 57-044751 discloses a surface tezdtmethod for imparting
a metal material with corrosion resistance by uaimgter-soluble resin including a
hydroxypyrone compound derivative. JP-A 01-177380ldses a method for imparting
a metal material with corrosion resistance by uaim@queous solution of a
hydroxystyrene compound or a water-dispersiblerpely

[0012] JP-A 11-310757 discloses a technique of usingfacgutreatment agent
obtained by blending a water-based resin, collatigh and ammonium vanadate by
specific ratios.

[0013] However none of the techniques of the aforemeatioaferences has
reached a stage of developing a coating film hastrgpsion resistance high enough to
replace a chromate conversion coating therewith.

[0014] Further, JP-A 2000-248369 discloses a techniqferwing a surface
treatment film containing an organic resin andi@cérbonyl group-including compound.
However, the surface treatment film of JP-A 2008389 fails to have sufficient
corrosion resistance after alkali degreasing.

JP-A 11-058599 discloses a technique of treatimgtal sheet surface with a treating
liquid as a lithium silicate aqueous solution camtay an organic resin, a silane coupling
agent and a solid lubricant. A resulting surfaeatment film of JP-A 11-058599, in
which the inorganic components tend to form hatgirper, exhibits insufficient
corrosion resistance at a processed portion suatbesding-processed portion of the
metal sheet. The resulting surface treatment figm exhibits poor secondary adhesion
in terms of paint application properties due tdusion of alkali metal.

JP-A 2006-043913 discloses a technique of formiresia film by using a resin
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aqueous solution prepared by blending a carboxylgincluding polyurethane resin,
water dispersion of ethylene-unsaturated carbomglid copolymer, silica particles and
a silane coupling agent by specific ratios. A r@sgirein film of JP-A 2006-043913,
however, has insufficient solvent resistance arsatisfactory corrosion resistance at a
processed portion of a steel sheet.

JP-B 3573307 discloses a steel sheet having asur&atment film containing an
urethane based resin, a lubricant, an inorganicid@ompound and a silane coupling
agent at specific ratios This steel sheet, fundéatigiased on electrodeposition
coating, has good electrodeposition coating prggert fails to exhibit sufficient
corrosion resistance at a processed portion thereof

[0015] JP-A 2001-059184 discloses a surface treatment pgepared by blending
a silane coupling agent and an urethane resinpMtthereof adjusted to be in the range
of 2.5 to 4.5. A resulting surface treatment filfdB-A 2001-059184 exhibits poor
corrosion resistance after alkali degreasing asufficient solvent resistance.

JP 2003-155451 discloses a technique of formirgatirgy film by using treatment
liguid containing a water-dispersible resin, silgzaticles and organic titanate by
specific ratios. A resulting surface treatment fdimJP 2003-155451 exhibits insufficient
corrosion resistance at a processed portion efeh seet.

JP-A 2006-082365 and JP-A 2004-238716 each disaltsehnique of forming a
coating film by using treatment liquid containirggspecific aqueous epoxy resin
dispersion; urethane resin dispersion; a silanplit@uagent; phosphoric acid and/or a
phosphoric acid compound; and a hydrazine derwétaving 1-5 fluorine atoms or
active hydrogen atom per one molecule. Resultingse treatment films of JP-A 2006-
082365 and JP-A 2004-238716, however, cannot heladhibit good corrosion
resistance and paintability after alkali degreasing to poor alkali resistance thereof
and cannot have sufficient solvent resistance anmdsion resistance at a processed
portion of a steel sheet, either.

[0016] JP-A 2001-181860 discloses a technigue of forraingating film by using
treatment liquid containing a specific resin commhla vanadium compound, and a
metal compound including specific metal. A resgitaurface treatment film of JP-A
2001-181860 cannot obtain good corrosion resistafteealkali degreasing because
alkali resistance thereof is not necessarily gefiity high. The resulting coating film of
JP-A 2001-181860 cannot solve problems, e.g. derothat a surface treatment film
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easily turns to yellow by heating, either.

JP-B 3883831 discloses a technique of forming &rgpélm by using a treatment agent
containing a specific resin compound, a cationsthame resin including a cationic
functional group, a silane coupling agent includingactive functional group, a Ti
compound, and an acid compound by specific rafies.technique of JP-B 3883831,
although it can produce a coating film having goodosion resistance and anti-
fingerprint properties, does not study corrosi@istance after alkali degreasing,

corrosion resistance at a processed portion @feh stieet and solvent resistance and thus

naturally fails to obtain satisfactory resultshiage characteristics.

[0017] JP-B 4078044 discloses a technigue regardingacsureatment agent
containing at least one type of water-based resatted from a cationic water-based
resin and a nonionic water-based resin; a speesio compound; a metal compound
including specific metal; and water. The technigfi@P-B 4078044 does not study
corrosion resistance at a processed portion @feh stieet and solvent resistance and thus
fails to obtain satisfactory results in these otiarastics.

JP-A 2006-152436 discloses a technique of usingface treatment agent containing a
cationic urethane, a cationic and phenolic polyeosdte, titanium, and a compound
including specific metal by specific ratios. Howe\#P-A 2006-152436 does not study
solvent resistance and paintability, of a resulingace treatment film and thus fails to
obtain satisfactory results in these charactesistic

[0018] Further, the conventional surface treatment ageth containing a silane
coupling agent unanimously exhibit poor stabilitystorage and often fail to maintain
satisfactory characteristics/properties confirmigareparation throughout a storage
period, although appearances of these surfacengaaigents look unchanged after the
storage. Above all, the aforementioned referennagimously fail to address the
fundamental tasks and problems as described above.

Disclosure of the Invention

[0019] Problems to be solved by the Invention

[0020] The present invention aims at solving the afordioead problems of the
prior art and an object thereof is to provide: aa-pack type chromium-free surface
treatment agent for a zinc or zinc alloy coatedl|stheet, exhibiting good storage
stability and enabling formation at a surface ofetal material a coating film excellent
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in corrosion resistance, in particular corrosigistance at a bending-processed portion
of a steel sheet, solvent resistance, paintahbiligr alkali degreasing, and anti-black
patina properties; a zinc or zinc alloy coated sieeet manufactured by using the
surface treatment agent; and a method for manuifagtine zinc or zinc alloy coated
steel sheet.

[0021] Means for solving the Problem

As a result of a keen study to solve the aforerapat problems, the inventors of the
present invention discovered that: it is possibltm a coating film excellent not only
in corrosion resistance, solvent resistance anlicappn properties of paint but also
anti-black patina properties by treating a surfaice zinc or zinc alloy coated steel sheet
with a surface treatment agent containing by sjgeeifios a specific resin compound, a
specific cationic urethane resin emulsion, a sitamgling agent having a specific
functional group, a specific organic Ti chelate poomd, a quadrivalent vanadyl
compound, and a molybdic acid compound; and argpéitm formed of the surface
treatment agent after storage can still exhibihgyaod characteristics as described
above. The present invention has been completed lmssthese discoveries and
primary features thereof are as follows.

[0022] 1. A surface treatment agent for a zinc or zitayatoated steel sheet,
comprising:

(A) resin compound having a bisphenol skeletonesgmted by general formula
(1) below;

(B) cationic urethane resin emulsion having adtleae type of cationic functional
group selected from primary amine, secondary artemnggry amine and quaternary
ammonium salt;

(C) at least one type of silane coupling agenirfgpat least one type of reactive
functional group selected from active hydrogen-amiig amino group, epoxy group,
mercapto group and methacryloxy group;

(D) organic titanium chelate compound,

(E) quadrivalent vanadyl compound,;

(F) molybdic acid compound; and

(G) water,
such that conditions (1) to (5) below are satisfpd of the surface treatment agent
being in the range of 4 to 5,
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wherein: (1) [(B){(A ¢ + (Bs) + (C)}] as a mass ratio of solid contentBf the
cationic urethane resin emulsion (B) with respedbtal solid content {(4 + (Bs) +
(CY)} of the resin compound (A), the cationic urethae&in emulsion (B) and the silane
coupling agent (C) is in the range of 0.1 t0 0.3;

(2) [(CHA(A 9 + (By + (C)}] as a mass ratio of solid contentGf the silane
coupling agent (C) with respect to total solid eon{(As) + (Bs) + (C)} of the resin
compound (A), the cationic urethane resin emul@®)rand the silane coupling agent
(C) is in the range of 0.6 to 0.85;

(3) {(Cy)/(Dri) } as a mass ratio of solid content)Gf the silane coupling agent
(C) with respect to mass content{)iin terms of titanium of the organic titanium
chelate compound (D) is in the range of 50 to 70;

(4) {(Ev)/(Dri) } as a mass ratio of mass contenf)(id terms of vanadium of the
guadrivalent vanadyl compound (E) with respect &ssrcontent (B) in terms of
titanium of the organic titanium chelate compouyi§ in the range of 0.3 to 0.5;

(B) [(Ru){(A 9 + (Bs) + (C)}] as a mass ratio of mass contengidFn terms of
molybdenum of the molybdic acid compound (F) witbpect to total solid content {{A
+ (Bs) + (&)} of the resin compound (A), the cationic urethae&n emulsion (B) and
the silane coupling agent (C) is in the range @®8.to 0.03.

HSC"'C_CHa ( I )

In formula (1), Y1 and Y2 bonded to benzene rings, respectively, are eaepéandently
hydrogen or group represented by general formula (11) or (Ill) beldine average
substitution number of the grogper benzene ring is in the range of 0.2 to 1.0,ran
represents integer in the range of 2 to 50.
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—~CH,~NZ—R, A (i

In formula (1) and formula (Ill), R R, Rs, Ry and R each independently represent
hydrogen atom, G alkyl group or G.10 hydroxyalkyl group, and Arepresents
hydroxyl ion or acid ion.
[0023] 2. The surface treatment agent for a zinc or alloy coated steel sheet of
(1) above, further comprising (W) wax,

wherein [(W)/{(A ¢ + (Bs) }] as a mass ratio of solid content {Mgf the wax (W)
with respect to total solid content {{+ (Bs)} of the resin compound (A) and the
cationic urethane resin emulsion (B) is in the eaof0.2 to 0.4.
[0024] 3. A method for manufacturing a zinc or zinc akmated steel sheet,
comprising:

coating a surface of a zinc or zinc alloy coatedlsheet with the surface
treatment agent of (1) or (2) above; and

drying the zinc or zinc alloy coated steel shees ttpated such that the peak
temperature of the steel sheet is in the rang@°@ ® 180C to form a surface
treatment film on the surface,

wherein a film coating weight of the surface treatirfilm per one surface after
the drying process is in the range of 0.2%gml.8 g/m.
[0025] 4. A zinc or zinc alloy coated steel sheet, haarsgrface treatment film
provided thereon such that a film coating weighthefcoating film per one surface of
the steel sheet is in the range of 0.2%gtm.8 g/,

wherein the surface treatment film is obtainalyiednating a surface of the zinc or
zinc alloy coated steel sheet with the surfacertreat agent of (1) or (2) above and
drying the zinc or zinc alloy coated steel sheas$ ttoated such that the peak temperature
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of the steel sheet is in the range ofG@o 180C.

