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DESCRIPTION

[Title of Invention] GALVANIZED STEEL SHEET
[Technical Field]
[C001]

The present invention relates to an environmentally
friendly galvanized steel sheet that is used for automobiles,
household electrical appliances, building materials, and the
like and that is surface-treated such that a surface-
treatment film formed on a surface of the galvanized steel
sheet is completely free from regulated substances causing
pollution such as hexavalent chromium; in particular, to a
galvanized steel sheet that is suitable for applications |
relating to electric and electronic devices and the like in
which electromagnetic interference (EMI) needs to be
suppressed, that has excellent electromagnetic shielding
cha;acteristics, and that alsoc has excellent corrosion
resistance.

[Background Art]
[0002]

With recent trends toward digitization of household
electrical appliances, an increase in the speed of CPUs, and
the like, issues relating to hazard of electromagnetic
radiation to devices and human bodies around such appliances

and CPUs have been attracting attention. To address the


IP-TEMP
Rectangle


10

15

20

25

Our Ref.2008S502035
-2 -

issues, "The Voluntary Control Council for Interference by
Information Technology Equipment (VCCI)" was established in
Japan. To comply with the rules of VCCI, there has been an
increasingly strong trend in the industry toward voluntary
control in terms of the issues relating to hazard of
electromagnetic radiation. To address electromagnetic noise
from electronic boards and the like within electric and
electronic devices, for example, there is a technigue of
surrounding the electronic boards and the like with shield
boxes composed of metal (electrically conductive) materials
to achieve electromagnetic shielding.

[0C003]

In such a shield box, the electrically conductive
material forming the shield box reflects electromagnetic-
waves to thereby achieve electromagnetic shielding. The
higher the electrical conductivity of a material forming a
shield box, the higher the electromagnetic wave reflectivity
becomes and the better the electromagnetic shielding

property becomes. Accordingly, to ensure the

‘electromagnetic shielding property of a shield box, it is

important that metal plates forming the shield box have high
electrical conductivity.
[0004]

Such a shield box is produced by forming metal plates

into the shape and hence has discontinuous portions (joints
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and joining porticons). Leakage or entry of electromagnetic
waves tends to occur through such discontinuous portions.
Accordingly, to suppress leakage and entry of
electromagnetic waves, electrically conductive gaskets are
generally inserted in the discontinuous portions of shield
boxes. '
[0005]

To enhance the shielding property of a shield box, the
shield box needs to have a structure in which desired
current can be passed through the entirety of the shield box.
However, such portions where metal members and gaskets are
in contact with each other generally have a low contact
pressure and hence have poor electrical continuity
{hereafter, simply referred to as "continuity") between the
metal members and gaskets. Thus, the amount of current
passing through the contact portions tends to become small.
Accordingly, to further enhance the performance of a shield
box, it is important te ensure electrical conductivity of
metal plates forming the shield box and to ensure continunity
betwgen the metal plates and gaskets.

[CO06]

Since electric and electronic devices are used in
various environments, materials forming shield boxes are
required not to corrode in usage in severe environments,

that is, to have excellent corrosion resistance. Steél
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sheets obtained by subjecting surfaces of galvanized steel
sheets to a chromate treatment with a treatment solution

mainly containing chromic acid, dichromic acid, or a salt of
f"‘\

the foregoing for the purpose of enhancing corrosion

resistance (white-rust resistance and red-rust resistance)
are widely used as steel sheets for household electrical
appliances, steel sheets for building materials, and steel
sheets for automobiles.

