METHOD FOR MANUFACTURI NG ZI NC OR ZI NC ALLOY COATED STEEL SHEET AND ZI NC OR
ZI NC ALLOY COATED STEEL SHEET MANUFACTURED BY THE METHOD Technical Field

[ 0001] The present invention relates to an environnental -consci ous zinc or
zinc alloy coated steel sheet for use in autonobiles, home electric
appliances, building materials, and the |ike, having a surface-treatnent
coating forned on a surface of the zinc or zinc coated steel sheet by a
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coated steel sheet FHHIFATDUIRG OR/ZINGeANED VOGP ATHD pHErEL SUERRK , t he present
invention relates to a net hggniPACTBREDASE ¥HENEBIEHNC or zinc all oy coated
steel sheet having excellent el ectronmagnetic wave shiel ding properties and
corrosion resistance suitably applied to applications such as electric and/or
el ectronic éqthnimleﬁitlé in which electromagnetic interference (EM) is to be
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wave by ref g4 g the el ectromagnetic wave by a conductive material formng
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Conventionally, there has been w dely applled a zinc or zinc alloy coated
steel sheet having undergone a chromatel treatment using a treatnent |iquid
containing as a nmain conponent chromc acid, dichromatic acid or the salts
thereof, to a steel sheet for use in hone el ectronic appliances, building

mat eri al s and autonobiles. [0007] As described above, a netal body (steel
sheet) constltutlng a shleld box |s reqU|red to have relatlvely hlgh
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to 5.35, and further nore preferably within the rame of 1.66 to 5.89. Wen
the mass ratio (Cs/As) is less than 1.51, a zinc or zinc alloy coated sheet
that is excellent in corrosion resistance cannot be obtai ned. Wen the nass
rati o exceeds 5.89, adhesion properties of the coating filmdeteriorate. [0031
1 Further, in order to ensure good storage stability of the surface-treatnent
liquid, the surface-treatment liquid contains a chelating agent (D). Regarding
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[0009] Specific examples of the techniques are as follows.

(1) A technique of forming a film from a treatment liquid prepared by blending: a coating
agent obtained by reacting an organic resin such as polyvinyl phenol derivatives with an
acid component and an epoxy compound; a silane coupling agent; a vanadium compound;
and the like (see, for example, JP 2003-013252 A, JP 2001-181860 A, JP 2004-263252 A,
and JP 2003-155452 A)

(2) A technique of forming a film including a water-soluble resin, a thiocarbonyl group, a
vanadate compound, and a phosphoric acid (see, for example, JP 3549455 B)

(3) A technique of forming a film using a treatment liquid containing a metal (such as Ti)
compound, fluorides, and inorganic acid and organic acid such as a phosphate compounds
(see JP 3302677 B, JP 2002-105658 A, JP 2004-183015 A, JP 2003-171778 A, JP
2001-271175 A, JP 2006-213958 A, and JP 2005-48199 A)

(4) A technique of forming a composite film from rare earth elements such as Ce, La, Y,
and Ti, Zr elements and then forming by concentration an oxide layer on a coating interface
side and a hydroxide layer on a surface side in the film (JP 2001-234358 A), a technique of
forming a composite film of Ce and Si oxide (JP 3596665 B)

(5) A technique of forming, as an under layer, a phosphate and/or a phosphate compound
film containing oxide and forming, as an upper layer thereof, an organic composite film
formed of a resin film (see, for example, JP 2002-053980 A and JP 2002-053979 A).

(6) A technique of forming a composite film containing a specific inhibitor component and
a silica/zirconium compounds (see, for example, JP 2008-169470 A).

[0010] The films formed by the above-mentioned techniques are supposed to suppress
occurrence of white rust in zinc through combined addition of organic components or
inorganic components. For example, according to the techniques of the above-mentioned
references (1) and (2), corrosion resistance is ensured by adding, in principle, an organic
resin. However, in such a case as this where a coating film composition contains an organic
resin, a steel sheet having the coating film formed thereon fails to have satisfactory
conductivity because of the insulating organic resin. The steel sheet is not suitable for use as
a material for a shield box, accordingly.

[0011] The techniques of the above-mentioned references (3) and (4) propose an
inorganic-only film that is completely free of any organic component. However, such a
composite film formed by metal oxide and metal hydroxide must be made thick in order to
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attain sufficient corrosion resistance. Further, the techniques of the references (3) and (4)
cannot satisfy both corrosion resistance and conductivity in a compatible manner because a
zinc or zinc alloy coated steel sheet surface thereof is covered with a nonconductive film
(insulating film) such as zinc phosphate, which is disadvantageous in terms of attaining
excellent conductivity.

[0012] The technique of the above-mentioned reference (5) is focused on a fact that the
conductivity of a surface of a surface-treated steel sheet depends on film thickness of an
insulating film covering the surface of the steel sheet and aims to obtain excellent
conductivity by reducing the thickness of the insulating film. However, when the film
thickness is reduced, the corrosion resistance of the steel sheet is degraded. It is therefore
difficult accordingly to the reference (5) to obtain a surface-treated steel sheet which is
excellent both in corrosion resistance and conductivity.

[0013] The technique of the above-mentioned item (6) utilizes, as an inhibitor component,
a passivation effect of a vanadium compound and a low soluble metal salt derived from a
phosphate compound and forms, as a skeleton of a film, a composite film of a zirconium
compound, silica particles, and a silane coupling agent, to thereby manifest excellent
corrosion resistance. However, when good conductivity is required under a challenged
condition that contact is made with extremely low load, the film thickness needs to be
reduced, which makes it difficult to satisfy both corrosion resistance and conductivity in a
compatible manner.

[0014] As described above, in the conventional chromium-free coated steel sheet, film
thickness of a highly-insulating film needs to be increased in order to reliably obtain as
good corrosion resistance as a conventional chromate film. This inevitably makes it difficult
for the conventional chromium-free coated steel sheet to ensure good conductivity. As a
result, the conventional chromium-free coated steel sheet does not sufficiently satisfy
properties required for a steel sheet forming a shield box main body. Further, as described
above, it is necessary to sufficiently attain good conductivity between a metal body (steel
sheet) and a gasket which are in contact with each other at relatively low contact pressure in
order to more reliably improve shielding properties of the shield box. However, none of the
above-mentioned techniques gives any consideration to ensuring good conductivity in such
a circumstance as described above.

Disclosure of the Invention
[0015] Problems to be solved by the Invention

[0016] The present invention has been contrived to solve the above-mentioned problems
of the prior art, and an object thereof is to provide a method capable of manufacturing a zinc

20 2.41

5.1) 6 Al B1 G D1 EI 02 20 2 41 0.50 1.108 0.06 7 Al Bl C2 D1
20 2 41 0.50 1.108 0.06 4.0 8 Al B1 C3 D E F2



20 2.41 (150 0.08 0.06 4.0 9 Al B1 d D EH F2 40 151 0 S3 0.08

Al 82 d DI

FI. F2 40 151 0 83 0118 4.11 1 Al H d D F2 F2

008 4.0 2 Al 131 C2 D E2 F2 30 1.51 149 0.08 006

or zinc alloy coated steel sheet having a surface-treatment coating formed thereon, the
surface-treatment coating being free of controlled pollutant such as hexavalent chromium
and achieving excellent in conductivity, without sacrificing corrosion resistance, under a
challenged condition that the surface-treatment coating is in contact with a gasket or the like
at relatively low contact pressure.
Means for solving the Problems
[0017] As aresult of a keen study to solve the above-mentioned problems, the inventors
of the present invention have found out that these problems can be solved by forming a
coating film obtained by:

preparing a surface-treatment liquid containing following components by blending
the components at specific blending ratios, the components including: a resin emulsion
formed of a cationic urethane resin emulsion having at least one type of cationic functional
group selected from the group consisting of primary to tertiary amino groups and
quaternary ammonium group, and/or a non-ionic acrylic resin emulsion; a tetraalkoxysilane;
at least one type of silane coupling agent having at least one type of reactive functional
group selected from the group consisting of an active hydrogen-containing amino group,
epoxy group, mercapto group, and methacryloxy group; a chelating agent; a vanadate
compound; a titanium compound; and water,

applying by coating the surface-treatment liquid to a surface of a zinc or zinc alloy
plating layer; and

heating and drying the surface of the zinc or zinc alloy plating layer thus coated.