Effect of the Invention

[0026] According to the present invention, it is posstbléorm on a zinc or zinc
alloy coated steel sheet a chromium-free coatingtfaving corrosion resistance
equivalent to that of a chromate conversion coatmjexhibiting excellent
performances in corrosion resistance at a bendincepsed of the steel sheet, solvent
resistance, paintability after alkali degreasimgl anti-black patina properties during the
manufacturing process, thereby making it possibtbtain a chromium-free zinc or
zinc alloy coated steel sheet which is much moeéulighan the conventional zinc or
zinc alloy coated steel sheet. Further, the sutf@eément agent for a chromium-free
zinc or zinc alloy coated steel sheet of the presgrntion is very advantageous in
terms of industrial implementation because of gatadility in storage thereof.

Best Mode for carrying out the Invention

[0027] The present invention will be described in ddiafeinafter.

A steel sheet serving as a base of the surfadedrsteel sheet of the present invention is
a zinc or zinc alloy coated steel sheet manufadtiuoen a cold rolled steel sheet for use
in consumer electric appliances, building mateaald automobile parts. Examples of
such a zinc or zinc alloy coated steel sheet imclad &ctrolytic zinc-coated steel sheet,
a hot dip galvanized steel sheet, a Zn-Al alloyedateel sheet, a Zn-Fe alloy coated
steel sheet, a Zn-Mg alloy coated steel sheet;Al-&hg alloy coated steel sheet, and
the like.

[0028] Further, it is acceptable to add small amountdio€o and the like to

coating of the zinc or zinc alloy coated steel sbeenake Ni, Co and Fe be precipitated
at a surface of the zinc or zinc alloy coated stheét by using an acidic or alkali
agueous solution containing Ni, Co, Fe in ordemjprove anti-black patina properties

of the zinc or zinc alloy coated steel sheet.

Highly improved anti-black patina properties carstably obtained by inclusion of
0.01-0.1 mass % nickel in a coating film in a Znal\by coated steel sheet and a Zn-Al-
Mg alloy coated steel sheet in particular whichsargceptible to black patina.

[0029] Next, the surface treatment agent of the presgantion will be described
hereinafter.

The surface treatment agent of the present invergtioharacterized in that it comprises:
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(A) resin compound represented by general formlae{ow; (B) cationic urethane
resin emulsion; (C) at least one type of silangling agent having at least one type of
reactive functional group selected from active bgen-containing amino group, epoxy
group, mercapto group and methacryloxy group; ¢Dawic titanium chelate
compound; (E) quadrivalent vanadyl compound; (Blyiic acid compound; and (G)
water, wherein: (1) [(B{(A ¢ + (Bs) + (C)}] as a mass ratio of solid contentBf the
cationic urethane resin emulsion (B) with respedtbtal solid content {(§ + (Bs) +

(CY)} of the resin compound (A), the cationic urethae&in emulsion (B) and the silane
coupling agent (C) is in the range of 0.1 to @B{(C)A(A ¢ + (By) + (C)}] as a mass
ratio of solid content (§ of the silane coupling agent (C) with respedbtal solid
content {(A) + (Bs) + (C)} of the resin compound (A), the cationic urethaesin
emulsion (B) and the silane coupling agent (O) ithe range of 0.6 to 0.85; (3)
{(C9)/(Di) } as a mass ratio of solid content)©f the silane coupling agent (C) with
respect to mass content{pn terms of titanium of the organic titanium chtel
compound (D) is in the range of 50 to 70; (4){(fD) } as a mass ratio of mass
content (k) in terms of vanadium of the quadrivalent vanadyhpound (E) with
respect to mass content{pbin terms of titanium of the organic titanium chtel
compound (D) is in the range of 0.3 to 0.5; (SuiR(A s) + (Bs) + (G)}] as a mass
ratio of mass content (k) in terms of molybdenum of the molybdic acid connpad (F)
with respect to total solid content {{+ (Bs) + (G} of the resin compound (A), the
cationic urethane resin emulsion (B) and the sitanuling agent (C) is in the range of
0.003 to 0.03; and pH of the surface treatmenttagémthe range of 4 to 5.

HgC"‘C_CHa ( I )
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In formula (1), Y and Y; bonded to benzene rings, respectively, are eaepéandently
hydrogen or group represented by general formula (Il) or (Ill) be|dixe average
substitution number of the grogper benzene ring is in the range of 0.2 to 1.0,ran
represents integer in the range of 2 to 50.

[0030]

R,

b (I

—CH,-N
SR,

—CH,~NS—R, A (I

In formula (1) and formula (Ill), R R, Rs, Ry and R each independently represent
hydrogen atom, G alkyl group or G.10 hydroxyalkyl group. The resin compound (A)
cannot have sufficient water-solubility and is ab# in treatment liquid, whereby the
resin compound is not applicable to the treatmguid, when the alkyl group or
hydroxyalkyl group of formula (II) and formula (Jlhave more than ten carbon atoms.
Specific examples of RR,, Rs, Ry and R include methyl, ethyl, propyl, butyl,
hydroxyethyl, 2-hydroxypropyl, hydroxyisobutyl, atiee like. A represents hydroxyl
ion or acid ion. Specific examples of the acidiriude acetate ion, phosphate ion,
formate ion and the like.

[0031] The “average substitution number of the grgugepresents a value
obtained by dividing the total number of the grauptroduced into the total benzene
rings by the number of the total benzene rings2nein the present invention. In the
present invention, solubility of the resin compo@Ayiwith respect to the acidic (pH 4
to 5) surface treatment agent targeted by the mreseention improves in terms of
stability when the groupis selected asYand Y; because then the resin compound (A)
includes any of secondary amine, tertiary aminecaradernary ammonium salts as
cationic functional groups. The number averageedegf polymerization (n) is to be in
the range of 2 to 50 in the present invention. Ailnaber average degree of
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polymerization (n) less than 2 results in an ineigift corrosion resistance-imparting
effect, while n exceeding 50 deteriorates wateukstity and increases viscosity of the
resin compound (A) in a treatment liquid, therebtedorating stability of the resin
compound (A) in the treatment liquid and thus reingestorage stability thereof
unsatisfactory.

[0032] The resin compound (A) represented by generaldiarifh) is a bisphenol-
formalin condensate and a synthesis method thereot particularly restricted. Such a
condensate as described above can be obtainedgimple, by reacting bisphenol A
with formalin and amine(s) under alkali catalyst.

[0033] The cationic urethane resin emulsion (B) hasirgtionic functional
group, in the surface treatment agent compositidneopresent invention, is not
particularly restricted in terms of polyol and iganate components as monomer
components and the polymerization method therelofigsas the urethane resin
emulsion (B) has at least one type of cationictional group selected from primary
amine, secondary amine, tertiary amine and quateamamonium salts. Examples of
the cationic functional group include amino gromgthylamino group, ethylamino
group, dimethylamino group, diethylamino groupngthylamino group, triethylamino
group, and the like but not particularly restrickedong as the cationic functional group
is selected from primary amine, secondary amimggng amine and quaternary
ammonium salts.

[0034] The silane coupling agent (C) in the surface iineat agent of the present
invention is not particularly restricted as longtlaes silane coupling agent (C) is at least
one type of silane coupling agent having at leasttgpe of reactive functional group
selected from active hydrogen-containing amino grepoxy group, mercapto group
and methacryloxy group. Trialkoxysilane having ¢hadkoxy groups is particularly
preferable. Specific examples of the silane cogpdigent (C) include N-(aminoethyl)-3-
aminopropyltrimethoxysilane, N-(2-aminoethyl)-3-awpropyltrimethoxysilane, 3-
aminopropyltrimethoxysilane, 3-glycidoxypropyltrithexysilane, 3-
glycidoxypropylmethyldimethoxysilane, 3-methacryjpxopyltrimethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltriethoxysilane, 3-mercaptgpitrimethoxysilane, 3-
mercaptopropyltriethoxysilane, and the like.

[0035] Examples of the organic titanium chelate compdi)dn the surface
treatment agent of the present invention includaitim acetylacetonato, titanium
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octyleneglycolate, titanium tetraacetylacetonat@anium tetraacetylacetenato, titanium
ethylacetoacetate and the like. Inorganic titansaitts such as titanium nitrate, titanium
sulfate, titanium acetate, titanium phosphatejitita carbonate are not preferable
because these inorganic salts are not stably gkl the treatment liquid of the
present invention or fail to sufficiently causecarosion resistance improving effect.
Fluorotitanic acid causes a good effect whenptasided, in addition to the organic
titanium chelate compound, to the treatment liguiithe present invention. When
fluorotitanic acid is used in combination with thrganic titanium chelate compound,
the former is preferably blended such that fluodoetent in the treatment liquid is 0.8
mass % or less with respect to total solid cor{{én) + (Bs) + ()} of the resin
compound (A), the cationic urethane resin emul@®)rand the silane coupling agent
(C). The fluorine content in the treatment liquidhen it exceeds 0.8 mass %, may
deteriorate corrosion resistance at a processéidipof a steel sheet. In a case where
the organic titanium chelate compound is usedwatar-dissolved state where titanium
is dissolved as chelate complex in water, it i$guedle not to add a water-soluble
solvent, peroxide, and the like having high pojasthich may affect the titanium
complex, to the treatment liquid of the presenémtion.