[0007]

As described above, metazl members (steel sheets)
forming shield boxes need to have high electrical
conductivity and to allow for continuity between the metal
members and gaskets. Although films formed on surfaces of
steel sheets by a chromate treatment have lower electrical
conductivity than the base steel sheets, films formed by a
chromate treatment can exhibit rust resistance even when the
films have a small thickness. Accordingly, in surface-
treated steel sheets subjected to a chromate treatment, by
forming films having low electrical conductivity sc as to
have a minimum thickness, electrical conductivity equivalent
to that of steel sheets (not surface-treated) is achieved.
As a result, continuity between the sheets and the gaskets
can be sufficiently ensured and hence both rust resistance
and electromagnetic shielding can be achieved. However, due

to recent global environmental issues, there is an
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increasing demand for employment of pollution-free surface-
treated steel sheets provided without using a chromate.
treatment, that is, chromium-free treated steel sheets.
[0008]

A large nﬁmber of techniques relating to chromium-free
treated steel sheets have been developed: for example,
techniques of using the passivation effect of molybdic acid
and tungstic acid belonging to group IVA as with chromic
acid; technigues of using metal salts of transition metals
such as Ti, Zr, V, Mn, Ni and Co and rare-earth elements
such as La and Ce; technigues based on chelating agents such
as polvhydric phenolcarboxylic acid such as tannic acid and
S- or N-containing compounds; techniques of forming
polysiloxane films with silane coupling agents; and
techniques in combination of the foregoing.

[0008]

Specific examples are as follows:

{1) a technigue of forming a f£ilm with a treatment solution
containing a coating agent §btained by reaction between an
organic resin such as a polyvinylphenol derivative, an acid
component, and an epoxy compound, a silane coupling agent, a
vanadium compound, and the like (for example, Patent
Literatures 1, 2, 3, and 4),

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

resin, a thiocarbonyl group, a wvanadate compound, and
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phosphoric acid (for example, Patent Literature 5),
(3) a technique of forming a film with a treatment solution
centaining a compound of a metal such as Ti, an inorganic acid
such as a fluoride or a phosphate compound, and an
organic acid (Patent Literatures 6, 7, 8, 9, 10, 11, and 12},
{4) a technique in which a composite film containing a rare
earth element such as Ce, La, or Y and the Ti or Zr element, a
layer having a high oxide content is formed in a region of the
film closer to the interface between the film and the coated
layer, and a layer having a high hydroxide content is formed
in a region of the film closer to the front surface (Patent
Literature 13); and a technique of forming a composite film
composed of Ce and a Si oxide (Patent Literature 14),
(5) a technique of forming an organic composite coating
constituted by a lower layer that is a phosphoric acid and/or
phosphate compound film containing an oxide and an upper layer
that i1s a resin film {for example, Patent Literatures 15 and
16),
(6) a technique 0f forming a composite film composed of a
specific inhibitor component and a silica/zirconium compound
(for example, Patent Literature 17},
(7) Japanese Patent 2007-177314 which involves a technigue of
forming a f£ilm composed of silica sol binder including a
silane coupling agent and an alkoxysilane oligomer; phosphate
ions; fluoride ions; and a metallic compound including at
least one kind of metal selected from the group consisting of
v, Ti, Zr, Zn, Mn, Mg, Al, Co, Ni, Mo, W and Ce,
{8) European Patent 1205580 Al which involves a technique in
which a new processed steel sheet comprises a steel base
coated with a Zn or its alloy plating layer and a converted
layer, which contains both of at least an insoluble or
scarcely-socluble metal compound and at least a soluble metal

compound. The insoluble or scarcely-soluble compound may be
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one ore more of valve metal oxides or hydroxides, and the
soluble compound may be one or more of valve metal fluorides.
The converted layer may be also composed of one ore more of
complex compounds of Mn and Ti,
(9) Japanese Patent 2008-274388 which involves a technique of
forming a film where the surface treatment agent is used for
surface treatment to a galvanized steel sheet. The surface
treatment agent comprises: a water soluble polyvalent metal
phosphate compound; at least either hexafluorotitanic acid or
hexafluorotitanate; a vanadium compound; and a chelating
agent, and
(10) Japanese Patent 2006-022370 which involves a technique in
which the surface-treated steel sheet has (I) a highly
corrosion-resistant underlayer film with & dry film thickness
of 0.01 to 1 [mulm, and (II) a fingerprint-resistant film with
a drying film thickness of 0.2 to 3 [mulm, sequentially formed
on a metallic steel sheet, wherein the highly corrosion-
resistant underlayer film (I) is formed from the surface-
treating composition for the underlayer film comprising; (A)
titanium obtained by mixing at least one titanium compound
selected from the group consisting of a hydrolyzable titanium
compound, a low condensation preoduct of the hydrolyzable
titanium compound, titanium hydroxide and a low condensation
product of titanium hydroxide, with hydrogen percxide water;
(B} an organic phosphate compound; (C) a water-scluble or
water-dispersible organic resin; (D) a metavanadate; (E)
zirconium fluoride; and (F) zirconium carbonate
[0010]