[0018] Specifically, the present invention has following aspects (1), (2), (3), and (4).
(1) A method for manufacturing a zinc or zinc alloy coated steel sheet, comprising:

preparing a surface-treatment liquid for a zinc or zinc alloy coated steel sheet, containing
following components, by blending the components such that solid mass contents
calculated from respective masses of the components satisfy conditions (I) to (V) below at
pH in the range of 3 to 6, the components including: (A) a resin emulsion formed of (A-1) a
cationic urethane resin emulsion having at least one type of cationic functional group
selected from the group consisting of primary to tertiary amino groups and quaternary
ammonium group and/or (A-2) a non-ionic acrylic resin emulsion; (B) a tetraalkoxysilane;
(C) at least one type of silane coupling agent having at least one type of reactive functional
group selected from the group consisting of an active hydrogen-containing amino group,
epoxy group, mercapto group, and methacryloxy group; (D) a chelating agent; (E) a
vanadate compound; (F) a titanium compound; and water; and applying by coating the
surface-treatment liquid to a surface of a zinc or zinc alloy coated steel sheet, heating and
drying the surface of the zinc or zinc alloy coated steel sheet such that a coating amount per
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one surface is in the range of 200 to 1,000 mg/m? to form a surface treatment coating film
on the surface, wherein the conditions (I ) to (V) are as follows: (I) solid content (Ag) of the
resin emulsion (A) with respect to the total solid contents of the surface-treatment liquid is
10 to 45mass%; (II) solid mass ratio (Cs/As) of solid content (Cs) of the silane coupling
agent (C) with respect to solid content (As) of the resin emulsion (A) is 1.51 to 5.89; (III)
solid mass ratio (Bs/Ds) of solid content (Bs) of the tetraalkoxysilane (B) with respect to
solid content (Ds) of the chelating agent (D) is 0.15 to 1.49; (IV) solid mass ratio (E,/Ds) of
content (E,) of the vanadate compound (E) in terms of V with respect to solid content (Ds)
of the chelating agent (D) is 0.03 to 0.23; and (V) solid mass ratio (F1/Ds) of content (Fr) of
the titanium compound (F) in terms of Ti with respect to solid content (Ds) of the chelating
agent (D) is 0.02 to 0.19.

(2) A method for manufacturing a zinc or zinc alloy coated steel sheet, comprising:
preparing a surface-treatment liquid for a zinc or zinc alloy coated steel sheet, containing
following components, by blending the components such that solid mass contents
calculated from respective masses of the components satisfy conditions (I) to (V) below at
pH in the range of 3 to 6, the components including: (A) a resin emulsion formed of (A-1) a
cationic urethane resin emulsion having at least one type of cationic functional group
selected from the group consisting of primary to tertiary amino groups and quaternary
ammonium group and/or (A-2) a non-ionic acrylic resin emulsion; (B) a tetraalkoxysilane;
(C) at least one type of silane coupling agent having at least one type of reactive functional
group selected from the group consisting of an active hydrogen-containing amino group,
epoxy group, mercapto group, and methacryloxy group; (D) a chelating agent; (E) a
vanadate compound; (F) a titanium compound; and water; and applying by coating the
surface-treatment liquid to a surface of a zinc or zinc alloy coated steel sheet, heating and
drying the surface of the zinc or zinc alloy coated steel sheet such that a coating amount per
one surface is in the range of 200 to 1,000 mg/m?” to form a surface treatment coating film
on the surface, wherein the conditions (I ) to (V) are as follows: (I) solid content (Ag) of the
resin emulsion (A) with respect to the total solid content of the surface-treatment liquid is
11 to 45mass%; (I1) solid mass ratio (Cs/As) of solid content (Cs) of the silane coupling
agent (C) with respect to solid content (As) of the resin emulsion (A) is 1.51 to 5.35; (III)
solid mass ratio (Bs/Ds) of solid content (Bs) of the tetraalkoxysilane (B) with respect to
solid content (Ds) of the chelating agent (D) is 0.15 to 1.49; (IV) solid mass ratio (E,/Ds) of
content (Ey) of the vanadate compound (E) in terms of V with respect to solid content (Dg)
of the chelating agent (D) is 0.03 to 0.23; and (V) solid mass ratio (F1/Ds) of content (Fr) of
the titanium compound (F) in terms of Ti with respect to solid content (Ds) of the chelating
agent (D) is 0.02 to 0.19.
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(3) The method for manufacturing a zinc or zinc alloy coated steel sheet according to the
aspects (1) or (2) above, wherein the surface-treatment liquid further contains a lubricant
(G) in the range of 1 to 10 mass% with respect to the total solid contents of the
surface-treatment liquid.

(4) A zinc or zinc alloy coated steel sheet manufactured by the method described in any of
the aspects (1) to (3) above.

Effect of the Invention

[0019] The present invention can provide a zinc or zinc alloy coated steel sheet having
good corrosion resistance and adhesion properties and, in particular, exhibiting good
conductivity without degrading the corrosion resistance under a challenged condition that
the steel sheet is in contact with a gasket under relatively low contact pressure.

Best Mode for carrying out the Invention

[0020] The present invention will be described in detail hereinafter.

<Zinc or zinc alloy coated Steel Sheet>

A zinc or zinc alloy coated steel sheet to be manufactured according to the present invention
is not particularly limited, and examples thereof include a hot dip galvanized steel sheet
(GI) or a galvannealed steel sheet (GA) obtained by alloying the hot dip galvanized steel
sheet (GI), a hot dip Zn - 5 mass% Al alloy coated steel sheet (GF), a hot dip Zn — 55
mass% Al alloy coated steel sheet (GL), an electrogalvanized steel sheet (EG), and an
electrolytic Zn-Ni alloy coated steel sheet (Zn — 11 mass% Ni), and the like.

[0021] <Surface-Treatment Liquid for zinc or zinc alloy coated Steel Sheet>

A surface-treatment liquid for a zinc or zinc alloy coated steel sheet employed in the present
invention contains: (A) a resin emulsion formed of (A-1) a cationic urethane resin emulsion
having cationic functional group and/or (A-2) a non-ionic acrylic resin emulsion; (B) a
tetraalkoxysilane; (C) a silane coupling agent; (D) a chelating agent; (E) a vanadate
compound; (F) a titanium compound; and water.

[0022] When the surface-treatment liquid containing the resin emulsion (A), formed of
(A-1) a cationic urethane resin emulsion and/or (A-2) a non-ionic acrylic resin emulsion, is
used for forming a surface-treatment coating film on a surface of a zinc or zinc alloy coated
steel sheet, there can be obtained a zinc or zinc alloy coated steel sheet which is excellent in
various properties including corrosion resistance of the steel sheet, adhesion properties of
the coating film thus formed, and corrosion resistance of the steel sheet after alkaline
degreasing and exhibits good formability as an advantage of a steel sheet having a resin film
formed thereon.

[0023] The cationic urethane resin constituting the cationic urethane resin emulsion (A-1)
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is not particularly limited in terms of polyol and isocyanate components as monomer
constituent components thereof and a polymerization method, as long as the cationic
urethane resin includes as a cationic functional group at least one type of a cationic
functional group selected from the group consisting of primary to tertiary amino groups and
quaternary ammonium group. Examples of the cationic functional group include amino
group, methylamino group, ethylamino group, dimethylamino group, diethylammino group,
trimethylamino group, and triethylamino group. It should be noted, however, that the
cationic functional group is not particularly limited as long as it is selected from primary to
tertiary amino groups and quaternary ammonium group and does not adversely affect the
effects of the present invention.

[0024] Type of the non-ionic acrylic resin emulsion (A-2) is not particularly limited and
examples thereof acceptable for use include an acrylic resin emulsified by a nonionic
emulsifier such as a water-based emulsion obtained by emulsifying in water vinyl based
monomer like acrylic acid, methacrylic acid, acrylic acid ester, methacrylic acid ester or
styrene in the presence of a nonionic surfactant (emulsifier) having in the structure thereof a
polyethylene oxide or a polypropylene oxide.

[0025] Contents of the resin emulsion (A), formed of the cationic urethane resin emulsion
(A-1) and/or the non-ionic urethane resin emulsion (A-2), is adjusted so that solid content
(As) thereof falls within the range of 10 to 45 mass%, more preferably within the range of
11 to 45mass%, and further more preferably within the range of 15 to 30mass%, with
respect to the total solid content of the surface-treatment liquid. When the content of the
resin emulsion (A) is less than 10 mass%, a zinc or zinc alloy coated steel sheet excellent in
adhesion properties cannot be obtained. When the content of the resin emulsion (A) exceeds
45 mass%, corrosion resistance of the steel sheet deteriorates. In the present invention,
“solid content” represents a solid component for analysis, obtained by collecting 1g of a
component constituting a surface treatment coating, and heating and drying the collected
sample in an oven for two hours at 110°C. Accordingly, “solid content” does not include a
solvent or the like.

[0026] Further, the surface-treatment liquid contains tetraalkoxysilane (B), as well as the
resin emulsion (A). When a surface-treatment liquid containing the tetraalkoxysilane (B) is
used for forming a surface-treatment coating film on a surface of a zinc or zinc alloy coated
steel sheet, there can be obtained a zinc or zinc alloy coated steel sheet which is excellent in
various properties including corrosion resistance of the steel sheet, adhesion properties of
the coating film thus formed, and corrosion resistance of the steel sheet after alkaline
degreasing and exhibits good heat resistance and weldability as advantages of a steel sheet
having an inorganic film formed thereon. Although reasons why such excellent
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characteristics can be obtained by use of the tetraalkoxysilane are not clear, it is assumed
that these characteristics are probably derived from a phenomenon that, when the
tetraalkoxy silane (B) and the above-mentioned resin emulsion (A) are used in combination,
the tetra-alkoxy silane (B) and the cationic urethane resin and/or the non-ionic urethane
resin form a film having a three-dimensional cross-linked structure.