[0036] Specific examples of the quadrivalent vanadyl commal (E) for use in the
surface treatment agent of the present inventigh,iv particular restriction thereto,
include vanadyl sulfate, vanady! dichloride, varigzhpsphate, vanadyl oxalate, vanadyl
acetylacetonate, and the like. A pentavalent vamadiompound is highly water soluble
and exceedingly dissolved from surface treatmént thereby causing a poor effect of
improving corrosion resistance. A vanadyl compopimdiucing VG* (vanadyl) ion
exhibits the highest corrosion resistance improeifigct and thus the most preferable
among the quadrivalent vanadyl compounds for ugieeisurface treatment agent of the
present invention.

[0037] The present invention characteristically addsiéy/bdic acid compound
(F) as a component of improving anti-black patir@pprty to the surface treatment
agent thereof. Specific examples of the molybdid esmpound (F), with no particular
restriction thereto, include molybdic acid, ammamionolybdate, sodium molybdate,
potassium molybdate, magnesium molybdate, zinc lodalg, as well as
phosphomolybdic acid, ammonium phosphomolybdatéyusophosphomolybdate, and
the like. At least one type of molybdic acid composelected from the aforementioned
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examples is preferably used as the molybdic acitpbcoind (F) in the present invention.
[0038] A mass ratio [(BA(A s + (Bs) + (G)}] of solid content (B) of the cationic
urethane resin emulsion (B) with respect to tattisontent {(A) + (By) + (C)} of the
resin compound (A), the cationic urethane resinlgsionu(B) and the silane coupling
agent (C) is to be in the range of 0.1 to 0.3 endirface treatment agent of the present
invention. The mass ratio [{(A ¢ + (By) + (C)}] lower than 0.1 results in
deterioration of corrosion resistance at a bengnogessed portion and heat resistance
of a steel sheet, as well as deterioration of lgttaln storage of the surface treatment
agent, due to too low ratio of the urethane ré&3mthe other hand, the mass ratio
[(BH(A S + (By + (C)}] exceeding 0.3 results in poor solvent resistarithe mass

ratio [(B)/{(A ¢ + (By) + (C)}] is preferably in the range of 0.12 to 0.28.

[0039] A mass ratio [(Q/(A ¢ + (Bs) + (G)}] of solid content (G) of the silane
coupling agent (C) with respect to total solid em{(As) + (Bs) + (C)} of the resin
compound (A), the cationic urethane resin emul@&)rand the silane coupling agent
(C) is to be in the range of 0.6 to 0.85 in thdéas@ treatment agent of the present
invention. The mass ratio [{Z(A ¢ + (By) + (C)}] lower than 0.6 deteriorates solvent
resistance of the surface treatment agent, whelenss ratio [(Q/{(A ¢ + (B + (C)}]
exceeding 0.85 results in deterioration of cormsesistance at a processed portion of a
steel sheet and stability in storage of the surti@agment agent. Accordingly, the mass
ratio [(C){(A ¢ + (By) + (C)}] is preferably in the range of 0.65 to 0.80.

[0040] A mass ratio {(§/(D) } of solid content (¢ of the silane coupling agent
(C) with respect to mass content{)iin terms of titanium of the organic titanium
chelate compound (D) is to be in the range of 5t the surface treatment agent of
the present invention. The mass ratiog((D+;) } lower than 50 results in poor
corrosion resistance at a processed portion @eh stteet and poor storage stability of
the surface treatment agent. The mass ratig/{{(%;) } exceeding 70 accelerates
dissolution of surface treatment film, as well atedorating paintability after degreasing,
of resulting surface treatment film. Accordinglyetmass ratio {(¢/(D+;) } is more
preferably in the range of 55 to 65.

[0041] Solid content (¢ of the silane coupling agent (C) is to be obidias a

mass of the silane coupling agent in a state wilkoxysilane (R-Si(-OR3) thereof has
been rendered to silanol (R-Si(-QHas a result of hydrolysis in calculation of mass
ratios in the present invention. This is becausstwicthe silane coupling agent is
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hydrolyzed when it is dissolved in water and al¢dpbenerated as a result of the
hydrolysis, is evaporated and does not functicemesffective component when the
surface treatment agent of the present inventionated and dried to form a coating
film.

[0042] A mass ratio {(&)/(D) } of mass content (B in terms of vanadium of the
quadrivalent vanadyl compound (E) with respect &ssrcontent (B) in terms of
titanium of the organic titanium chelate compouylié to be in the range of 0.3 to 0.5
in the surface treatment agent of the present timreriThe mass ratio {(g/(D+) }

lower than 0.3 results in poor corrosion resistantge the mass ratio {{g/(D) }
exceeding 0.5 deteriorates paintability after alftejreasing, of the resulting surface
treatment film. Accordingly, the mass ratio {(j§Dr;) } is preferably in the range of
0.35t0 0.48.

[0043] A mass ratio [(Ro)/{(A s + (By) + (C)}] of mass content (fr,) in terms of
molybdenum of the molybdic acid compound (F) wébpect to total solid content {{A
+ (By) + (&)} of the resin compound (A), the cationic urethaesin emulsion (B) and
the silane coupling agent (C) is to be in the rasfg®003 to 0.03 in the surface
treatment agent of the present invention. The maass](Fuo)/{(A s) + (Bs) + (C)}]

lower than 0.003 results in poor anti-black pagirgperty, while the mass ratio
[(Fmo){(A ) + (Bs) + (C))}] exceeding 0.03 not only makes it impossiblathieve good
storage stability of the surface treatment agenalso possibly causes gelling of the
surface treatment agent. The mass ratiglj(KA o) + (Bs) + (C)}] is preferably at least
0.006 to obtain satisfactory anti-black patina propof the resulting steel sheet product.
[0044] The pH value of the surface treatment agent gbtbsent invention is to be
in the range of 4 to 5. The pH value lower tharceekerates dissolution of zinc from a
coating layer of the zinc or zinc alloy coated lstbeet subjected to surface treatment
with the surface treatment agent, thereby detdimgraorrosion resistance of the steel
sheet. The pH value exceeding 5 makes the qualihesurface treatment agent
unstable. Preferable examples of an acid compdndret used when pH of the surface
treatment agent is adjusted to 4 to 5 include giagpacid, acetic acid, formic acid,
hydrofluoric acid, fluorides and the like. A stroagd such as sulfuric acid, nitric acid is
not preferable. Use of sulfuric acid, nitric acidtee like possibly causes “pH shock”
(localized and rapid change in pH value) to ocoyHl value adjustment, which results
in gelling of cationic phenol and cationic urethaméhe surface treatment agent,
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exceeding dissolution of salts formed in conneatiih the gelling and eventual
deterioration of corrosion resistance of a steeéshAcetic acid and formic acid are
preferable in terms of pH adjustment firstly beestley are weak acids and secondly
because these acids, which are highly volatilep@enede when the chemical components
of the present invention are dried and not so nefithem remain in the coating film
after all, thereby not causing so much adversetsftn the performances of the
resulting surface treatment film in case thesesamid added too much.

[0045] In a case where phosphoric acid is used in pHe\adijustment, phosphoric
acid is preferably added such that content these®fnass % or less with respect to the
total solid content of the resin compound (A), ¢h&onic urethane resin emulsion (B)
and the silane coupling agent (C). Although phosplazid improves corrosion
resistance, the content thereof exceeding 8 mamay/aeteriorate storage stability of
the surface treatment agent. Content of phosphoittis more preferably 6 mass % or
less with respect to the total solid content ofrdsn compound (A), the cationic
urethane resin emulsion (B) and the silane couplgent (C). In a case hydrofluoric
acid or a fluoride is used in pH value adjustmeydrofluoric acid or a fluoride is
blended such that fluorine content is preferal#yrass % or less with respect to the
total solid content of the resin compound (A), ¢h&onic urethane resin emulsion (B)
and the silane coupling agent (C). The aforemeatidluorine content exceeding 0.8
mass % enhances etching capacity of the surfestteneat agent with respect to zinc or
zinc alloy coating too much and deteriorates cavrogesistance at a processed portion
of a steel sheet. As an alkali component for ugHivalue adjustment to 4 to 5,
ammonia water or amine having boiling point of XD@r lower is preferable. Use of a
strong alkali such as NaOH, KOH results in fornmatib gel due to pH shock and
deterioration of storage stability of the surfaeatment agent.

[0046] The surface treatment agent of the present irrentiay further contain
wax (W) in order to ensure good lubrication of aaafilm. The wax (W) is preferably
blended such that a mass ratio JH(A ¢ + (Bs) }] of solid content (W) of the wax (W)
with respect to total solid content {{+ (Bs)} of the resin compound (A) and the
cationic urethane resin emulsion (B) is in the ea0f0.2 to 0.4. The mass ratio
[(W9H(As) + (By) }] equal to or higher than 0.2 ensures desirbddation of coating
film and the mass ratio [(W{(A s) + (B }] of 0.4 or less makes good lubrication
compatible with good cost performance without detating corrosion resistance. It is
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particularly preferable to set the mass ratioJ(A s) + (Bs) }] to be in the range of 0.3
to 0.4.

[0047] At least one type of wax selected from waxes éasing melting point in
the range of 7 to 120C is preferable as the wax (W) for use in the preiseention.
Specific examples of the wax (W) include polyethglavax, polyethylene oxide wax,
polypropylene wax, microcrystalline wax, and tte liMelting point of the wax (W) not
lower than 70C ensures good lubrication and melting point tHet26°C or lower
allows a resulting coating film to maintain gootrigation without being hardened too
much.

[0048] Emulsion stably dispersed in water by an emultsgi@referable and such
water-dispersed emulsion having particle diameténe range of 0.08m to 0.3um is
particularly preferable as the wax (W). The paetdiameter of at least 0.p&n of the
emulsion ensures a good lubricating effect and gdkali resistance and paintability of
a resulting coating film are ensured, respectiaigause an amount of emulsifier in use
can be curbed. The particle diameter ofi0r8or less of the emulsion is preferable
because then the wax is reliably prevented froatifig and being separated in the
surface treatment agent due to too small spec#iaty of the wax (W), thereby
achieving excellent stability in storage.

[0049] Water (G) for use in the present invention isgnadly that not so much
affecting the respective components, i.e. the i@simpound (A), the cationic urethane
resin emulsion (B), the silane coupling agent (@) the organic titanium chelate
compound (D), and the acid component and the alkatipponent for use in pH value
adjustment. Water hardness components such as&]&i Contained as impurities in
water, for example, deteriorate solubility and disjbility of the resin compound (A)
and the cationic urethane resin emulsion (B), thepossibly being factors of
facilitating precipitation thereof.