The films formed by these techniques are intended to

suppress generation of white rust of zinc by composite
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addition of organic components or inorganic components. for
example, in the techniques (1) and (2), corrosion resistance
is ensured by mainly adding organic resins. However, in a
film containing such organic resins, the organic resins have
an insulating property. Accordingly, a steel sheet having
such a film deoes not have sufficient electrical conductivity
and hence is not suitable as the material of a shield box.
[0011]

The techniques (3) and (4) provide films that are
completely free from organic components and are composed of
inorganic components only. However, such a composite £ilm
composed of a metal oxide and a metal hydroxide ﬁeeds to
have a large thickness to impart sufficient corresion
resistance to a galvanized steel sheet. In addition, a
surface of a'galvanized.steel sheet is covered with a non-
conductive film (insulating film) composed of zinc phosphate
or the like. Accordingly, as in the techniques (1) and (2),
high electrical conductivity is less likely to be achieved
and it is difficult to achieve both corrosion resistance and
electrical conductivity.

[0012]

In the technique (5), since the electrical conductivity
of a surface of a surface-treated steel sheet depends on the
thickness of an insulating f£ilm formed on the surface, the

insulating film is formed so as to have a small thickness to
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thereby achieve good electrical conductivity. However, a
decrease in the film thickness results in degradation of
corrosion resistance of the steel sheet. Accordingly, if is
difficult ﬁo provide a surface-treated steel sheet that is
excellent in terms of both corrosion resistance and
electrical conductivity.

[0013]

The technique (6) provides excellent corrosion
resistance by using the passivation effect of a vanadate
compound sexving as an inhibitor component and a sparingly
soluble metél salt from a phosphate compound serving as an
inhibitor component, and by forming a composite f£ilm
containing a zirconium compound, silica fine particles, and
a silane coupling agent that form the skeleton of the film.
However, to ensure electrical conductivity, the film
thickness needs to be small. Accordingly, it is difficult
to achieve both corrosion resistance and electrical
conductivity.

[0014]

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

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

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

PTL 2: Japanese Unexamined Patent Application
Publication No. 2001-181860

PTL 3: Japanese Unexamined Patent Application
Publication No. 2004-263252

PTL 4: Japanese Unexamined Patent Application
Publication No. 2003-155452

PTL 5: Japanese Patent No. 3549455

PTL 6: Japanese Patent No. 3302677

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

PTL 8: Japanese Unexamined Patent Application
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Publication No. 2004-183015

PTI. 9: Japanese Unexamined Patent Application
Publication No. 2003-171778

PTL 10: Japanese Unexamined Patent Application
Publication No. 2001-271175

PTL 1l: Japanese Unexamined Patent Application
Publication No. 2006-213558

PTL 12: Japanese Unexamined Patent Application
Publication No. 2005-48199

PTL 13: Japanese Unexamined Patent Application
Publicaticn No. 2001-234358

PTL 14: Japanese Patent No. 3596665

PTL 15: Japanese Unexamined Patent Application
Publication No. 2002-539%80

PTL 16: Japanese Unexamined -Patent Application
Publication Wo. 2002-53979

PTL 17: Japanese Unexamined Patent Application
Publication No, 2008-169470
[Summary of Invention]
[Technical Problem]
[o0l6]