[0027] Type of the tetra-alkoxy silane (B) is not particularly limited and examples thereof
include tetrametoxysilane, tetracthoxysilane, and tetrapropoxysilane, and the like. At least
one type of these compounds may be used. Among these examples, tetractoxysilane and
tetramethoxysilane are preferable because use thereof results in good corrosion resistance of
a zinc or zinc alloy coated steel sheet.

[0028] The surface-treatment liquid contains, in addition to the resin emulsion (A) and the
tetraalkoxysilane (B), at least one type of a silane coupling agent (C) having at least one
type of reactive functional group selected from the group consisting of active
hydrogen-containing amino group, epoxy group, mercapto group, and methacryloxy group.
When a surface-treatment liquid containing the silane coupling agent (C) is used for
forming a surface-treatment coating film on a surface of a zinc or zinc alloy coated steel
sheet, there can be obtained a coating film on a surface of a zinc or zinc alloy coated steel
sheet, which film is excellent in various properties including corrosion resistance of the
steel sheet and corrosion resistance of the steel sheet after alkaline degreasing and, in
particular, exhibits good adhesion properties and scratch resistance.

[0029] At least one type of the silane coupling agent (C) having at least one type of
reactive functional group selected from the group consisting of active hydrogen-containing
amino group, epoxy group, mercapto group, and methacryloxy group is not particularly
limited in type. For example, it is preferable to use at least one type of trialkoxysilanes each
having three alkoxy groups and at least one type of reactive functional group selected from
active hydrogen-containing amino group, epoxy group, vinyl group, mercapto group, and
methacryloxy group. Specific examples of the silane coupling agent (C) for use include,
without no particular limitation thereto: N-(aminoethyl)-3-aminopropyltrimethoxysilane,
3-aminopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropylmethyldimethoxysilane, 2-(3.,4 epoxycyclohexyl)-ethyltriethoxysilane,
vinyltriethoxysilane, 3-mercaptopropyltrimethoxysilane.

[0030] Content of at least one type of the silane coupling agent (C) having at least one
type of a reactive functional group selected from active hydrogen-containing amino group,
epoxy group, mercapto group, and methacryloxy group is adjusted such that a mass ratio
(Cs/Asg) of solid content of the silane coupling agent (C) with respect to the resin emulsion
(A) is preferably within the range of 1.51 to 5.89, more preferably within the range of 1.51



4.0 31 12 B2 C3 D1 El Ft 45 1.51 0.50 008 4.0 A2 82 Cl-HC2 02 E2 02
45 1.51 0.50 1(08 0.06 4.11 33 12 B2 C3 D1 E2 Ft 45 1.51 0.511 008 4.11
Al El C3 02 El Ft 45 1.51 11.50 008 0 13 4.0 35 A EH C3

to 5.35, and further more preferably within the range of 1.66 to 5.89. When the mass ratio
(Cs/Ag) is less than 1.51, a zinc or zinc alloy coated sheet that is excellent in corrosion
resistance cannot be obtained. When the mass ratio exceeds 5.89, adhesion properties of the
coating film deteriorate.

[0031] Further, in order to ensure good storage stability of the surface-treatment liquid,
the surface-treatment liquid contains a chelating agent (D). Regarding why good storage
stability can be ensured by the chelating agent (D), it is assumed that the chelating agent (D)
causes an effect of inhibiting the tetraalkoxysilane (B) from being polymerized in the
surface-treatment liquid such the surface-treatment liquid is prevented from being
deteriorated in long-term storage after preparation and the quality at the time of the
preparation is maintained. Further, the chelating agent (D) is needed in order to stably
dissolve a vanadate compound (E) and a titanium compound (F) described below into the
surface-treatment liquid. Yet further, the chelating agent (D) causes a smaller etching effect
on a surface of a zinc or zinc alloy coated layer than inorganic acid such as nitric acid,
phosphoric acid, sulfuric acid, and hydrofluoric acid and does not form a nonconductive
film such as a zinc phosphate film. Presumably for the reasons described above, a zinc or
zinc alloy coated steel sheet having a coating film formed by using a surface-treatment
using containing the chelating agent (D) exhibits better conductivity than a zinc or zinc
alloy coated steel sheet having a coating film formed otherwise.

[0032] Type of the chelating agent (D) is not particularly limited and examples thereof
include at least one type of: hydroxy carboxylic acid such as acetic acid, tartaric acid, and
malic acid; mono carboxylic acid; polycarboxylic acid such as dicarboxylic acid and
tricarboxylic acid like oxalic acid, malonic acid, succinic acid, citric acid and adipic acid;
amino carboxylic acid such as glycine; phosphonic acid; and phosphonate. At least one type
of these compounds may be used. Among these examples, a compound having carboxyl
group or phosphonic acid group in one molecule is particularly preferable in view of
attaining good storage stability of the surface-treatment liquid, as well as good corrosion
resistance and conductivity of the zinc or zinc alloy coated steel sheet.

[0033] Content of the chelating agent (D) is adjusted such that a mass ratio (Bs/Ds) of
solid content of the tetraalkoxysilane (B) with respect to solid content of the chelating agent
(D) is preferably within the range of 0.15 to 1.49, and more preferably within the range of
0.17 to 1.30. A zinc or zinc alloy coated steel sheet excellent in corrosion resistance cannot
be obtained when the mass ratio (Bs/Ds) is less than 0.15 or higher than 1.49.

[0034] The surface-treatment liquid for a zinc or zinc alloy coated steel sheet for use in
the present invention further contains a vanadate compound (E). The vanadate compound
(E) exists in a uniformly dispersed and highly water-soluble state in a coating film formed
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on a surface of a zinc or zinc alloy coated steel sheet and exhibits a so-called ““inhibitor
effect” in zinc corrosion. Examples of the vanadate compound (E) for use include
ammonium metavanadate, sodium metavanadate, and vanadium acetylacetonate. At least
one type of these compounds may be used possibly in combination.

[0035] Content of the vanadate compound (E) is adjusted such that a ratio (Ey/Ds) of
V-equivalent content (Ey) of the vanadate compound (E) with respect to solid content (Ds)
of the chelating agent (D) is preferably within the range of 0.03 to 0.23, and more
preferably within the range of 0.04 to 0.20. When the mass ratio (Ev/Ds) is less than 0.03, a
zinc or zinc alloy coated steel sheet excellent in corrosion resistance cannot be obtained.
When the mass ration exceeds 0.23, it is difficult to dissolve the vanadate compound (E)
into the surface-treatment liquid.

[0036] The surface-treatment liquid further contains a titanium compound (F). The
titanium compound (F) effectively imparts a coating film formed on a surface of the zinc or
zinc alloy coated steel sheet (particularly in portions thereof to be processed) with excellent
corrosion resistance. Examples of the titanium compound (F) include titanyl sulfate, titanyl
nitrate, titanium nitrate, titanyl chloride, titanium chloride, titania sol, titanium oxide,
potassium titanyl oxalate; hexafluorotitanic acid; ammonium hexafluorotitanate; titanium
lactate; titanium tetraisopropoxide; titanium acetylacetonate; and
bis(acetylacetone)diisopropyl titanium. Examples of the titanium compound (F) further
include: metatitanic acid obtained by subjecting an aqueous solution of titanyl sulfate to
thermal hydrolysis; orthotitanic acid obtained by alkaline neutralization and salts thereof.
[0037] Content of the titanium compound (F) is adjusted such that a mass ratio (F1/Ds) of
Ti-equivalent content (Fr) of the titanium compound (F) with respect to solid content (D)
of the chelating agent (D) is within the range of 0.02 to 0.19, and more preferably within the
range of 0.03 to 0.15. When the mass ratio (F1/Ds) is less than 0.02, a zinc or zinc alloy
coated steel sheet excellent in corrosion resistance cannot be obtained. When the mass ratio
exceeds 0.19, it is difficult to dissolve the titanium compound (F) into the surface-treatment
liquid.

[0038] The surface-treatment liquid for a steel sheet is required to have a pH value in the
range of 3 to 6, more preferably in the range of 4 to 5. When the pH of the surface-treatment
liquid is less than 3, storage stability of the surface-treatment liquid deteriorates and zinc
may be etched too much, possibly deteriorating corrosion resistance and conductivity of the
zinc or zinc alloy coated steel sheet. When the pH exceeds 6, corrosion resistance of the
zinc or zinc alloy coated steel sheet and adhesion properties of a film formed on the steel
sheet surface deteriorate. In the present invention, ammonium, amine, a derivative of amine,

and amino poly carboxylic acid may preferably be used as alkali for adjusting pH, while
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acid may preferably be selected from among the above-mentioned chelating agents (D). In a
case where the pH is adjusted by using an inorganic acid such as nitric acid, phosphoric acid,
sulfuric acid, and hydrofluoric acid, conductivity of the zinc or zinc alloy coated steel sheet
tends to be deteriorated. For this reason, an amount of the inorganic acid to be added need
be less than 4 mass% with respect to the total solid content of the surface-treatment liquid.
[0039] In the present invention, the surface-treatment coating film is adjustigly formed on
a surface of the zinc or zinc alloy coated layer such a coating amount per one surface is in
the range of 200 to 1,000 mg/mz, preferably in the range of 300 to 800 mg/mz. When a
coating amount is less than 200 mg/m?, corrosion resistance may be insufficient. When a
coating amount exceeds 1,000 mg/m?, conductivity of the zinc or zinc alloy coated steel
sheet may deteriorate.