Further, Na and CI contained as impurities in watten they remain in a resulting
coating film, possibly deteriorate corrosion resise and paint adhesion properties of
the coating film. Accordingly, water (G) for usetire present invention preferably
contains as few impurities as possible and eletnductivity thereof, for example, is
preferably less than 1Q(5/cm, more preferably less than|@/cm and further more
preferably less than 305/cm.

The total solid content of the surface treatmeshagf the present invention is
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preferably 4 mass % to 20 mass % as the solid momeasured when the surface
treatment agent is dried at 2@0for 2 hours. A targeted film coating weight o th
surface treatment film described below is easisuesd and good storage stability of the
surface treatment agent can also be obtained tiygstite total solid content of the
surface treatment agent to be in the range of 4 fet® 20 mass %.

[0050] An antifoaming agent and a wettability-improvirgeat may optionally be
added to the surface treatment agent of the presamition. Types of the antifoaming
agent are not particularly restricted and a sikicbased or aliphatic acid based emulsion-
type antifoaming agent can be used. The wettalmilifyroving agent lowers surface
tension of the surface treatment agent, therebyowpg wettability of the surface
treatment agent with respect to a zinc or zingaltwated steel sheet and making the
appearance of the steel sheet satisfactorily unif&xamples of the wettability-
improving agent include, with no limitation thereém aqueous solvent such as ethanol,
T-butanol and butyl cellosolve. A wettability-impiog agent containing acetylene is
preferable because it also causes a antifoamiagte nitrate salt such as nickel nitrate,
ammonium nitrate or the like may be added to thiase treatment agent of the present
invention in order to improve anti-black patinagedy. A nitrate salt does not cause pH
shock, different from nitric acid which causes ftdck as described above.

[0051] Next, a method for manufacturing a coated stestdby using the surface
treatment agent described above and a coatedsise=tlobtained by the method will be
described.

When a surface treatment film is to be formed onaded steel sheet by using the
surface treatment agent of the present inventi@necessary to coat a surface of a
coated steel sheet with the surface treatment agerdry the coated steel sheet thus
treated with the surface treatment agent suchtibgieak temperature of the steel sheet
is in the range of 5C to 180C to form on the surface of the coated steel sheatface
treatment film at a film coating weight per oneface being in the range of 0.2 §/to

1.8 g/nf.

In a case where a film coating weight of the s@faeatment film per one surface of the
coated steel sheet is less than 0.2 géatisfactory corrosion resistance cannot be
obtained. In a case where the film coating wei@lth® surface treatment film exceeds
1.8 g/nf, not only the effect caused by the film coatirectees a plateau, which is not
only economically disadvantageous, but also paiitiabf a resulting steel sheet
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deteriorates. A film coating weight of the surfa@atment film per one surface of the
coated steel sheet therefore is to be in the rah@e g/nf to 1.8 g/m, preferably in the
range of 0.3 g/fto 1.6 g/m, and more preferably in the range of 0.4%gonl.4 g/m.
[0052] Examples of a method for applying the surfacdrtreat agent of the
present invention to a coated steel sheet inchitleaating (three roll coating, two roll
coating), squeeze coating, die coating, and tlee lliks acceptable to adjust a coating
quantity or weight of the surface treatment agadtraake the appearance and coating
film thickness uniform by using air knife or squieggrolls after the coating process by
squeeze coating, the immersing process or theisgrpsocess.

[0053] The zinc or zinc alloy coated steel sheet, thasecbor treated with the
surface treatment agent of the present invensathein heated and dried preferably
without rinsing after the coating process. Exampfaseans for drying the steel sheet
include a drier, an air-heating furnace, a highdency induction heating furnace, an
infrared furnace, and the like. Drying is carried such that the peak temperature of the
steel sheet itself is in the range of6GQ@o 180C. The peak temperature lower thafG0
allows too much moisture to remain in the coatimy, fwhich results in insufficient
corrosion resistance of the coating film. The peakperature exceeding I&Dis not
only uneconomical but also makes resulting codtimghard and brittle, which
deteriorates corrosion resistance at a processedmpof a steel sheet.

[0054] The coated steel sheet having a surface treafiimefbrmed thereon by the
aforementioned method of the present invention besfyurther provided with a resin
coating formed by coating on a surface of the sarfeeatment film in order to obtain
further higher corrosion resistance.

A surface treatment film formed by using the swefaieatment agent of the present
invention may be provided on either one or respedirfaces of a coated steel sheet.
[0055] Next, effects caused by the present inventionheiltlescribed. Although it
is reasonably assumed that the respective comocamse following effects in the
surface treatment agent of the present invent@set assumptions put no restriction on
the present invention.

The surface treatment agent of the present inventiatains as main components the
resin compound (A), the cationic urethane resinlsionu(B), the silane coupling agent
(C), which collectively constitute a skeleton o&ting film.

[0056] The quality of the surface treatment agent is nséalde and good stability
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during storage of the surface treatment agentsisred by adjusting pH value of the
surface treatment agent containing the resin comp) having cationic functional
groups (represented by aforementioned general far(iuor general formula (111)) to
weak acidity in the present invention. The resimpound (A), due to the cationic
functional groups thereof, is prevented from belisgolved into alkali and thus a
resulting coating film has good alkali resistartaarther, the resin compound (A),
having bisphenol as a phenol skeleton thereofelsprevented from being dissolved
into a polar solvent (i.e. has good solvent resist whereby adhesion property and
corrosion resistance of resulting coating film ioy.

[0057] The resin compound (A) described above, howesrdstto take on
yellowish color by heating (that is, anti-yellowipgpperty of the resin compound (A)
deteriorates by heating). Further, the resin comgd@A), when it is heated, tends to
harden a resulting surface treatment film. In viduhese facts, the cationic urethane
resin emulsion (B) is blended into the surfacetitneat agent to mitigate hardness of the
phenol resin and ensure good corrosion resistdracpracessed portion of a steel sheet
in the present invention.

[0058] However, the cationic urethane resin emulsiom(Bkes a resulting surface
treatment film susceptible to a polar solvent tlitate coming-off of the coating film,
while causing such good effects on the resin comp@#) as described above. In view
of this, the silane coupling agent (C) is blended the surface treatment agent in order
to ensure good solvent resistance (to a polarslaed good anti-yellowing property
of the surface treatment agent in the present timrerThe silane coupling agent (C)
generates active silanol group (Si-OH) as a re$tiydrolysis of the terminal alkoxy
group thereof, thereby contributing to improvindpn@sion properties of resulting coating
film with respect to the base material (the zinzioc alloy coated steel sheet) and the
over coating formed thereon. Further, a portiothefsilane coupling agent (C) forms
siloxane bond (Si-O-Si) as a result of dehydratimmdensation and continuation of the
siloxane bonds constitutes a polymer (polysiloxaBeO-Si-O-Si-). As a result,
resulting coating film has a very stable structagewell as good corrosion resistance,
solvent resistance and anti-yellowing property.

[0059] It is assumed that the respective performancessafting surface treatment
film can be well demonstrated with good balanceethetween by using the resin
compound (A), the cationic urethane resin emul@®)nthe silane coupling agent (C) as
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the main components at adequate ratios in thecgut@atment agent of the present
invention. However, a surface treatment agent aantponly the aforementioned main
components cannot satisfactorily address the arigroblems in particular a black-
patina phenomenon described above. The surfacm&ebagent of the present
invention thus further contains as an essentiapoorent the organic titanium chelate
compound (D) in addition to the aforementioned ncamponents to solve the prior art
problems. The organic titanium chelate compoundo@3umably functions as a
catalyst for facilitating formation of polysiloxaménen the surface treatment agent is
dried to form coating film. As a result of contritain made by the organic titanium
chelate compound (D), alkali resistance of resyitioating film remarkably improves to
enhance corrosion resistance after alkali degmgaaind solvent resistance and
paintability, of the resulting surface treatmelmfialso improve.

[0060] A predetermined content of the organic titaniurelate compound (D),
which content is determined in accordance withcthgent of the silane coupling agent
(C), is required in order to obtain the aforemerdabgood effects of the organic
titanium chelate compound (D), as described abbae low content of the organic
titanium chelate compound (D) fails to achievedhsired effects and too high content
thereof results in excess formation of polysiloxamaich results in hard and brittle
coating film and poor corrosion resistance at agssed portion of a steel sheet. It
should be noted that formation of polysiloxaneh®y ¢rganic titanium chelate
compound (D) already proceeds during a storagegefithe surface treatment agent,
although such formation of polysiloxane should ligestart when coating film is formed.
Therefore, too much content of the organic titanalmalate compound (D) deteriorates
storage stability (i.e. disturbs good suppressfanavease in viscosity and gelling),
making it impossible to maintain the same qualitthe surface treatment agent before,
during and after the storage thereof.

[0061] The surface treatment agent of the present irneptintains as an essential
component the quadrivalent vanadyl compound (E9.quadrivalent vanadyl
compound (E) presumably functions as a corrosibititor through, for example,
passivation of zinc. It is assumed that vanadyl{{@n having one oxygen in
particular, which does not easily elute even uadanmid environment, causes a good
inhibitor effect while continuing to stay within &ting film, thereby reliably improving:
corrosion resistance at a portion of a coated skesdt where surface treatment film or
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zinc or zinc alloy coated surface itself has seffdrom ductile damage due to an strong
impact such as bending operation; and corrosigstaese after alkali degreasing. The
inventors of the present invention assume that gaol effects by the quadrivalent
vanadyl compound (E) are achieved, when a coatingkeleton having the cationic
functional groups has been adequately formed,dyynergetic effect caused by the
quadrivalent vanadyl compound (E) and Ti, whiclo &sists as a cation.

[0062] The surface treatment agent of the present irefirther contains the
molybdic acid compound (F) as an essential compgoB&nellent anti-black patina
property can be obtained by addition of the molgtadid compound (F) in the present
invention. Black patina of zinc or zinc alloy caafioccurs regardless of coating type
(electrolytic coating; galvanizing). In the casénot dip galvanizing in particular, Mg
and/or Al is generally added in order to improve@sion resistance or adhesion
between zinc coating and a base material (an reety which Mg and/or Al migrates
to a coating interface or a coating surface lajémezinc coating to facilitate
occurrence of black patina and worsen blackeniagh€r, it is known that anti-black
patina property of coating film deteriorates whes ¢oating film is subjected to surface
treatment for improving anti-white rust propertyzaic or zinc alloy coating.