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

the above-described problems, being completely free from
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regulated substances causing pollution such as hexavalent
chromium, having various properties such as corrosion
resistance and adhesion, and allowing for excellent
continuity without degrading corxrosion resistance even under
a severe condition in which the stéel sheet 1s in contact
with a gasket or the like at a low contact pressure.
[Solution to Problem]

[0017]

The inventors of the present invention have performed
thorough studies on how to overcome the problems. As a
result, the inventors have found that the problems can be
overcome by using an alkaline surface-treatment agent
containing a watex-soluble zirconium compound, a
tetraalkoxysilane, an epoxy-group-containing compound, a
chelating agent, a vanadate compound, a metal compound.
Thus, the present invention has been accomplished.

[oo18]

Specifically, the present invention provides the
following (1) to (5).

(1) B8 galvanized steel sheet including a surface-treatment
£ilm having a coating weight of 50 €o 1200 mg/m? relative to
a surface of the galvanized steel sheef, wherein the
surface—~treatment film is obtained by applying a surface-
treatment agent to the surface of the galvanized steel sheet

and drying the surface-treatment agent by heating; and the


IP-TEMP
Rectangle


10

15

20

25

Cur Ref.2009502035
- 12 -

surface-treatment agent is prepared so as to contain a’

water-soluble zirconium compound (A), a tetraalkoxysilane

(B), an epoxy-group-containing compound (C), a chelating
agent (D); a vanadate compound (E)}, and a metal compound (F)
containing one or more metals selected from the group
consisting of Ti, Al, and Z2n, to have a pH of 8 to 10, and
to satisfy conditions (I) to (V) below,

Note

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

(I} a ratio (B/C) of the mass of the tetraalkoxysilane
(B) to a mass of the epoxy-group-containing compound (C) is
0.1 to 1.6;

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

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

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

Note that, in the formulae representing the mass ratios,

A represents the mass of the water—-soluble zirconium
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compound (A) in terms of Zr; B represents the mass of the
tetraalkoxysilane (B); C represents the mass of the epoxy-
group-containing compound (C); D represents the mass of the
chelating agent (D); E represents the mass of the vanadate
compound (E} in terms of V; and F represents‘the total metal
mass of the metal compound (F). These definitions will also
be used below.

[0019]

(2) The galvanized steel sheet according to (1), wherein the
coatiﬂg weight relative to the surface is 50 to 500 mg/m2.
[0020]

(3) The galvanized steel sheet according to (1) or (2},
wherein the surface-treatment agent Ffurther contains a
lubricant (G) and a content of the lubricant (G) is 1 to 10
masst relative to a total solid content of the surface-
treatment agent.

[(0021]

{(4) The galvanized steel sheet according to any one of {1)
to (3), wherein the surface-treatment agent further contains
a nonionic acrylic resin emulsion (H) and a content of the
nonionic acrylic resin emulsion (H) is 0.5 to 45.0 mass$

relative to a total solid content of the surface-treatment

agent.

[C022]

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

[Bdvantageous Effects of Invention]

£0023]

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

[0024]

Hereinafter, the present invention will be described in
detail.

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

[G025]

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

coated steel sheet (GL), an electrogalvanized steel sheet
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(EG), and a Zn-Ni alloy electrogalvanized steel sheet (Zn-11
masss Ni).
[0026]

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

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

[C027]

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

steel sheet is provided that is excellent in terms of
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various properties such as corrosion resistance of the steel
sheet, adhesion of the formed filﬁ, and corrosion resistance
of the steel sheet after alkaline degreasing, and is
excellent in terms of heat resistance and weldability, which
are characteristics of inorganic films.

[0028]

A water-soluble zirconium compound (A) used in the
present invention is not particularly limited and examples
thereof include zirconium nitrate, zirconium oxynitrate,
zirconyl acetate, zirconyl sulfate, zirconium carbonate,
ammonium zirconyl carbonate, potassium zirconyl carbonate,
éodium zirconyl carbonate, and zircon hydrofluoric acid.