[0040] A lubricant (G) may be added to the surface-treatment liquid in order to improve
lubrication properties. Examples of the lubricant may include a solid lubricant such as
polyethylene wax, oxidized polyethylene wax, oxidized polypropylene wax, carnauba wax,
paraffin wax, montan wax, a rice wax, a Teflon® wax, carbon disulfide, and graphite. At
least one type of the aforementioned solid lubricants may be used possibly in combination.
[0041] Content of the lubricant (G) used in the present invention is preferably in the range
of 1 to 10 mass%, more preferably be equal to or less than 7 mass%, and further more
preferably in the range of 1 to 5 mass%, with respect to the total solid content of the
surface-treatment liquid. When the content of the lubricant (G) is less than 1 mass%, no
improvement is observed in lubrication properties. When the content of the lubricant (G)
exceeds 10 mass%, corrosion resistance deteriorates.

[0042] Further, a surfactant (what is called “wetting agent” for forming a uniform film on
a surface to be coated, a thickening agent, a conductive material for improving conductivity,
a coloring pigment for improving design performance, and a solvent for improving
film-forming properties, may further be added to the surface-treatment liquid according to
necessity.

[0043] The surface-treatment liquid can be obtained by mixing the above-mentioned
components in water such as deionized water or distilled water. Solid contents or ratios in
the surface-treatment liquid may be appropriately selected. Further, water-soluble solvent
based on alcohol, ketone, or cellosolve, surfactant, defoamer, leveling agent, an antibacterial
and antifungal agent, and a colorant, and the like may be added to the surface-treatment
liquid according to necessity. Addition of these materials improves drying properties,
coating appearance, workability, storage stability, and design performance of the
surface-treatment liquid. However, it is important that these materials are added only to
such an extent that addition thereof does not adversely affect qualities to be obtained in the
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present invention. The maximum amount of these additives to be added is to be less than
Smass% with respect to the total solid content of the surface-treatment liquid.

[0044] As described above, in the present invention, a surface-treatment coating is formed
by applying by coating a predetermined surface-treatment liquid to a surface of a zinc or
zinc alloy coated layer of a zinc or zinc alloy coated steel sheet and then heating and drying
the surface-treatment liquid thus coated. Examples of a method of applying by coating the
surface-treatment liquid onto a zinc or zinc alloy coated steel sheet include: a roll coating
method; a bar coating method; a immersion method; and a spray coating method, and an
appropriate method may be selected depending on shape or the like of a zinc or zinc alloy
coated steel sheet to be processed. More specifically, for example, in a case where the zinc
or zinc alloy coated steel sheet is to be processed in a sheet shape, a roll coating method or a
bar coating method may be employed, or the surface-treatment liquid may be sprayed onto
the zinc or zinc alloy coated steel sheet and then a coating amount may be adjusted by a roll
squeeze or gas blown at high pressure. In a case where the zinc or zinc alloy coated steel
sheet has already been shaped into a product, there may be selected a method in which the
product is immersed in the surface-treatment liquid, taken out of the liquid, and in some
cases a coating amount is adjusted by blowing away an excess surface-treatment liquid with
compressed air.

[0045] Before applying the surface-treatment liquid onto the zinc or zinc alloy coated
steel sheet, the zinc or zinc alloy coated steel sheet may be subjected to a pre-treatment for
removing oil and stains from a surface thereof according to necessity. A zinc or zinc alloy
coated steel sheet is often coated with anti-rust oil to prevent the steel sheet from rusting. If
the zinc or zinc alloy coated steel sheet is free of anti-rust oil, the steel sheet still has oil and
stains attached thereon during the production process. These coating oil and/or dirt like oil
and stains degrade wettability of a surface of the zinc or zinc alloy coated layer and disturbs
smooth formation of a uniform first layer coating film of the surface-treatment liquid on the
surface. In view of this, conducting the aforementioned pre-treatment cleans a surface of the
zinc or zinc alloy coated layer, facilitating uniform wetting thereof. Needless to say, the
pre-treatment is not particularly needed in a case where a surface of the zinc or zinc alloy
coated steel sheet is free of oil and stains and can be uniformly wetted with the
surface-treatment liquid (A). The method of the pre-treatment is not particularly limited,
and examples thereof may include: hot water rinsing; solvent cleaning; alkaline degreasing
cleaning; and the like.

[0046] The heating temperature (peak metal temperature) when the surface-treatment
liquid applied on a surface of the zinc or zinc alloy coated layer is heat-dried is generally in
the range of 60 to 200°C, and preferably in the range of 80 to 180°C. When the heating
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temperature is equal to or higher than 60°C, no moisture, serving as main solvent, remains
in the coating film. When the heating temperature is equal to or lower than 200°C, the
generation of cracks in the coating film can be suppressed. Accordingly, problems such as
deterioration of corrosion resistance of the zinc or zinc alloy coated steel sheet can be
prevented from arising by setting the heating temperature within the aforementioned range.
Regarding the heating time, optimum conditions are to be selected depending on the type or
the like of a zinc or zinc alloy coated steel sheet to be used. The heating time is set
preferably in the range of 0.1 to 60 seconds, and more preferably in the range of 1 to 30
seconds, in terms of productivity or the like.

[0047] A surface-treatment coating film obtained as described above is excellent in heat
resistance, weldability, and adhesion properties. According to the present invention, it is
possible to obtain a zinc or zinc alloy coated steel sheet having desired conductivity can be
obtained without degrading corrosion resistance by forming such a surface-treatment
coating film as described above on a surface of a zinc or zinc alloy coated layer of a zinc or
zinc alloy coated steel sheet. Reasons for why such good performances are achieved are
presumably as follows.

[0048] First, in the present invention, the resin emulsion (A) formed of cationic urethane
resin emulsion (A-1) and/or non-ionic acrylic resin emulsion (A-2), the tetraalkoxysilane
(B), and the silane coupling agent (C) among the components forming the surface-treatment
coating form a skeleton of a coating film formed on a surface of the zinc or zinc alloy
coated layer of the zinc or zinc alloy coated steel sheet. A coating film containing the resin
emulsion (A) formed of the cationic urethane resin emulsion (A-1) and/or the non-ionic
acrylic resin emulsion (A-2) is, once dried, insoluble to water and causes a barrier effect,
thereby making it possible to obtain a zinc or zinc alloy coated steel sheet that is excellent in
various properties including corrosion resistance of the zinc or zinc alloy coated steel sheet,
adhesion properties of the coating film, and corrosion resistance of the zinc or zinc alloy
coated steel sheet after alkaline degreasing and exhibits good formability as an advantage of
a steel sheet having a resin film formed thereon.

[0049] Further, it is assumed that inclusion of the tetra-alkoxy silane (B) contributes to
three-dimensional cross-linking between a silanol group generated from alkoxy group of the
tetraalkoxysilane (B) and the cationic urethane resin and/or the non-ionic urethane resin
emulsion of the resin emulsion (A) and therefore formation of a densely-structured film.
Yet further, it is assumed that inclusion of the silane coupling agent (C) results in
cross-linking reaction between the silane coupling agent (C) and the silanol group of the
tetraalkoxysilane (B), contributing enhancing binding force of the film.

[0050] Yet further, the vanadate compound (E) and the titanium compound (F) among the
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components forming the surface-treatment coating exist in a uniformly dispersed and highly
water-soluble state in the coating film, thereby exhibiting a so-called inhibitor effect in zinc
corrosion. Specifically, it is assumed that at least some of the vanadate compound (E) and
the titanium compound (F) are ionized under a corrosion environment and passivated,
thereby suppressing corrosion of zinc itself. It is assumed that the titanium compound (F), in
particular, is preferentially dissolved into a defect portion of a coating film generated in a
processed portion of a zinc or zinc alloy coated steel sheet in a forming process for shaping
the steel sheet into a desired shape, thereby suppressing corrosion of zinc.

[0051] The chelating agent (D) among the components forming the surface-treatment
coating presumably causes an effect of suppressing polymerization of the tetraalkoxysilane
(B) in the surface treatment layer, as well as an effect of stably dissolving the vanadate
compound (E) and the titanium compound (F) into the surface-treatment liquid. Further, the
carboxyl group or the phosphonic acid group of the chelating agent (D) presumably
functions as a crosslinking agent which is reacted with the aforementioned skeleton
component of the coating film to form a densely-structured skeleton during the film
forming process by drying and heating, without forming an insulating film (nonconductive
film) such as zinc phosphate, thereby contributing to the improvement in conductivity.
[0052] In summary, in the surface-treatment coating film employed in the present
invention, a coating film formed by the cationic urethane resin emulsion and/or the
non-ionic urethane resin emulsion, the tetraalkoxysilane, and the silane coupling agent
achieves high corrosion resistance in spite of reduced thickness and the coating film can
maintain good conductivity in a challenged condition that the film or the steel sheet is in
contact with a gasket or the like at relatively low pressure by a structure thereof containing
corrosion inhibitors such as the chelating agent, the vanadate compound, and the titanium
compound.