[0063] The reason for why zinc or zinc alloy coatinglackened under a high-
temperature and high-humid environment has not teealed yet. It is assumed that
zinc oxide generated at the outermost surfacenofai zinc alloy coating is depleted of
oxygen and converted into oxygen-depleted type axte, or oxygen-depleted type
zinc oxide is generated due to insufficient oxysepply during zinc corrosion
(oxidizing) process, which oxygen-depleted type ziride probably contributes to the
black appearance of the zinc or zinc alloy coating.

[0064] Excellent anti-black patina property is obtaingdritroducing a molybdic
acid compound into surface treatment film in thespnt invention. Specifically, it is
assumed that a portion of molybdic acid (Mo®is converted into molybdic oxide
(MoOs) under a high-temperature and high-humid or camgpednvironment and the
oxygen derived from this reduction process is sagfb a zinc coating surface in an
adequate manner to well suppress formation of oxygpleted type zinc oxide. The
inventors of the present invention assume that aunlkchanism as described above
contributes to eventually obtaining surface treatrfien having good anti-black patina

property.
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Examples

[0065] Each of respective surface treatment agent sarijael-95 was prepared
by appropriately mixing the resin compound (A) shawTable 1a or Table 1b, the
cationic urethane resin emulsion (B) shown in Ta@blde silane coupling agent (C)
shown in Table 3, the titanium compound (D) showimable 4, the vanadium
compound (E) shown in Table 5, the molybdic acihpgound (F) shown in Table 6,
and the wax (W) emulsion shown in Table 7. Furtbeated steel sheets as shown in
Table 8 were used as original steel sheets tehtet.

Specifically, each of the respective surface treatragent samples of Examples and
Comparative Examples was prepared by: blendingah®onents (A)-(W) so as to
have a corresponding composition shown in Tablesl®-1 and 11-1; adjusting a pH
value to that corresponding thereto shown in Ta®i2s10-2 and 11-2, with acetic acid
and ammonium; and adjusting with ion-exchange vk content thereof as solid
content after being dried at IDfor 2 hours to be 10 mass %. lon-exchange water
having electrical conductivity of 18/cm was uses as the ion-exchange water.

[0066] Surfaces of respective coated steel sheets smovabies 12-1 and 12-2
were subjected to alkali degreasing, rinsing agohdr One surface of each of the
coated steel sheets thus treated was coated wittothesponding surface treatment
agent shown in Tables 9-1, 9-2, 10-1, 10-2, 11dl1dnR2 by roll coating. Each of the
steel sheets was then heated and dried, with@ingifter the coating process, such
that the peak temperature of the steel sheet r@dlcheorresponding temperature
shown in Tables 12-1 and 12-2, whereby a coatetisiteet sample having surface
treatment film thereon was produced. A film coativejght of the surface treatment film
per one surface of each coated steel sheet sarapladjusted by changing coating
conditions (i.e. reduction force, rotating speed the like of rolls). Tables12-1 and 12-2
show respective film coating weights of the respeatoated steel sheet product
samples thus obtained.

A film coating weight of surface treatment film waetermined by quantitatively
analyzing Si of the silane coupling agent (C) cioietd in the surface treatment film by a
fluorescence x-ray analyzer and carrying out nacgsslculation for converting the Si
content into the film coating weight.

[0067] Tests for analyzing qualities (corrosion resistanica flat surface portion,
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corrosion resistance at bending-processed podayrgsion resistance after alkali
degreasing, anti-black patina property, heat disatibn resistance, paintability,
paintability after alkali degreasing, solvent resise, stability in storage, lubricity) of
each surface treatment agent sample and eachrzimc@lloy coated steel sheet
sample manufactured by using the surface treatagamit sample were carried out. The
results are shown in Tables 13-1, 13-2 and 13+3offgances of the aforementioned
qualities were evaluated under following conditions

[0068] (1) Corrosion resistance to a flat surface portion

Corrosion resistance of a flat surface portion exasduated for each coated steel sheet
product sample by a salt spray test (JIS-Z-237DR@ecording to a white rust
generation area ratio after 120 hours after theysfihe evaluation criteria are as

follows.

© : White rust generation area ratio 0%

O+ @ White rust generation area ratio 0% - 5% (exchusiv0% and 5%)
Ot White rust generation arearatio 5% - 10%

(inclusive of 5% and exclusive of 10%)
O— : White rust generation area ratio 10% - 20%

(inclusive of 10% and exclusive of 20%)
/A : White rust generation area ratio 20% - 40%

(inclusive of 20% and exclusive of 40%)
X White rust generation area ratio 40% or higher

[0069] (2) Corrosion resistance at bending-processetport

Corrosion resistance at a bending-processed pavésrevaluated for each coated steel
sheet product sample by: bending the sample &tek80nd a rod having diameter of
2mm (made of stainless) interposed between respesties; clamping the sample in a
vise; subjected the sample thus bent to a saly $gpsa  (JIS-Z-2371-2000) to analyze a
white rust generation state 72 hours after theysprahe outer side of the bending-
processed portion of the sample and evaluatedteatcording to a white rust
generation area ratio. The evaluation criterizaarfollows.

© : No generation of rust at the bending-processedbport
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O+ : White rust generation area ratio at the bendinggssed portion was less than
5%

Ot White rust generation area ratio at the bendinggssed portion was 5% - 10%
(inclusive of 5% and exclusive of 10%)

O— : White rust generation area ratio at the bendinggssed portion was 10% - 40%
(inclusive of 10% and exclusive of 40%)

/A : White rust generation area ratio at the bendinggssed portion was 40% - 80%
(inclusive of 40% and exclusive of 80%)

X : White rust generation area ratio at the bendingga®ed portion was 80% or

higher

[0070] (3) Corrosion resistance after alkali degreasing

Corrosion resistance after alkali degreasing wakiated for each coated steel sheet
product sample by: dissolving an alkali degreasipgnt CL-N364S (manufactured by
Nihon Parkerizing Co., Ltd.) in pure water at canicagtion of 20g/L and heating the
solution at 60C; immersing the sample in the alkali solution threpared for two
minutes, then taking the sample out of the solutiosing and drying the sample; and
subjecting the sample to a salt spray test (JISZ2000) to evaluate a white rust
generation state 72 hours after the spray accotdiagvhite rust generation area ratio.
The evaluation criteria are the same as those sho{i) above.

[0071] (4) Anti-black patina property

Anti-black patina property was evaluated for eamdied steel sheet product sample by:
measuring brightness (L-value) of the sample befwdest; leaving the sample in a
thermo-hygrostat, of which atmosphere was conttatiehave temperature: €D,

relative humidity: 95%, for 24 hours; measuringbtness (L-value) of the sample; and
calculating change in brightness (L-value),Ake = (the L-value after the test)(the L-
value prior to the test). The evaluation critera as follows. Measurement of L-values
was carried out in SCE mode (specular componehided) by using “SR2000”
manufactured by Nippon Denshoku Industries Co., Ltd

© :-6<AL
O:-10<AL<-6
A —14<AL<-10
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X :AL<-14

[0072] (5) Heat discoloration resistance

Heat discoloration resistance was evaluated fdr eaated steel sheet product sample
by: heating the sample in an IR image furnace @ose&onds at the steel sheet
temperature: 50C,; retaining the steel sheet for 30 seconds &tG0@king the sample
out of the IR image furnace and leaving the sartapéglow it to be naturally cooled to

the room temperature; and visually observing tifase appearance of the sample when
it was cooled. The evaluation criteria are as vedlo

: No color change
: Very slightly brownish
: Discolored to pale brown

X > O ©

: Discolored to brown

[0073] (6) Paintability

Paintability was evaluated for each coated stesdtgbroduct sample by: coating the
sample with “DELICONI#700” (melaminealkyd paint manufactured by DAI NGW
TORYO Co., Ltd.); baking the sample at 18Gor 30 minutes to form on the coated
steel sheet a paint coating film having film thieka of 3im; immersing the sample in
boiling water for 2 hours; taking the sample outhef boiling water and immediately
cutting the paint coating film in a lattice-liketfgan (10 lines< 10 lines, 1mm interval
between lines) such that the cutting reached tHiacguof the base steel sheet; subjecting
the sample thus cut to 5mm extrusion processirantigrichsen cupping testing
machine, with the cut portion of the sample plamethe outer side; carrying out
adhesion and peeling with adhesive tape for thepkegand measuring a peeled area of
the paint coating film. The evaluation criteria asgfollows. The Erichsen cupping test
conditions were those according to JIS-Z-2247-20@i6punch diameter: 20mm, die
diameter: 27mm, and width of drawing: 27mm.

© : No peeling (Peeled area ratio = 0%)
O+ : Peeled area ratio 0% - 3% (exclusive of 0% an§l 3%
O ! Peeled area ratio 3% - 10%
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(inclusive of 3% and exclusive of 10%)

O— : Peeled area ratio 10% - 20%
(inclusive of 10% and exclusive of 20%)
/\ : Peeled area ratio 20% - 50%

(inclusive of 20% and exclusive of 50%)
X : Peeled area ratio 50% or higher

[0074] (7) Paintability after alkali degreasing

Paintability after alkali degreasing was evaludtecach coated steel sheet product
sample by subjecting the sample to the same al&gtieasing as in (3) above and then
the same test for evaluating paintability as iref)ve. The evaluation criteria were the
same as those in (6) above.

[0075] (8) Solvent resistance

Solvent resistance was evaluated for each coatelissteet product sample by: applying
a piece of gauze soaked with methanol on a suofatte sample and exerting load of
4.90 N (500gf) on the gauze; rubbing the samplasewith the gauze ten times
reciprocally with the load exerted thereon; evahgatisually the scars resulted from the
rubbing. The evaluation criteria are as follows.

© : Noscars

O+ : Scars were slightly observed when viewed diagotmitynot observed when
viewed from the top.

O @ Scars were clearly observed when viewed diagobaliyiot observed when
viewed from the top.

O— : Scars were slightly observed when viewed fromdpe t

/A : Scars were clearly observed when viewed from the to

X : Surface treatment film peeled off.