Cne or more of these examples may be used. In particular,
ammonium zirconyl carbonate and sodium zirconyl carbonate
are preferred because a galvanized steel sheet more
excellent in terms of corrosion resistance and continuity is
provided.

[0029]

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

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

characteristics are provided is not clear. But, the

‘characteristics are probably provided because, when the

tetraalkoxysilane (B) and the above-described water-soluble
zirconium (A) are used in combination, the water—-soluble
zirconium (A) and the tetraalkoxysilane (B) form a film
having three-dimensional crosslinking.

{0030}

A tetraalkoxysilane (B) used in the present invention
is not particularly limited as long as it has four alkozxy
groups in a single molecule. Examples of the
tetraalkoxysilane (B) include tetrameﬁhoxysilane,
tetraethoxysilane, tetrapropoxysilane, and tetrabutoxysilane.
One or more of these examples may be used. Such an alkoxy
group is not particularly limited and may be, for example,
an alkoxy group having 1 to 4 carbon atoms, preferably 1 to
3 carbon atoms, more preferably 1 to 2 carbon atoms.
Specifically, in view of providing a galvanized steel sheet
having more excellent corrosion resistance,
tetraethoxysilane and tetramethoxysilane are preferable.
[0031]

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

[0032]

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

[0033]

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

present invention is not particularly limited and examples

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

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

resistance is not provided. When the mass ratio is more
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than 1.6, adhesion of the film becocmes pooxr.
[0035]

A surface-treatment agent used in the present invention
contains a chelating agent (D). A surface—treatment agent
that contains the chelating agent (D) exhibits excellent
storage stability. The reason for this is not clear. The
chelating agent (D) probably has the effect of suppressing
polymerization of the tetraalkoxysilane (B) in the surface-
treatment agent. Probably as a result of this effect, even
when the surface-treatment agent is stored over a long
periocd of time after the preparation thereof, it does not
alter and maintains the quality thereof at the time of
preparation. The chelating agent (D) is also necessary to
stably dissolve the vanadate compound (E) and the metal
compound {F) in the surface-treatment agent. The chelating
agent (D) is less likely to etch the surface of a zinc-
coated layer than inorganic acids such as nitric acid,
phesphoric acid, sulfuric acid, and hydrofluoric acid and
does not form a passivation film of zinec phosphate oxr the
like. Probably for these reasons, a galvanized steel sheet
having & film formed with a surface-treatment agent
containing the chelating agent (D} allows for more excellent
continuity.

[0036]

A chelating agent (D) used in the present invention is
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not limited to any specific kinds and examples thereof include a
hydroxy carbeoxylic acid such as tartaric acid or malic acid;

a monocarboxylic acid; a polycarboxylic acid such as

dicarboxylic acid or a tricarboxylic acid: oxalic acid,

malonic acid, succinic acid, citric acid, or adipic acid; an

‘aminocarboxylic acid such as glycin; phosphonic acid, and

phosphonate. One or more of these chelating agents may be
used. In particular, in view of storage stability of the
surface-treatment agent and corrosion resistance and
continuity of the galvanized steel sheet, a compound having
two or.more carboxyl groups or two or more phosphonic acid
groups in a molecule is preferred.
{0037] |

The chelating agent (D) used in the present invention
is contained such that a ratio (B/D) of the mass of the
tetraalkoxysilane (B) to the total mass of the chelating
agent (D) is 0.3 to 2.0, preferably 0.5 to 1.8. When the
mass ratio is less than 0.3 or more than 2.0, a galvanized
steel sheet having excellent corrosion resistance is not
obtained.
[0038]

A surface-treatment’ agent used in the present invention
contains a vanadate compound (E). The vanadate compound (E)
is uniformly dispersed in a film formed 611 a surface of a

galvanized steel sheet, in the form of being readily soluble
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in water and it exhibits the so-called inhibitor effect at
the time of corrosion of zinc. Examples of the vanadate
compound {E} used in the present invention include ammonium
metavanadate and sodium metavanadate. One or more of these
examples may be used.