[0053] According to the present invention, there can be provided a zinc or zinc alloy
coated steel sheet which is excellent in various properties such as corrosion resistance and
adhesion properties and exhibits, in particular, good conductivity under a challenged
condition that the steel sheet is in contact with other members at relatively low pressure
without sacrificing corrosion resistance. The zinc or zinc alloy coated steel sheet of the
present invention can be applied to various applications and can be suitably employed, for
example, as a material for use in various fields such as architecture, electric appliances, and

automobiles.

Examples
[0054] Next, effects of the present invention will be described with reference to Examples
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each test shagk} @iﬁ‘ﬁre%étm%ﬂ%&lbe{ﬂﬁl yas specifically performed as follows.
[ 0068] Bar

atl esurfacetre liquid was a i ed dropwi se to each
test piece ﬁ @g‘ﬂ%fd’r‘fpﬁ%‘?‘?eaotﬁStBﬁ%a‘ﬁ‘é‘@sﬁrs %sﬁwgeagﬁaéggée?ﬂbof “hunber of the
bar coater hboveusatiard tstrectdntentngaPADRLDY N6HS” sundfaceed hyelsthoent | i quid were
adj ust ed SO pggefdifn éaé& e, t@r&lﬁﬁb Bﬁr‘gna“s%ﬁ IfReh AORPALe; thkp@gs%]ng[tMltfcez] [ Tabl e
2.] Ex al uallon iteri PS’ Treatint I\/go %@ng Met hod
Coat i ng AnoOM @ryASE %ﬁ% a&au?%al ntaﬁslél Bils 1 HGEAN ER et lRkeip e2

Exanpl e5 wetting the surface with pure water (deionized water); and drying the test sheet in an oven

of 100°C atmosphere to remove moisture therefrom. The sheet thus obtained is used as a
test piece.

[0057] (3) Preparation of surface-treatment liquid

Components of respective compositions (mass ratios) shown in Table 1 were mixed in
water to obtain respective surface-treatment liquids for a zinc or zinc alloy coated steel
sheet. Blended amounts of the component (G) in Table 1 each present an amount (g) to be
blended into 1 kg of the surface-treatment liquid. Further, As, Bs, Cs, Dg, Ey, and Fy in
Table 1 represent solid content of the resin emulsion (A), solid content of the
tetraalkoxysilane (B), solid content of the silane coupling agent (C), solid content of the
chelating agent (D), content of the vanadate compound (E) in terms of V, and of the
titanium compound (F) in terms of Ti, respectively.
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Exanpl e4 Exanpl e5 Exanpl e6 Exanpl e7 Exanpl e8 Exanpl e9 Exanpl el0 Exanpl eD.
Exanpl e1l2 Exanpl el3 Exanpl el4 Exanpl el5 Exanpl el6 Exanpl el7 Exanpl el8

Exanpl e19 Exanpl e20 Exanpl e71 Exanpl e22 Exanpl e23 Exanpl e24 Exanpl e25

Exanpl e26 Exanpl e27 Exanpl e28 Exanpl e29 Exanpl e30 Exanpl e31 Exanpl e32

Exanpl e33 Exanpl e34 Exanpl e35 Exanpl e36 Exanpl e37 Exanpl e38 Conparati ve

Exanpl e39 Conparati ve Exanpl e40 Conparative Exanpled4l Conparative Exanpl e42
Conpar ative Exanple43 Conparative Exanpl e44 Conparative Exanpl e45 Conparative
Exanpl e46 [gmgpar ati ve Exanpl e47 Conparative Exanple48 Conparative Exanple49 C
om par atw qﬂEganpleSO Conpar ati ve Exanpl e51 Conparative Exanpl e52 Conparative

Exanple53 onpdrative Exanple54 Cbnparatlve Exanple55 Cbnparatlve Exanple56
Conpar at i CO . MOk ] 00 ) (1)
Bar Coal i gwmmw@matrﬁ1qﬂnlvvmn thDF h\GRa Mméﬁnﬁwnnm1mm qr Bal
. e type type type type tvpe | “tvpd Jamount| mass%] mass% migs% mass% | mass% | mass%
Coati ng Example T] Al | Bl | Cl | DI El F1 B - 10 | 58 | 050 | 008 | 0.06 | - 40
Example 2] Al Bl Cl Dl El F2 - - 10 5.89 0.50 0.08 | 0.06 - 4.0
Example 31 Al Bl Cl Dl El F2 - - 20 2.41 0.50 0.08 | 0.06 - 3.0
Example 41 Al Bl Cl Dl El F2 - - 20 241 0.50 0.08 | 0.06 - 4.0
Example 51 AL Bl Cl Dl El F2 - - 20 241 0.50 0.08 | 0.06 - 5.0
Example 6] Al Bl Cl Dl El F2 - - 20 2.41 0.50 0.08 | 0.06 - 6.0
Example 7 Al Bl 2 Dl El F2 - - 20 2.41 0.50 0.08 | 0.06 - 40
Example 8| Al Bl C3 Dl El F2 - - 20 2.41 0.50 0.08 | 0.06 - 4.0
Example 91 Al Bl Cl Dl El F2 - - 40 1.51 0.83 0.08 | 0.06 - 4.0
Example 10] Al B2 Cl Dl El F2 - - 40 1.51 0.83 0.08 | 0.06 - 4.0
Example 1] Al Bl Cl Dl E2 F2 - - 35 1.51 0.99 0.08 | 0.06 - 40
Example 2] Al Bl 2 Dl E2 F2 - - 30 151 1.49 0.08 | 0.06 - 4.0
Example 13 A2 B2 |CI+C2| D2 E2 F2 - - 45 1.51 0.50 0.08 | 0.06 - 40
Example 14 A2 B2 |CI+C2| D2 E2 F2 - - 45 1.51 0.50 0.08 | 0.06 - 40
Example 15 A2 B2 [Cl1+C2] D2 E2 F2 - - 45 1.51 0.50 0.08 | 0.06 - 4.0
Example 16 A2 B2 [Cl+C2| D2 E2 F2 - - 45 1.51 0.50 0.08 | 0.06 - 4.0
Example 17( A2 B2 |CI+C2| D2 E2 F2 - - 45 1.51 0.50 0.08 | 0.06 - 4.0
Example 18] Al Bl 2 Dl E2 F2 - - 40 1.66 0.50 0.08 | 0.06 - 40
Example 191 Al Bl 2 Dl E2 F2 - - 20 3.02 0.50 0.08 | 0.06 - 40
Example 20 Al Bl Cl Dl El F2 - - 15 4.52 0.50 0.08 | 0.06 - 4.0
Example 21 A2 Bl Cl Dl El F2 - - 15 4.52 0.50 0.08 | 0.06 - 4.0
Example 2l A2 Bl Cl Dl El F2 - - 45 1.51 0.53 0.08 | 0.07 - 4.0
Example 23 A2 B2 [Cl1+C2| D2 E2 F2 - - 45 1.51 0.50 0.08 | 0.06 - 4.0
Example 241 A2 Bl Cl Dl El F2 - - 30 1.51 0.25 0.04 | 0.03 - 4.0
Example 25| A2 B2 Cl Dl El F2 - - 25 1.51 0.17 0.03 | 0.02 - 40
Example 26| A2 B2 Cl Dl El F2 - - 45 1.51 0.50 0.10 | 0.06 - 40
Example 271 A2 B2 Cl D2 El F2 - - 45 151 0.50 0.10 | 0.06 - 4.0
Example 28 A2 B2 Cl__ D2+D3| El F2 - - 45 1.51 0.50 0.10 | 0.06 - 4.0
Example 29| A2 B2 Cl Dl El F2 - - 40 1.51 0.50 0.15 | 0.06 - 4.0
Example 30 A2 B2 3 Dl El F2 - - 40 1.51 0.50 023 | 0.06 - 40
Example 31| A2 B2 C3 Dl El Fl1 - - 45 1.51 0.50 0.08 | 0.09 - 4.0
Example 320 A2 B2 [ClI+C2] D2 E2 F2 - - 45 151 0.50 0.08 | 0.06 - 4.0
Example 33 A2 B2 C3 Dl E2 Fl1 - - 45 151 0.50 0.08 | 0.09 - 4.0
Example 34| Al Bl C3 D2 El F1 - - 45 1.51 0.50 008 | 0.13 - 4.0
Example 35| Al Bl 3 D2 El F1 - - 40 151 0.50 008 | 0.19 - 4.0
Example 36| Al Bl C3 D2 El F1 Gl | 13g 40 1.51 0.50 0.08 | 0.06 1.0 4.0
Example 37 Al Bl Cl D2 El F1 Gl | 68¢g 40 1.51 0.50 0.08 | 0.06 5.1 40
Example 38 Al Bl Cl D2 El Fl Gl | 76¢g 30 1.51 0.50 0.08 | 0.06 9.6 4.0
Comparative Example 39| Al Bl Cl D2 El F1 - - 5 12.03 | 0.50 0.08 0.06 - 4.0
Comparative Example 40| Al Bl Cl D2 El F1 - - 65 0.91 0.50 0.08 0.06 - 4.0
Comparative Example 41| Al Bl Cl D2 El F2 - - 48 1.51 0.12 0.08 0.06 - 4.0
Comparative Example 42| A2 Bl Cl D2 El F2 - - 27 1.51 1.9 0.08 0.06 - 4.0
Comparative Example 43| A2 Bl Cl D2 El F2 - - 70 0.38 0.50 0.08 0.06 - 4.0
Comparative Example 44| A2 B2 C3 D2 El F2 - - 13 6.03 0.50 0.08 0.06 - 4.0
Comparative Example 45| A2 B2 C3 D2 E2 Fl - - 50 1.51 1.99 0.30 0.25 - 4.0
Comparative Example 46| A2 B2 C3 D1 E2 F1 - - 22 1.51 0.12 0.02 0.02 - 4.0
Comparative Example 47| Al Bl C2 D1 El F2 - - 47 1.51 0.50 0.08 0.01 - 4.0
Comparative Example 48| Al Bl 2 D1 El F2 - - 38 1.51 0.50 0.08 0.25 - 4.0
Comparative Example 49| Al Bl 2 D1 El F2 - - 20 2.41 0.50 0.08 0.06 - 20
Comparative Example 50| Al Bl C2 D1 El F2 - - 20 2.41 0.50 0.08 0.06 - 7.0
Comparative Example 51| A2 B2 [Cl1+C2] D2 E2 F2 - - 45 151 0.50 0.08 | 0.06 - 4.0
Comparative Example 52| A2 B2 |C1+C2| D2 E2 F2 - - 45 1.51 0.50 0.08 0.06 - 4.0
Comparative Example 53 - Bl Cl D2 El F2 - - 0 - 0.50 0.08 0.06 - 4.0
Comparative Example 54| A2 - C3 D1 E2 F1 - - 6 12.03 | 0.00 0.08 0.06 - 4.0
Comparative Example 55| Al Bl - D1 E2 F2 - - 14 0.00 0.50 0.08 0.06 - 4.0
Comparative Example 56| Al Bl 2 - E2 F2 - - 6 12.03 - - - - 4.0
Comparative Example 57| Al Bl C2 D1 - F2 - - 5 12.03 | 0.50 0.00 0.06 - 4.0
Comparative Example 58] Al Bl 2 Dl E2 - - - 5 12.03 | 0.50 0.08 | 0.00 - 4.0