[0076] (9) Stability in storage

Stability in storage of each of the surface treatragent samples shown in Tables 9-1,
9-2, 10-1, 10-2, 11-1 and 11-2 was evaluated bingtthe sample in a thermostat
chamber at 4@ for 30 days, then taking the sample out of tlardser and visually
analyzing the appearance of the sample for evalualihe evaluation criteria are as
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follows. Further, coated steel sheet samples emghdisurface treatment film formed
thereon were prepared by using the surface treagent samples thus stored under
the aforementioned conditions, respectively. Traanbsteel sheet samples thus
prepared were subjected to the same tests astabriconnection with (1), (2) and (3)

above

© : Nochange

Ot Very small amount of precipitation was observed.

AN Small amount of precipitation was observed orosgy slightly increased.
X Large amount of precipitation was observed oirggthccurred.

[0077] (10) Lubricity

Lubricity was evaluated for each coated steel ssaaple by: cutting a disc-shaped test
piece (diameter: 200mm) out of the sample; molttiegest piece into a cup-like shape
under the conditions of punch diameter: 50mm, @imdter: 51.91mm, fold pressure:
1t; visually analyzing the appearance of the drgvgrocessed surface of the test piece
thus molded (i.e. the appearance of the extermiacguof the side of the cup); and
evaluating degree of scars and degree of blackenithg surface of the test piece. The
evaluation criteria are as follows.

© @ Substantially no change at the entire surface, witform appearance
O+ : Very low degree of blackening, with uniform appeaea

O  : Low degree of scars and blackening, with clearly-noiform appearance
O—: Localized occurrence of scars and blackening, glitarly non-uniform
appearance

/A : Severe occurrence of scars and blackening maiclyraer portions of the
sample

X 1 Molding failure due to cracking
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[0078] [Table 1a]
Table 1a Resin compound (A)

Y1 Y2 A -
verage substitution
No. Group Z: General formula (II) Group Z: General formula (II) | number of Group Z n
per benzene ring
R1 R2 R1 R2
Al 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 -CyoH,s Methyl Hydrogen Hydrogen 0.5 5
A6 -C,,H,,0H Methyl Hydrogen Hydrogen 0.5 5
A7 Hydrogen Hydrogen Methyl Ethyl 0.1 5
A8 Hydrogen Hydrogen Methyl Ethyl 1.2 5
A9 Hydrogen Hydrogen Methyl Ethyl 04 80

* The group represented by general formula (II) was used as Group Z.
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[Table 1b]
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[0080] [Table 2]
Table 2 Urethane resin (B)
No. Urethane resin (B) [onicity Manufacturer
B1 ADEKA POINTER HUX-670 Cationic ADEKA CORPORATION
B2 SUPERFLEX 600 Cationic DAI-ICHI KOGYO SEIYAKU Co., Ltd.
B3 PERMARIN UC-20 Cationic SANYO CHEMICAL INDUSTRIES, Ltd.
B4 ADEKA POINTER UX-206 Nonionic ADEKA CORPORATION
B5 HYDRAN AP-10 Anionic DIC CORPORATION
[0081] [Table 3]
Table 3 Silanecouping agent (C)
No. Silane couping agent (C)
C1 3—mercaptopropyltrimethoxysilane
C2 N—(2-aminoethyl)-3—aminopropyltrimethoxysilane
C3 3-glycidoxypropyltrimethoxysilane
C4 3—methacryloxypropyltrimethoxysilane
G5 Vinyltrimethoxysilane
[0082] [Table 4]

Table 4 Titanium compound (D)

No. Titanium compound (D)

D1 Titanium acetylacetonato (Ti:12.5 mass %)
D2 Titanium tetraacetylacetenato (Ti:10.8 mass %)
D3 Titanium nitrate (Ti:16.2 mass %)

D4 Fluorotitanic acid (Ti:29.2 mass %)
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[0083]  [Table 5]
Table 5 Vanadium compound (E)
No. Vanadium compound (E)
E1 Vanadyl oxalate (V:32.9 mass %)
E2 Vanadyl acetylacetonate (V:19.2 mass %)
E3 Vanadyl sulfate (V:31.2 mass %)
E4 Ammonium metavanadate (V:43.5 mass %)
[0084]  [Table 6]
Table 6 Molybdic acid compound (F)
No. Molybdic acid compound (F)
F1 Na,MoO,*2H,0
F2 (NH,) ¢Mo;0,,+4H,0
F3 (NH,) 3[PMo;,04,]+3H,0
[0085]  [Table 7]
Table 7 Wax (W) emulsion
No. Wax species (W) p:\’/:re])lcti{;g) Solid con;c;r;i:t;ispersion Partic(lzcjri]a)meter
W1 Polyethylene oxide wax 115 20 0.1
W2 Microcrystalline wax 90 20 0.1
W3 Paraffin wax 50 20 0.1

* The aforementioned waxes, which had been forcibly emulsified by emulsifier, were used.
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[Table 8]
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[Table 9-1]
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[0088] [Table 9-2]
Table 9-2

No. Acidic component 2 PO4/ E/

Type Mass® | oH x| x2) | x3) | x4 (X5) x6) |@atbte) [(atbtc)
1 Example 1 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0
2 Example 2 - 0 45 0.13 0.75 60 0.40 0.008 0 0.050 0
3 Example 3 - 0 45 0.11 0.75 60 0.40 0.008 0 0.050 0
4 Comp. Ex. 1 - 0 45 0.08 0.75 60 0.40 0.008 0 0.050 0
5 Example 4 - 0 45 0.27 0.73 58 0.40 0.008 0 0.050 0
6 Example 5 - 0 45 0.29 0.70 56 0.40 0.008 0 0.050 0
7 Comp. Ex. 2 - 0 45 0.32 0.68 55 0.40 0.007 0 0.049 0
8 Comp. Ex. 3 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0
9 Comp. Ex. 4 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0.030
10 Comp. Ex. 5 - 0 45 0.20 0.75 60 0 0.008 0 0.050 0
11 Comp. Ex. 6 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0
12 Comp. Ex. 7 - 0 45 0.06 0.65 57 0 0.006 0 0.100 0.027
13 Comp. Ex. 8 - 0 45 0.06 0.65 57 0 0.006 0 0.100 0.027
14 Comp. Ex. 9 - 0 45 0.50 0.25 20 0.40 0.008 0 0.075 0.030
15 Example 6 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0
16 Example 7 HyZrFg 0.5 45 0.20 0.75 60 0.40 0.008 0 0 0.003
17 Example 8 | Hydrofluoric acid| 0.5 45 0.23 0.72 60 0.40 0.007 0 0.060 0.006
18 Example 9 [ Hydrofluoric acid 0.5 45 0.23 0.72 60 0.40 0.007 0 0 0.006
19 Example 10 - 0 45 0.23 0.72 55 0.36 0.007 0 0.048 0.003
20 Comp. Ex. 10 - 0 45 0.23 0.54 60 0.40 0.007 0 0.048 0
21 Example 11 - 0 45 0.23 0.63 61 0.40 0.007 0 0.048 0
22 Example 12 - 0 45 0.13 0.82 62 0.40 0.007 0 0.048 0
23 | Comp. Ex. 11 - 0 45 0.12 0.87 60 0.40 0.007 0 0.048 0
24 Comp. Ex. 12 - 0 45 0.20 0.75 75 0.40 0.008 0 0.050 0
25 Example 13 - 0 45 0.20 0.75 68 0.40 0.008 0 0.050 0
26 Example 14 - 0 45 0.20 0.75 52 0.40 0.008 0 0.050 0
27 Comp. Ex. 13 - 0 45 0.20 0.75 48 0.40 0.008 0 0.050 0
28 Comp. Ex. 14 - 0 45 0.20 0.75 60 0.24 0.008 0 0.050 0
29 Example 15 - 0 45 0.20 0.75 60 0.33 0.008 0 0.050 0
30 Example 16 - 0 45 0.20 0.75 60 049 0.008 0 0.050 0
31 Comp. Ex. 15 - 0 45 0.20 0.75 60 0.55 0.008 0 0.050 0
32 Example 17 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0

(%) X1=(B,)./ (A, +B,+C,),
X5=(Fyo) ~ (A, +B.+Cy),

X2=(C,)/ (A,+B.+C,),
X6=(W,)./ (A, +B,)

X8=(C,)/(Dy),

x4=(E,)./ (D).
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[Table 10-1]
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[0090]  [Table 10-2]

Table 10-2
Acidic component 2
No. Type Mass % PO~ i
pH X1) (X2) (X3) (X4) (X5) (X6) [(atb+c) |(atb+c)

33 | Example 18 - 0 4.5 0.20 0.75 60 0.40 0.004 0 0.050 0
34 | Comp.Ex. 16 - 0 45 0.20 0.75 60 0.40 0.001 0 0.050 0
35 | Comp.Ex. 17 - 0 45 0.20 0.75 60 0.40 0 0 0.050 0
36 | Example 19 - 0 4.5 0.20 0.75 60 0.40 0.006 0 0.050 0
37 | Example 20 - 0 4.5 0.20 0.75 60 0.40 0.004 0 0.050 0
38 | Comp.Ex. 18 - 0 45 0.20 0.75 60 0.40 0 0 0.050 0
39 | Comp.Ex. 19 - 0 45 0.20 0.75 60 0.40 0 0 0.050 0
40 | Example 21 - 0 4.5 0.20 0.75 60 0.40 0.008 0 0.050 0
41 | Example 22 - 0 4.5 0.20 0.75 60 0.40 0.004 0 0.050 0
42 | Comp. Ex. 20 - 0 45 0.20 0.75 60 0.40 0 0 0.050 0
43 | Comp. Ex. 21 - 0 45 0.20 0.75 60 0.40 0 0 0.050 0
44 | Example 23 - 0 4.5 0.20 0.75 60 0.40 0.008 0 0.050 0
45 | Example 24 - 0 4.5 0.20 0.75 60 0.40 0.004 0 0.050 0
46 | Comp. Ex. 22 - 0 45 0.20 0.75 60 0.40 0.001 0 0.050 0
47 | Comp. Ex. 23 - 0 4.5 0.20 0.75 60 0.40 0 0 0.050 0
48 | Example 25 - 0 4.5 0.20 0.75 60 0.40 0.013 0 0.050 0
49 Example 26 - 0 45 0.20 0.75 60 0.40 0.019 0 0.050 0
50 Example 27 - 0 45 0.20 0.75 60 0.40 0.025 0 0.050 0
51 | Example 28 - 0 4.5 0.20 0.75 60 0.40 0.030 0 0.050 0
52 | Comp.Ex. 24 - 0 4.5 0.20 0.75 60 0.40 0.033 0 0.050 0
53 Example 29 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0
54 Example 30 - 0 45 0.20 0.75 60 0.40 0.008 0 0.050 0
55 | Example 31 - 0 4.5 0.20 0.75 60 0.40 0.008 0.305 0.050 0
56 | Example 32 - 0 4.5 0.20 0.75 60 0.40 0.008 0.390 0.050 0
57 Example 33 - 0 45 0.20 0.75 60 0.40 0.008 0.305 0.050 0
58 Example 34 - 0 45 0.20 0.75 60 0.40 0.008 0.250 0.050 0
59 | Comp.Ex. 25 - 0 3.0 0.20 0.75 60 0.40 0.008 0 0.050 0
60 | Comp. Ex. 26 - 0 3.4 0.20 0.75 60 0.40 0.008 0 0.050 0
61 Example 35 - 0 4.0 0.20 0.75 60 0.40 0.008 0 0.050 0
62 Example 36 - 0 5.0 0.20 0.75 60 0.40 0.008 0 0.050 0
63 | Comp. Ex. 27 - 0 5.5 0.20 0.75 60 0.40 0.008 0 0.050 0