[0039]

The vanadate compound (E) used in éhe present invention
is contained such that a rafio (E/D) of the total mass of
the vanadate compound (E) in terms of V to the total mass of
the chelating agent (D) is 0.03 to 1.0, more preferably 0.05
to 0.71. When the mass ratioc is less than 0.03, a
galvanized steel sheet having excellent corrosion resistance
is not obtained. When the mass ratio is more than 1.0, it
becomes difficult for the vanadate compound to dissolve in
the surface-treatment agent.

[0040]

A surface-treatment agent used in the present invention
contains a metal compound (F) containing at least one metal
selected from the group consisting of Ti, Al, and Zn. When
such a metal component is contained, a galvanized steel
sheet having excellent corrosion resistance (in particular,
in processed portions) can be provided.

[0041] 3
A metal compound (F) used in the present invention is

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

Examples of a Ti-containing metal compound include
titanyl sulfate, titanyl nitrate, titanium nitrate, titanyl
chloride, titanjium chloride, titania sol, titanium oxide,
potassium oxalate titanate, fluorotitanic acid, ammonium
fluorctitanate, titanium lactate, titanium tetraisopropoxide,
titanium acetylacetonate, and diisopropyl titanium
bisacetylacetone. The examples further include metatitanic
acid obtained by thermal hydrolysis of an agueous solution
of titanyl sulfate, orthotitanic acid obtained by
neutralization of an agueous solution of titanyl sulfate
with an alkali, and salts of the foregeing.

[0043]

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

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

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

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

[0046]

A surface-treatment agent used in the present invention
has a pH of 8 to 10, preferably a pH of 8.2 to 9.5. When
the treatment solution has a pH of less than 8, storage
stability of the suiface—treatment agent, corrosicn
resistance of the galvanized steel sheet, and adhesion of a
£film formed on a surface of the steel sheet are degraded.
When the treatment solution has a pH of more than 10 or is
acidic, zinc is considerably etched and corrosion resistance
and continuity of the galvanized steel sheet are degraded.
In the present invention, an alkali used for the pH
adjustment is preferably ammonium, an aﬁine, an amine
derivative, or an aminopolycarboxylic acid; and an acid for

the pH adjustment is preferably selected from the above-
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described chelating agents (D).
[0047]

A film formed on the surface of a zinc-coated layer.
according to the present invention is adjusted such that the
coating weight thereof is 50 to 1200 mg/m® relative to the
surface, preferably 100 to 900 mg/m?, more preferably 100 to
500 or less mg/m?. When the coating weight is less than 50
mg/m?, there are cases where the advantages of the present
invention are not sufficiently achieved. When the coating
weight is more than 1200 mg/m?, the advantages become
saturated, whigh results in economical disadvantage, and
there are cases where continuity becomes poor.

[0048]

A surface-treatment agent used in the present invention
may further contain a lubricant (G} for enhancing lubricity.
Examples of the lubricant include solid lubricants such as
polyethylene wax, polyethylene oxide wax, polypropylene
oxide wax, carnauba an, paraffin wax, montan wax, rice wax,
Teflon (registered trademark) wax, carbon disulfide, and
graphite. One or more of these solid lubricants may be used.
[0049]

The content of the Jubricant (G) used in the present
invention is preferably 1 to 10 mass% relative to the total
solid content of the surface-treatment agent, more

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

[0050]

A surface-treatment agent used in the present invention
may further contain a nonionic acrylic resin emulsion (H)
for the purpose of enhancing corrosion resistance of a film
formed on a surface of a galvanized steel sheet. The
nonionic acrylic resin emulsion (H) is not particularly
limited. An acrylic resin emulsified with a nonionic
emulsifying agent may be used: for-example, an agueous
emulsion obtained by emulsion polymerization of a vinyl
monomer such as acrylic acid, methacrylic acid, acrylate,
methacrylate, or styrene in water in the presence of a
nonionic surfactant (emulsifving agent)} having a
polyethylene oxide or polypropylene oxide in the étructure.
[0051]