*1: Mixing ratio (mass ratio) of silane coupling agent C1:C2=1:1
*2: Mixing ratio (mass ratio) of chelating agent D2:D3=1:1
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500 140 (i) Bar Coating 500 14k) (0O Bar Coating 500 140 (i) Bar Coating 500
140 (O (i) Bar Coating Bar Coating 500 500 140 140 (i) Bar Coat it 500 140
(i) Bar Coating 500 140 (i) Bar Coating 200 14k) (i) Bar Coating 300 140

(I') Bar Coaline 500 14k) (i) (1) Bar Coating Bar Coatinu 800 1000 140 14k)
(i) Bar Coating 500 140 (i) Bar Coating 500 140 (i) Bar Coating 500 140

[0059] Hereinafter, the compounds used in Table 1 will be described.

[0060] <Resin Emulsion (A) formed of cationic urethane resin emulsion (A-1) and/or
non-ionic acrylic resin emulsion (A-2)>

Al: styrene-ethylmethacrylate-n-butylacrylate- acrylic acid copolymer (non-ionic acrylic
resin emulsion (A-2))

A2: “ADEKA BONTIGHTER HUX-670" (cationic acrylic resin emulsion (A-1))

[0061] <Tetraalkoxysilane (B)>

B1: tetraethoxysilane

B2: tetramethoxysilane

[0062] <Silane Coupling Agent (C)>

Cl: y-glycidyl triethoxysilane

C2: (3-mercaptopropyl)trimethoxysilane

C3: N-(2-aminoethyl)-3-aminopropyltrimethoxysilane

[0063] <Chelating agent (D)>

D1: 1-hydroxymethane-1, 1-diphosphonic acid

D2: acetic acid

D3: phosphoric acid

[0064] <Vanadate compound (E)>

E1: ammonium metavanadate

E2: vanadyl acetylacetonate (V: 19.2%)

[0065]

<Metal Compound (F)>

F1: ammonium hexafluorotitanate

F2: titanium acetylacetonate (Ti: 12.5%)

[0066]

<Lubricant (G)>

G1: polyethylene wax (“CHEMIPEARL ® 900 manufactured by Mitsui Chemicals Inc.)
[0067] (4) Treatment method

The above-mentioned surface-treatment liquid for a zinc or zinc alloy coated steel sheet was
applied by bar coating to each test piece. Each test piece was then dried, without being
washed with water, in an oven at a drying temperature shown in Table 2, so that a
surface-treatment coating film with a coating amount shown in Table 2 was formed thereon.
The drying temperature was adjusted in accordance with the ambient temperature in the
oven and the time during which the test piece stayed in the oven. In the present Examples
and Comparative Examples, the drying temperature corresponds to the peak metal
temperature at a surface of each test sheet. The bar coating was specifically performed as
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(i) Bar Coating 500 140 (I) Bar Coating 500 14k) (ii) Bar Coating 500 140
(1) Bar Coniin 500 140 (i) Bar Coating 500 140 (I) BarCoatin 500 140 (i)
Bar Coating 500 140 (i) Bar Coating 500 140 (i) Bar Coating 500 140 (i) Bar
Coating 500 140 (i) Bar Coating 500 140 (iii) Bar Coating 500 140 (I) Bar
Coating 500 140 (i) Bar Coating 500 140 (1) Bar Coating 500 140 (i)

follows.

[0068] Bar coating: The surface-treatment liquid was applied dropwise to each test piece
and coated thereon using a #3- #5 bar coater. The # number of the bar coater for use and the
concentration of the surface-treatment liquid were adjusted so as to attain a desired coating
amount.

[0069]

[Table 2]
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Bar Coating 500 140 (i) Bar Coating 500 140 (i) Bar Coating 500 140 (i) Bar
Coating 500 140 (0 Bar Coating 500 140 (i) Bar Coating 500 140 (i) Bar
Coating 500 140 (i) Bar Coating 500 140 (i) Bar Coating 500 140 (1)
Bar Coating 500 140 (0O Bar Coating 500 140 (0 Bar Coating 500 140 (i)
Bar Coating 500 140 (O Bar Coating

[Table 2]
Sample Treatment Method

Evaluation Criterion Sheet Coating Method | Coating Amount Drying Temperature

type type mg/m’ °C
Example 1 (i) Bar Coating 500 140
Example 2 (1) Bar Coating 500 140
Example 3 (1) Bar Coating 500 140
Example 4 (i) Bar Coating 500 140
Example 5 (1) Bar Coating 500 140
Example 6 (i) Bar Coating 500 140
Example 7 (i) Bar Coating 500 140
Example 8 (i) Bar Coating 500 140
Example 9 (i) Bar Coating 500 140
Example 10 (i) Bar Coating 500 140
Example 11 (i) Bar Coating 500 140
Example 12 (i) Bar Coating 500 140
Example 13 (i) Bar Coating 200 140
Example 14 (i) Bar Coating 300 140
Example 15 (i) Bar Coating 500 140
Example 16 (i) Bar Coating 800 140
Example 17 (i) Bar Coating 1000 140
Example 18 (i) Bar Coating 500 140
Example 19 (i) Bar Coating 500 140
Example 20 (i) Bar Coating 500 140
Example 21 (i) Bar Coating 500 140
Example 22 (i) Bar Coating 500 140
Example 23 (i) Bar Coating 500 140
Example 24 (i) Bar Coating 500 140
Example 25 (i) Bar Coating 500 140
Example 26 (i) Bar Coating 500 140
Example 27 (i) Bar Coating 500 140
Example 28 (i) Bar Coating 500 140
Example 29 (i) Bar Coating 500 140
Example 30 (i) Bar Coating 500 140
Example 31 (i) Bar Coating 500 140
Example 32 (iii) Bar Coating 500 140
Example 33 (i) Bar Coating 500 140
Example 34 (i) Bar Coating 500 140
Example 35 (i) Bar Coating 500 140
Example 36 (i) Bar Coating 500 140
Example 37 (i) Bar Coating 500 140
Example 38 (i) Bar Coating 500 140
Comparative Example 39 (i) Bar Coating 500 140
Comparative Example 40 (i) Bar Coating 500 140
Comparative Example 41 (i) Bar Coating 500 140
Comparative Example 42 (i) Bar Coating 500 140
Comparative Example 43 (1) Bar Coating 500 140
Comparative Example 44 (i) Bar Coating 500 140
Comparative Example 45 - - - -
Comparative Example 46 (i) Bar Coating 500 140
Comparative Example 47 (i) Bar Coating 500 140
Comparative Example 48 - - - -
Comparative Example 49 (1) Bar Coating 500 140
Comparative Example 50 (1) Bar Coating 500 140
Comparative Example 51 (i) Bar Coating 50 140
Comparative Example 52 (i) Bar Coating 1500 140
Comparative Example 53 (i) Bar Coating 500 140
Comparative Example 54 (i) Bar Coating 500 140
Comparative Example 55 (i) Bar Coating 500 140
Comparative Example 56 (i) Bar Coating 500 140
Comparative Example 57 (i) Bar Coating 500 140
Comparative Example 58 (i) Bar Coating 500 140
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50 140 (i) Bar Coating 15(E) 140 (i) Bar Coating 500 140 (0O Bar Coating 500
140 (i) Bar Coating 500 140 (O Bar Coating 500 140 (i) Bar Coating 500 140
(0 Bar Coating 500 140 100701 (5) Evaluation method (5-1) Eval uation of
corrosion resistance A sanple piece having size of 70 mx150 mm was cut out
fromeach test piece on which two |ayers of coating fihns had been forned as
descri bed above. The rear surface and the edges of each sanple piece thus cut
out were se by vinyl tapes and the sanple piece was subjected to a salt
spray test according to J1S-Z-2371-2000. To eval uate corrosion
resi st ance, (9 Evhlugtenmegiodarea rati o 144 hours after the salt spray test was