(%) X1=(B,)./ (A, +B,+C,), X2=(C,)./ (A, +B.+C,), X3=(C.)/(Dy), X4=(Ey). (Dy),
X5=(Fy.)/ (A, +B,+C,), X6=(W,) ./ (A, +B,)
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[0092]  [Table 11-2]

Table 11-2
No. Acidic component 2 P04/ £
Tvpe | Mass% | x| x2 | %3 | x4 | x5 | x&) @) |G

64 | Comp. Ex 28 - 0 6.0 0.20 0.75 60 040 | 00075 0 0.050 0
65 | Comp. Ex 29 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
66 Example 37 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
67 Example 38 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
68 | Example 39 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
69 | Example 40 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
70 Comp. Ex. 30 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
71 Comp. Ex. 31 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
72 | Example 41 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
73 | Example 42 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
74 Comp. Ex. 32 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
75 Example 43 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
76 | Comp.Ex 33 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
77 Comp. Ex. 34 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
78 Comp. Ex. 35 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
79 | Gomp. Ex 36 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
80 | Comp. Ex 37 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
81 Example 44 - 0 45 0.20 0.75 64 043 0.0075 0 0.050 0
82 Example 45 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
83 | Example 46 - 0 45 0.13 0.75 60 040 | 00075 0 0.050 0
84 | Example 47 - 0 45 0.23 07 50 040 | 00075 0 0.057 0
85 Comp. Ex. 38 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
86 Comp. Ex. 39 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
87 | Comp. Ex 40 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
88 | Comp. Ex 41 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
89 Comp. Ex. 42 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
90 Example 48 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
91 | Example 49 - 0 45 0.20 0.75 56 037 | 00075 0 0.050 0
92 | Comp. Ex 43 - 0 45 0.20 0.75 60 040 | 00075 0 0.050 0
93 Comp. Ex. 44 - 0 45 0.20 0.75 60 0.40 0.0075 0 0.050 0
94 Example 50 - 0 45 0.19 0.76 64 0.40 0.0075 0 0.048 0
95 | Comp. Ex. 45 - 0 45 0.20 075 60 040 | 00075 0 0.050 0

(%) X1=(B,) /(A +B,+C,), X2=(C,)./ (A, 4+B.+C,), X3=(C,)/(Dy), X4=(Ey)./(Dy),
X5=(Fyo)/ (A, +B,+C.), X6=(W,) ./ (A, +B,)



- 41 -

[0093]  [Table 12-1]
Table 12-1
Drying Coating
No. stS;ast::et temperature | weight Note
(c) (g/m?)
1 Example 1 GF3 100 1.0
2 Example 2 GF3 100 1.0
3 Example 3 GF3 100 1.0
4 Comp. Ex. 1 GF3 100 1.0
5 Example 4 GF3 100 1.0
6 Example 5 GF3 100 1.0
7 Comp. Ex. 2 GF3 100 1.0
8 Comp. Ex. 3 GF3 100 1.0
9 Comp. Ex. 4 GF3 100 1.0
10 Comp. Ex. 5 GF3 100 1.0
1 Comp. Ex. 6 GF3 100 1.0
12 | Comp.Ex.7 GF3 100 1.0 Ref. JP-B 3883831
13 Comp. Ex. 8 GF3 100 1.0
14 | Comp.Ex. 9 GF3 100 1.0 Ref. JP—A 2006-152436
15 Example 6 GF3 100 1.0
16 Example 7 Gl 100 1.0
17 Example 8 GA 100 1.0
18 Example 9 GF1 100 1.0
19 Example 10 EG 100 1.0
20 | Comp. Ex. 10 GF3 100 1.0
21 Example 11 GF3 100 1.0
22 Example 12 GF3 100 1.0
23 | Comp. Ex. 11 GF3 100 1.0
24 | Comp. Ex. 12 GF3 100 1.0
25 Example 13 GF3 100 1.0
26 Example 14 GF3 100 1.0
27 | Comp. Ex. 13 GF3 100 1.0
28 | Comp. Ex. 14 GF3 100 1.0
29 Example 15 GF3 100 1.0
30 Example 16 GF3 100 1.0
31 Comp. Ex. 15 GF3 100 1.0
32 Example 17 GF4 100 1.0
33 Example 18 GF4 100 1.0
34 | Comp. Ex. 16 GF4 100 1.0
35 | Comp. Ex. 17 GF4 100 1.0
36 Example 19 GF3 100 1.0
37 Example 20 GF3 100 1.0
38 | Comp. Ex. 18 GF3 100 1.0
39 | Comp. Ex. 19 GF3 100 1.0
40 Example 21 GF2 100 1.0
41 Example 22 GF2 100 1.0
42 | Comp. Ex. 20 GF2 100 1.0
43 | Comp. Ex. 21 GF2 100 1.0
44 Example 23 GF1 100 1.0
45 Example 24 GF1 100 1.0
46 | Comp. Ex. 22 GF1 100 1.0
47 | Comp. Ex. 23 GF1 100 1.0
48 Example 25 GF3 100 1.0
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[0094]  [Table 12-2]
12-2
Drying Coating
No. stS;ast::et temperature | weight Note
(°c) (g/m?)
49 Example 26 GF3 100 1.0
50 Example 27 GF3 100 1.0
51 Example 28 GF3 100 1.0
52 | Comp. Ex. 24 GF3 _ _ The test was stopped due to gelling of the surface treatment liquid.
53 Example 29 GF3 100 1.0
54 Example 30 GF3 100 1.0
55 Example 31 GF3 100 1.0
56 Example 32 GF3 100 1.0
57 Example 33 GF3 100 1.0
58 Example 34 GF3 100 1.0
59 | Comp. Ex. 25 GF3 100 1.0
60 | Comp. Ex. 26 GF3 100 1.0
61 Example 35 GF3 100 1.0
62 Example 36 GF3 100 1.0
63 | Comp. Ex. 27 GF3 100 1.0
64 Comp. Ex. 28 GF3 — — The test was stopped due to gelling of the surface treatment liquid.
65 | Comp. Ex. 29 GF3 100 0.1
66 Example 37 GF3 100 0.3
67 Example 38 GF3 100 0.5
68 Example 39 GF3 100 1.3
69 Example 40 GF3 100 1.5
70 |Comp.Ex.30] GF3 100 2.0
71 | Comp. Ex. 31 GF3 40 1.0
72 Example 41 GF3 60 1.0
73 Example 42 GF3 140 1.0
74 | Comp. Ex. 32 GF3 220 1.0
75 Example 43 GF3 100 1.0
76 | Comp. Ex. 33 GF3 — — The test was stopped due to presence of undissolved materials.
77 | Comp. Ex. 34 GF3 — — The test was stopped due to presence of undissolved materials.
78 | Comp. Ex. 35 GF3 — — The test was stopped due to presence of undissolved materials.
79 | Comp. Ex. 36 GF3 100 1.0
80 | Comp. Ex. 37 GF3 100 1.0
81 Example 44 GF3 100 1.0
82 Example 45 GF3 100 1.0
83 Example 46 GF3 100 1.0
84 Example 47 GF3 100 1.0
85 | Comp. Ex. 38 GF3 — — The test was stopped due to presence of undissolved materials.
86 | Comp. Ex. 39 GF3 — — The test was stopped due to presence of undissolved materials.
87 | Comp. Ex. 40 GF3 — — The test was stopped due to presence of undissolved materials.
88 | Comp. Ex. 41 GF3 100 1.0
89 | Comp. Ex. 42 GF3 100 1.0
90 Example 48 GF3 100 1.0
91 Example 49 GF3 100 1.0
92 | Comp. Ex. 43 GF3 — — The test was stopped due to coagulation of the urethane resin.
93 | Comp. Ex. 44 GF3 — — The test was stopped due to coagulation of the urethane resin.
94 Example 50 GF3 100 1.0
95 | Comp. Ex. 45 GF3 100 1.0
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[0098] The coated steel sheet product samples manufadiyngsing the surface
treatment agent samples of the present invent®maoranimously excellent in each of
corrosion resistance in a flat surface portion;asion resistance in a processed portion,
corrosion resistance after degreasing, anti-blatikg property, heat discoloration
resistance, paintability (without degreasing oeraflegreasing), and solvent resistance,
as shown in Tables 13-1, 13-2 and 13-3. Furtharumhderstood from the results of
storage stability shown in Tables 13-1, 13-2 an@® #&at the surface treatment agent
samples of the present invention unanimously maiiggaod quality in a stable manner
before and after a storage period.

[0099] In contrast, Comparative Example 1 (sample NowHich was beyond the
scope of the present invention due to too low curgethe cationic urethane resin
emulsion (B), exhibited very poor corrosion resistat a bending-processed portion
and corrosion resistance thereof further detegdrafter storage of the surface treatment
agent. Comparative Example 2 (sample No. 7), wihies beyond the scope of the
present invention due to too high content of theo& urethane resin emulsion (B),
exhibited poor quality after alkali degreasing andatisfactory solvent resistance.
Comparative Example 3 (sample No. 8) and Compar&kample 4 (sample No. 9),
each lacking the organic titanium chelate compdaf the present invention, failed
to obtain satisfactory quality in at least one@fasion resistance at a bending-
processed portion and corrosion resistance akali degreasing.