The content of the nonionic acrylic resin emulsion (H)
used in the present invention is 0.5 to 45.0 mass% relative
to the total solid content of the surface-treatment agent,
preferably 1.0 to 40.0 mass%, more preferably 4.5 mass% or
less. When the content is 0.5 mass% or more, the effect of
enhancing wettability of the surface-treatment agent is
provided. When the content is 45.0 mass% or less, the

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

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

[0053]

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

like. Specifically, for example, a galvanized steel sheet
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having the shape of a sheet is coated by roll coating, bar
coating, or spraying a surface-treatment agent and adjusting
the adhesion amount by roll squeezing or 5lowing of gas at a
high pressure; or a galvanized steel sheet having the shape
of a formed product may be coated by dipping the galvanized
steel sheet in a surface-treatment agent, withdrawing the
galvanized steel sheet, and optionally adijusting the
adhesicon amount by blowing off excessive surface-treatment
agent with compressed air.

[0054]

Before a galvanized steel sheet is coated with a
surface—-treatment agent, the galvanized steel sheet may be
optionally subjected to a pretreatment performed for the
purpose of removing oil or stains on a surface of the
galvanized steel sheet. Galvanized steel sheets are often
coated with rust-inhibiting oil for preventing rust. When
galvanized steel sheets are not coated with rust-inhibiting
o0il, oil, stains, or the like adhere to the steel sheets
during processes. By subjecting a galvanized steel sheet to
the pretreétment, the surface of the galvanized steel sheet
is cleaned and the surface of the metal material becomes
uniformly wettable. When oil and stains are not present and
uniform wetting with a surface-treatment agent can be
achieved, the pretreatment step may be eliminated.

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

[0055]

The heating temperature (maximum sheet temperature) at
the time of drying a film formed on a surface of a
galvanized steel sheet according to the present invention is
generally 60°C to 200°C, preferably 80°C to 180°C. When the
heatiﬁg temperature is 60°C or more, water serving as the
main solvent does not remain and, for example, the corrosion
resistance of a galvanized steel sheet is not degraded.

When the heating temperature is 200°C or less, degradation
of corrosion resistance of a galvanized steel sheet due to
cracking of a film is not caused. The method for performing
drying by heating is not particularly limited. For example,
a surface-treatment agent may be dried by heating with hot
air, an induction heater, infrared rays, near-infrared rays,
or the like.

As for the time for which the heating is performed, an
optimal conditicon is appropriately selected in accordance
with, for example, the type of a galvanized steel sheet used.
In view of productivity and the like, the time is preferably
0.1 to 60 seconds, more preferably 1 to 30 seconds.

[0056]

The reasons why a galvanized steel sheet obtained by
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the present invention has various properties sucﬁ as
corrosion resistance and adhesion of a f£ilm formed on a
surface of the galvanized steel sheet and allows for desired
continuity without degradation of the corrosion resistance
are not necessarily clear. However, such advantages are
probably provided by the following effects.

[0057]

In the present invention, the skeleton of a £ilm formed
on a galvanized steel sheet is constituted by a water-
soluble zirconium compound, a tetraalkoxysilane, and an
epoxy-group-containing compound. A dried film composed of
water—scluble zirconium does not dissolve back intoc water
and provides a barrier effect. Thus, a galvanized steel
sheet is provided that is excellent in terms of various
properties such as corrosion resistance of the galvanized
steel sheet, adhesion-of a film, and corrosion resistance of
the galwvanized steel sheet after alkaline degreasing, and is
excellent in terms of heat resistance and weldability, which
are characteristics of inorganic films. In addition, the
presence of the tetraalkoxysilane probably results in three-
dimensional crosslinﬁing between silanol groups generated
from the alkoxy groups and the water-soluble zirconium
compound to thereby form a dense film. In addition, a
surface-treatment agent according to the present invention

contains the epoxy-group-containing compound and, as a


IP-TEMP
Rectangle


10

15

20

25

_ Our Ref.2009802035

- 31 -
result, crosslinking reaction of the epoxy groups with the
silanol groups and the water-soluble zirconium probably
occurs. Accordingly, the bonding strength of the film is
probably further enhanced. By using the epoxy-group-
containing compound, a galvanized steel sheet is provided
that is excellent in terms of resistance to scratching and
lubricity, which are characteristics of organic films.
[0058]