visual Iy measyy @glugﬁgn&@&h)@gmglsgn&l ece and the ratio was eval uated according
tothefollovvlmgﬁcrlt rla EV?‘}IQHB Criteria: cellent: The white rust area

ratio was | esEMPIAIFCSBAVINESE]O (R P Ut gt n}eé‘t"?‘(‘i“\}&%e%‘b)’v%‘F more and
| ess than 208 laiosleicattmg filthehadihdngomed tas dasgded altove ThasaP@¥a@randithee and | ess

ECZP ug.? :VOO . Pg?geg ofTéﬁgl éwiljatﬁ%lécy s f:ft 6@ Wil §e51e<¥‘@ysv1ﬁl}q Yaper anmﬂfe%am%g %Z%e]r CI( 2 | Izg/
avai | abl e nd%aM %8“’“@ ﬁg‘i‘yn St@ﬁﬁé‘%i‘”@ Igr}e%gﬁegéﬂw;?é Afalsce having t he

sane size asom¢$®nm¢$etad@$azwhh@tdstatﬁawzel,o 1441bdurs dfimt the gditspiag testhiaskisedly on t he

sanpl e pi ece,adtRrmoRaki §ﬁﬁhpfe%fec@%d%é%@@as%alﬁé}%cmngg iR BowiRer eaf ter, the
sanpl e piece was inmersed in boiling water for 2 hours and then a surface of
the sanple (&% was cut by a cutter in a lattice pattern such that cutting
reached t he Hvals®iosCeigriaand eventual |y forned one hundred | mmXx | nm squares

at the sarrpIEece%ﬁceheane%eareaTg@O@gsrn;glsglapg%ce was extruded by 5 mmusintz. an
Eri chsen ext gﬁ% he cut [ion of the tinaé\rgﬂr/e pi ece facintz. outside
00 &

(front sidel el‘é’#ft%Wété‘FFaé%{or |56°n°r86’ﬁeoq“f”eﬁﬁ set according to
HS- Z- 2247- 2006lefater Tiechsleta rusadrereratid s, 2006 erimarhiandpgesnthlan d0%anmet er: 20 mm the die

di anet er: Z}Omhmqtetr&ea@é{ﬁ%@gsWﬁ&hnorg? mm After the Erichsen extrusion,

t he sanpl e ect to.tape peeli test for analyzing a renaining
state of thiﬁﬂgg]atm]af’#?gﬁﬁo‘f‘ BﬁBQ/%aﬂ%ﬁlg"Re&t?S%E‘%ioﬁé’rﬂ?%‘ﬁﬁrt| es (adhesion
properties) Comntchuallfyialarabld melagvelalkatl pant veasiap@ied & caclesamplefpacd ving theval uat i on

Criteria: ExGRliRnt iheMRe &%&lb‘e&'&bo% s&%%a%@oaﬁﬁgﬁlc?@és{'& heSs &ne*’[ﬁé}eéﬁ/ 4 Good: Peel ed
10 Moder at e: Peel ed

area being 5%.to.10% |ncI ve of xcl usi ve aqf

area being Py¥pEi" eﬁeﬁeﬁﬁé fvgsdf w?oﬁaea% CreRE PAPNISRICE VDIt :  Peel ed
area of 20%boitingrwater fHODMR]s 8 #8) a Bwtikwiatthaoampk peondasastit by 4 gttGun face _
resistivity la\f{?c% pHRASHEL R Gl c%mg?éa&eﬁﬁhetb% sé@l%ﬁ:ev Blﬂ%ﬁ%d%ﬂ%rﬁre@' ece by using

Lor est a- GP/ robe manuf @C urpf B em cal AE%FI‘%“ ec Co., Ltd.
Speci fical m“éﬁ#@@é&“*’t“‘éﬁ t A eypl%ﬁéurff’é F?@P&P@F@Vﬁ&%@ YdPBasi ng | oad
exerted on tkieg &#SRichsehkxirwier eitetht sut pbrtibiDofghasachpigicet facing ngsidd@ont ni num | oad at

whi oh the sUitReR: fEALALLHIN MRRIGROHEL & Qe BB TRIISEL 1 254%@ (dey G teria for

eval uating conductiy e} ar

measur ement $2Poilkk ¥t @elp%%ﬁg diagier 38y t @%‘g'a‘ﬂ?}@r g‘@ml aVTOg rreasur enent s
poi nts is 36Gdty 27enb.00teg the IEnChstis ext@sion, tlié@ﬁtgplaprdceexaslsutgecwel tofapSBLg Moder at e:
Aver age |0agespifo¥ Qng%/%g? Wnﬁ%%s%até)&*ﬂ{étc%aﬂn ﬁﬁ{?%& ltu&e ?%Qozgmghg)geﬂt@é ve of 500 g

and excl usive yr poor er age surenents points

is 750 g to (@BeioR Nens Fﬂé’ﬁ}’eﬁ!ﬁ ﬁseva&aawacr@seat?swéow 950 g) Poor: Average

| oad of 10 iealsaioeeRiis: points is 950 g or nore. [0073] (5-4) Evaluation of

Storage Sta nt |iquids having the conponent
‘%&tég\% Lﬁﬁﬁé% @%T ortp?tgedsdééa_ltﬁ@g'lésg fat 59

conposition s 1 X were stored in a thernostat chamber
of 40C for SEoddyeledier ReHign”t Hd Vg peiisnie otderdusiisof A%l t reat ment 1 qui d was

vi sual | y i ndpeletaedPdetet aew atinat(%6w.20Bx@eluksieadt 10Moand kangd eGod®s) Very smal |

anount of pg,g&ipéeiegta}eggfy@s qu?s{grved Moderate: Small anmount of precipitation
was observed or viscosit i i ncreased. Poor: Large anmpunt of

precipi tati W78k @ %@V%&'ﬁt'@%‘)mgd%é@@r ved. [0074] The zinc or zinc alloy coated
st eel sheet sSughkasizedtybyasappuyddig eadheofsicrabaeandntiedt v@anijle picgbydsingf Exanpl es
and Conpar ati,y @@éﬁj t y; .goated | ayers and
heat i ng andtL ry| ng t e&?:boee{]?ael é%%?ggle@&ubﬁggggheegﬁ?a\%/ép t@émg(?eugubj ected to the

af orenenti oned eval uations (5-1) to (5-4). The results are shown in Table 3.
Regar di ng Conparative Exanples 45 and 48, the surface-treatnent |iquids

thereof were too unstable to forma film whereby it was inpossible to perform
the evaluations. [Table 3] [Table 3] Evaluation Criterion Evaluation Result
Corrosi on Resistince Adhesion properties



Conductivity Storage Stability Exanplel. Exanpl e2 Exanpl e3 Exanpl e4 Exanpl e5
Exanpl e6 Exanpl e7 Exanpl e8 Exanpl e9 Exanpl el0 Exanpl ell Exanpl el2 Exanpl el3
Exanpl el4 Exanpl el5 Exanpl el6 Exanpl el7 Exanpl el8 Exanpl el9 Exanpl €20

Exanpl e21 Exanpl e22 Exanpl e23 Exanpl e24 Exanpl e25 Exanpl e26 Exanpl e27

Exanpl e28 Exanpl e29 Exanpl e30 Exanpl e31 Exanpl e32 Exanpl e33 Exanpl e34

Exanpl e35 Exanpl e36 Exanpl e37 Exanpl e38 Conparati ve Exanpl e39 Conparative

Ex | e40 i Ex |l e4l Co i Ex | e42 ti Ex | e43
Compar at | ve ERAFale A EbHAFA 1 7a DA O AN PR A BRadl Bap
Conpar at i ve EBRavitplisacme@o wp 2t @tridvigtexiaimp e 48ni@um lpaiat &higk thesenfast e49 Conpar at i ve

Exanpl e50 Cognaligtiaeqxampbiaab: GAMAT @A Eia BriRlfne cSRIRRRLL YE Exanpl e53
Conparative anpl e54 Corn pant & ve Exanpl e55 Conparative Exanpl e56 Corn pant &

ve ExaaneS?’ fpar ati ve Exanpl e58 Excel | ent Excel | ent Excel | ent Excel |ent
Excel | ent BEtoelllksntvdbeeddat ent0 isesebméngsptointEx toed thani00Excel | ent Good Excel | ent