[0100] Comparative Example 5 (sample No. 10) and Comipargkample 7
(sample No. 12) and Comparative Example 8 (samplelB), each lacking the
quadrivalent vanadyl compound (E) of the preserantion, exhibited very poor
corrosion resistance at a bending-processed pamidrrorrosion resistance thereof
further deteriorated after storage of the surfeestinent agent. Comparative Example 6
(sample No. 11), using a pentavalent vanadyl comghdiailed to obtain good results in
corrosion resistance at a bending-processed pa@midicorrosion resistance after alkali
degreasing and exhibited deterioration of paintglafter alkali degreasing.
Comparative Example 9 (sample No. 14), althougimployed the quadrivalent vanadyl
compound (E), exhibited very poor corrosion resisteat a bending processed portion
and solvent resistance, as well as poor corrosisistance after storage, because Comp.
Example 9 lacks the organic titanium chelate comgdD). Comparative Example 7
(sample No. 12) and Comparative Example 9 (samplelB) were carried out in view
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of JP-B 3883831 and JP-A 2006-152436, respectively.

[0101] Comparative Example 10 (sample No. 20), which keg®nd the scope of
the present invention due to too low solid conténihe silane coupling agent (C),
exhibited poor solvent resistance. Comparative arhl (sample No. 23), which was
beyond the scope of the present invention dueotbitgh solid content of the silane
coupling agent (C), exhibited very poor corrosiesistance at a bending-processed
portion and the situation worsened in terms ofasdon resistance after storage of the
surface treatment agent. Comparative Example h2plsaNo. 24), which was beyond
the scope of the present invention due to too mgks (solid content) ratio of the silane
coupling agent (C) with respect to titanium of ¢inganic titanium chelate compound
(D), exhibited poor corrosion resistance afterlatkegreasing and paintability.
Comparative Example 13 (sample No. 27), which veg®ibd the scope of the present
invention due to too low mass (solid content) rafithe silane coupling agent (C) with
respect to titanium of the organic titanium chetadmpound (D), exhibited very poor
corrosion resistance at a bending-processed pamidrcorrosion resistance thereof
further deteriorated after storage of the surfeesient agent.

[0102] Comparative Example 14 (sample No. 29), which beg®nd the scope of
the present invention due to too low mass ratieofdium of the quadrivalent vanadyl
compound (E) with respect to titanium of the orgdit@nium chelate compound (D),
exhibited very poor corrosion resistance. Compagdixample 15 (sample No. 31),
which was beyond the scope of the present invediiento too high mass ratio of
vanadium of the quadrivalent vanadyl compound (if) mespect to titanium of the
organic titanium chelate compound (D), exhibitedrpmrrosion resistance after alkali
degreasing and paintability.

[0103] Comparative Examples 16 to 23 (samples Nos. 388339, 42, 43, 46,
47), each of which was beyond the scope of theepté@svention due to too low solid
content of the molybdic acid compound (F) as adtegnent of the present invention,
unanimously exhibited poor anti-black patina propeComparative Example 24
(sample No. 52), which was beyond the scope gbitsent invention due to too high
solid content of the molybdic acid compound (Fhikxed gelling of the surface
treatment agent sample, thereby forcing the testbfmat that stage.

[0104] Comparative Examples 25 to 27 (samples Nos. 5%30where pH values
of the surface treatment agent samples had notdupested adequately, exhibited very



10

15

20

25

30

-48 -

poor corrosion resistance and poor storage stafllamparative Example 28 (sample
No. 64), where pH values of the surface treatmgemiasamples was very high,
exhibited gelling of the surface treatment agemtga and the test had to be stopped.
[0105] Comparative Example 29 (sample No. 65), which eg®nd the scope of
the present invention due to too low film coatingight of the surface treatment film,
cannot have sufficient corrosion resistance. CoatparExample 30 (sample No. 70),
which was beyond the scope of the present invediierto too high film coating weight
of the surface treatment film, exhibited poor petaility.

Comparative Example 31 (sample No. 71), which veg®ihd the scope of the present
invention due to too low drying temperature, faile@xhibit sufficient corrosion
resistance after alkali degreasing. Comparativeripl@ 32 (sample No. 74), which was
beyond the scope of the present invention dueotbigh drying temperature, exhibited
deterioration in corrosion resistance at a bengiogessed portion and paintability.
[0106] Regarding the resin compound (A), Comparative Eptard3 (sample No.
76), Comparative Example 34 (sample No. 77), Coatppar Example 38 (sample No.
85) and Comparative Example 39 (sample No. 86} eawhich was beyond the scope
of the present invention in terms of the numbearasbon atoms of the groapand
Comparative Example 35 (sample No. 78) and Comiparakample 40 (sample No.
87), each of which was beyond the scope of theept@svention due to too small
average substitution number of the grauger benzene ring, unanimously exhibited
presence of undissolved materials or incompletotison at the stage of preparing the
surface treatment agent samples. Comparative Eradtplsample No. 79) and
Comparative Example 41 (sample No. 88), each athwvvias beyond the scope of the
present invention due to too large average sutistitnumber of the groupper

benzene ring, failed to maintain good quality &f srface treatment agent samples in a
stable manner before, during and after a storagedpeespectively. Comparative
Example 37 (sample No. 80) and Comparative Exadlsample No. 89), each of
which was beyond the scope of the present invediiento too high number average
degree of polymerization, each exhibited gellinghef surface treatment agent sample
after storage.

[0107] Comparative Example 43 (sample No. 92) emplogimgrionic urethane
resin emulsion and Comparative Example 44 (sampl€8) employing anionic
urethane resin emulsion exhibited coagulation ethame resin at the stage of preparing
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the surface treatment agent samples, respectVeipparative Example 45 (sample No.
95), which was beyond the scope of the presentiiorein terms of the silane coupling
agent, failed to have good corrosion resistaneg alitali degreasing.

Industrial Applicability

[0108] According to the present invention, it is posstblsupply without relying

on chromating treatment a coated steel sheet sedjeradditional surface treatment,
which is excellent in corrosion resistance (coonsesistance at a bending-processed
portion in particular), heat resistance, paintghiolvent resistance and anti-black
patina property. Further, the one-pack type suri@agment agent of the present
invention, capable of maintaining good quality befaluring and after storage, causes a
superior effect of reducing cost and waste in pcodn.
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Claims

1. A surface treatment agent for a zinc or zitmyaloated steel sheet, comprising:

(A) resin compound having a bisphenol skeletonasgnted by general formula
(1) below;

(B) cationic urethane resin emulsion having adtleae type of cationic functional
group selected from primary amine, secondary artemnggry amine and quaternary
ammonium salt;

(C) at least one type of silane coupling agenirftpat least one type of reactive
functional group selected from active hydrogen-ammg amino group, epoxy group,
mercapto group and methacryloxy group;

(D) organic titanium chelate compound,

(E) quadrivalent vanadyl compound,;

(F) molybdic acid compound; and

(G) water,
such that conditions (1) to (5) below are satisfpd of the surface treatment agent
being in the range of 4 to 5,

wherein: (1) [(B){(A ¢ + (Bs) + (C)}] as a mass ratio of solid contentBf the
cationic urethane resin emulsion (B) with resped¢btal solid content {(§ + (Bs) +
(Cy)} of the resin compound (A), the cationic urethaesin emulsion (B) and the silane
coupling agent (C) is in the range of 0.1 to 0.3;

(2) [(CHA(A 9 + (By + (C)}] as a mass ratio of solid contentGf the silane
coupling agent (C) with respect to total solid eon{(As) + (Bs) + (C)} of the resin
compound (A), the cationic urethane resin emul@&)rand the silane coupling agent
(C) is in the range of 0.6 to 0.85;

(3) {(Cy/(Di) } as a mass ratio of solid content)Gf the silane coupling agent
(C) with respect to mass content{)iin terms of titanium of the organic titanium
chelate compound (D) is in the range of 50 to 70;

(4) {(Ev)/(D7) } as a mass ratio of mass content)(i& terms of vanadium of the
quadrivalent vanadyl compound (E) with respect éssrcontent (B) in terms of
titanium of the organic titanium chelate compouyi§ in the range of 0.3 to 0.5;

(5) [(Fuo){(A ) + (By) + (C)}] as a mass ratio of mass contengdfHn terms of
molybdenum of the molybdic acid compound (F) witbpect to total solid content {{A
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+ (Bs) + (G} of the resin compound (A), the cationic urethae&n emulsion (B) and
the silane coupling agent (C) is in the range @8to 0.03.

HSC'—'C_CH‘?, ( I )

In formula (1), Y and Y; bonded to benzene rings, respectively, are eaepéndently
hydrogen or group represented by general formula (Il) or (Ill) be|dixe average
substitution number of the grogper benzene ring is in the range of 0.2 to 1.0,ran
represents integer in the range of 2 to 50.

R,

b (1)

—CH,-N
SR,

_ (D)

In formula (1) and formula (Ill), R R, Rs, Ry and R each independently represent
hydrogen atom, G alkyl group or G.10 hydroxyalkyl group, and Arepresents
hydroxyl ion or acid ion.

2. The surface treatment agent for a zinc or alloy coated steel sheet of claim 1,
further comprising (W) wax,
wherein [(W)/{(A ¢ + (Bs) }] as a mass ratio of solid content {Mgf the wax (W)



10

15

20

-52-

with respect to total solid content {{+ (By)} of the resin compound (A) and the
cationic urethane resin emulsion (B) is in the eanfy0.2 to 0.4.

3. A method for manufacturing a zinc or zinc alblmated steel sheet, comprising:

coating a surface of a zinc or zinc alloy coatedlsheet with the surface
treatment agent of claim 1 or 2; and

drying the zinc or zinc alloy coated steel shees ttoated such that the peak
temperature of the steel sheet is in the rang@°@ & 180C to form a surface
treatment film on the surface,

wherein a film coating weight of the surface treairfilm per one surface after
the drying process is in the range of 0.2%gml.8 g/m.

4. A zinc or zinc alloy coated steel sheet, hagirsgirface treatment film provided
thereon such that a film coating weight of the ioggfilm per one surface of the steel
sheet is in the range of 0.2 g/tn 1.8 g/m,

wherein the surface treatment film is obtainalyledating a surface of the zinc or
zinc alloy coated steel sheet with the surfacertreat agent of claim 1 or 2 and drying
the zinc or zinc alloy coated steel sheet thusechsuich that the peak temperature of the
steel sheet is in the range of60Go 180C.