Excel l ent  Good: Average load of 10 measurements points is 300 g to 500 g (inclusive of 300g and
exclusive of 500g)
Moderate: Average load of 10 measurements points is 500 g to 750 g (inclusive of 500 g
and exclusive of 750 g)
Slightly poor: Average load of 10 measurements points is 750 g to 950 g (inclusive of 750 g
and exclusive of 950 g)
Poor: Average load of 10 measurements points is 950 g or more.
[0073] (5-4) Evaluation of Storage Stability
Each of the surface-treatment liquids having the component composition shown in Table 1
and Table 2 were stored in a thermostat chamber of 40°C for 30 days and then the
appearance of the surface-treatment liquid was visually inspected for evaluation.
Excellent: No change
Good: Very small amount of precipitation was observed.
Moderate: Small amount of precipitation was observed or viscosity slightly increased.
Poor: Large amount of precipitation or a gelation was observed.
[0074] The zinc or zinc alloy coated steel sheets obtained by applying the surface-
treatment liquids of Examples and Comparative Examples to surfaces of zinc or zinc alloy
coated layers and heating and drying the coated surfaces, respectively, were subjected to the
aforementioned evaluations (5-1) to (5-4). The results are shown in Table 3.
Regarding Comparative Examples 45 and 48, the surface-treatment liquids thereof were too
unstable to form a film, whereby it was impossible to perform the evaluations.
[Table 3]
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Excel | ent Excel | ent Excel | ent
Excel | ent Good Excel |l ent Excel
Excel | ent Excel | ent Excel | ent Excel
Excel | ent Excel |l ent Excel | ent Excel
Good Excel l ent Excel | ent Excel | ent
Excel | ent Excel | ent Excel |l ent Excel

| ent

Excel | ent
| ent

Excel |ent
Excel |ent
Excel | ent

| ent

| ent

| ent

| ent

Excel | ent Excel | ent Excel | ent Excel
Excel | ent Excel | ent Excel |l ent Excel | ent

Excel | ent Excel |l ent Excel | ent Excel
Excel | ent Excel | ent Excel | ent
Good Excel |l ent Excel | ent Excel
Excel | ent Excel | ent Excel | ent

| ent

Excel | ent Excel |l ent (Mod

Excel | ent Excel |l ent Excel |l ent Excel |ent

Eb}g‘gl\l Laoant Eveall Ant Eveanll Ant Evenl Laoant | VWY

LACCTT T CTTU LACET T CTTU I_I\Evgdadoﬁelslult LACTT LEIAYA LY LACT
Evaluation Criterion Ifzgstsafge Adhesion properties| Conductivity gtglg?ﬁfy
%xample 1 Excellent Excellent Excellent Excellent
Example 2 Excellent Excellent Excellent Excellent
Example 3 Excellent Excellent Good Excellent
Example 4 Excellent Excellent Excellent Excellent
Example 5 Excellent Excellent Excellent Excellent
Example 6 Excellent Good Excellent Excellent
Example 7 Excellent Excellent Excellent Excellent
Example 8 Excellent Excellent Excellent Excellent
Example 9 Excellent Excellent Excellent Excellent
Example 10 Excellent Excellent Excellent Excellent
Example 11 Excellent Excellent Excellent Excellent
Example 12 Good Excellent Excellent Excellent
Example 13 Good Excellent Excellent Excellent
Example 14 Excellent Excellent Excellent Excellent
Example 15 Excellent Excellent Excellent Excellent
Example 16 Excellent Excellent Excellent Excellent
Example 17 Excellent Excellent Good Excellent
Example 18 Excellent Excellent Excellent Excellent
Example 19 Excellent Excellent Excellent Excellent
Example 20 Excellent Excellent Excellent Excellent
Example 21 Excellent Excellent Excellent Excellent
Example 22 Excellent Excellent Excellent Good
Example 23 Excellent Excellent Excellent Excellent
Example 24 Excellent Excellent Excellent Excellent
Example 25 Good Excellent Excellent Excellent
Example 26 Good Excellent Excellent Excellent
Example 27 Excellent Excellent Excellent Excellent
Example 28 Excellent Excellent Good Excellent
Example 29 Excellent Excellent Excellent Excellent
Example 30 Excellent Excellent Excellent Good
Example 31 Excellent Excellent Excellent Excellent
Example 32 Good Excellent Excellent Excellent
Example 33 Excellent Excellent Excellent Excellent
Example 34 Excellent Excellent Excellent Excellent
Example 35 Excellent Excellent Excellent Good
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Comparative Example 44 Good Poor Slightly poor Moderate
Comparative Example 45 - - - -
Comparative Example 46 Poor Good Excellent Moderate
Comparative Example 47 Poor Good Excellent Moderate
Comparative Example 48 - - - -
Comparative Example 49 Good Good Poor Poor
Comparative Example 50 Good Poor Excellent Moderate
Comparative Example 51 Poor Good Excellent Excellent
Comparative Example 52 Excellent Good Poor Excellent
Comparative Example 53 Poor Poor Good Excel lent
Comparative Example 54 Poor Poor Poor Excellent
Comparative Example 55 Poor Poor Poor Excellent
Comparative Example 56 Poor Poor Poor Poor
Comparative Example 57 Poor Poor Poor Excel lent
Comparative Example 58 Poor Poor Poor Excel lent
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the production method of the present invention is excellent in corrosion resistance and
adhesion properties and exhibits good conductivity when the steel sheet is in contact with a
gasket or the like under relatively low contact pressure. In contrast, Comparative Examples,
each of which fails to satisfy at least one of the appropriate ranges of the requirements of the
present invention, exhibit poor results in at least one of corrosion resistance, adhesion
properties, conductivity and storage stability.
Industrial applicability
[0076] According to the present invention, it is possible to provide a zinc or zinc alloy
coated steel sheet which contains no pollutant substance to be controlled such as hexavalent
chromium in a coating film, is excellent in various properties including corrosion resistance
and adhesion properties and, in particular, exhibits good conductivity without sacrificing
corrosion resistance under a challenged condition that the steel sheet is in contact with a
gasket or the like at relatively low contact pressure. The zinc or zinc alloy coated steel sheet
manufactured by the production method of the present invention is therefore extremely
useful as members of automobiles, home electric appliances, and office automation (OA)
equipment.
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Claims

1. A method for manufacturing a zinc or zinc alloy coated steel sheet, comprising:

preparing a surface-treatment liquid for a zinc or zinc alloy coated steel sheet,
containing following components, by blending the components such that solid mass
contents calculated from respective masses of the components satisfy conditions (I) to (V)
below at pH in the range of 3 to 6, the components including: (A) a resin emulsion formed
of (A-1) a cationic urethane resin emulsion having at least one type of cationic functional
group selected from the group consisting of primary to tertiary amino groups and
quaternary ammonium group and/or (A-2) a non-ionic acrylic resin emulsion; (B) a
tetraalkoxysilane; (C) at least one type of silane coupling agent having at least one type of
reactive functional group selected from the group consisting of an active
hydrogen-containing amino group, epoxy group, mercapto group, and methacryloxy group;
(D) a chelating agent; (E) a vanadate compound; (F) a titanium compound; and water; and

applying by coating the surface-treatment liquid to a surface of a zinc or zinc alloy
coated steel sheet, heating and drying the surface of the zinc or zinc alloy coated steel sheet
such that a coating amount per one surface is in the range of 200 to 1,000 mg/m’ to form a
surface treatment coating film on the surface,

wherein the conditions (I ) to (V) are as follows:
(I) solid content (As) of the resin emulsion (A) with respect to the total solid

content of the surface-treatment liquid is 10 to 45mass%o;

(IT) solid mass ratio (Cs/As) of solid content (Cs) of the silane coupling agent (C)
with respect to solid content (Ag) of the resin emulsion (A) is 1.51 to 5.89;

(TIT) solid mass ratio (Bs/Ds) of solid content (Bs) of the tetraalkoxysilane (B) with
respect to solid content (Ds) of the chelating agent (D) is 0.15 to 1.49;

(IV) solid mass ratio (E,/Ds) of content (E,) of the vanadate compound (E) in
terms of V with respect to solid content (Ds) of the chelating agent (D) is 0.03 to 0.23; and

(V) solid mass ratio (F1/Ds) of content (Fr) of the titanium compound (F) in terms
of Ti with respect to solid content (Ds) of the chelating agent (D) is 0.02 to 0.19.

2. A method for manufacturing a zinc or zinc alloy coated steel sheet, comprising:
preparing a surface-treatment liquid for a zinc or zinc alloy coated steel sheet,
containing following components, by blending the components such that solid mass
contents calculated from respective masses of the components satisfy conditions (I) to (V)
below at pH in the range of 3 to 6, the components including: (A) a resin emulsion formed
of (A-1) a cationic urethane resin emulsion having at least one type of cationic functional
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[ 0075] As shown in Table 3, each of the zinc or zinc alloy coated steel sheets
obtai ned by the production nethod of the present invention is excellent in
corrosion resistance and adhesi on properties and exhibits good conductivity
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