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

groups in the chelating agent serve as a creosslinking agent
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for forming the dense skeleton of the film together with the
film-skeleton components. Accordingly, the chelating agent
pxﬁbably enhances the continuity.
[Q059]

In summary, a galvanized steel sheet allowing for
excellent continuity according to the present invention can

maintain excellent continuity even when it is in contact

.under a low pressure with a gasket or the like probably

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

[0060]

The present invention can provide a galvanized steel
sheet having various propertiles such as corrosion resistance
and adhesion and allowing for excellent continuity without
degrading corrosion resistance even under a severe condition
in which the steel sheet is under a low contact pressure.
Such galvanized steel sheets according to the present
invention are applicable to various applications and are
suitably used as, for example, materials used in various
fields relating to construction, electricity, automobiles,

and the like.
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[EXAMPLES]
[0061]

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

[0062]

1. Method for preparing test sheets

(1) test sheets (materials)

The following commercially available materials were
used as test sheets. %
(i) electrcgalvanized steel sheet (EG): sheet thickness of
0.8 mm and co.ating weight of 20/20 (g/m?)
(1i) hot dip galvanized steel sheet (GI): sheet thickness of
0.8 mm and coating weight of 60/60 (g/m®)
{iii) hot dip galvannealed steel sheet (GA): sheet thickness
of 0.8 mm and coating weight of 40/40 (g/m?)

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

(2) Pretreatment (cleaning)
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Test samples were prepared in the following manner. A
surface of each test material was treated with PALKLIN N364S
manufactured by Nihon Parkerizing Co., LTD. to remove oil
and stains on the surface. The surface of the metal
material was then cleaned with tap water and it was
demonstrated that the 100% area of the surface was wet with
water. Pure water (deionized water) was further splashed
onto the metal material. The metal material was dried in an
oven having an.atmosphere at 100°C and then used as a test
sanmple.

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

Surface-treatment agents were obtained by mixing the
components in deionized water so as to achieve the
compositions (mass ratios) in Table 1. Note that the mixing

amounts of the compconents (G) and (H) in Table 1 are the

amounts (g) of the compconents (G) and (H) added to 1 kg of a

surface-treatment agent.

[0065]
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[Table 1 (No. 1))
Surface—treatment agents for galvanized surfacas
Composition
Test condition| Cmert| Compenent | Camponunty Camuc oyent | Gemponont | Compryient | Gompir™* | (A/B) [(B/C)|(B/D)| (E/D)
ixin ing| M
Type | Typo | Type | Type | Type | Type |Typel im Tyoeuiin) MiSS | V00| Mo00 | V%0
D1 .
Example| 1 A2 B1 C2 +D2 E2 F1 = 0 j-1{0 140 | 043 | 122 | 0.34
(x3)
D1
Example} 2 Al B1 c2 +D2 E2 F1 - o[-0 1.68 | 043 | 1.22 | 034
(%3)
Al D1
Example| 3 | +A2 Bi c2 +D2 E2 Fi - 0 -1 0 1.68 | 043 | 1.22 | 0.34
(k1) (%3)
D1
Example| 4 A2 B1 cz +D2 E2 Fi - 0 -10 1.68 | 043 | 1.22 | 0.34
. (%3)
Example! § A2 B1 c2 Di E2 F1i - 0 | -190 303 | 043 [ 1,22 | 034
D1
Example| 6 Az B1 c2 +D2 E2 F1 - 10 -1 0 303 [ 043 | 1.22 | 034
(x3)
Example| 7 A2 Bi C2 D2 E2 Fi - 0 - | 0| 303 | 043 1.22 | 0.34
D1
Example| 8 A2 B1 G2 +D2 El F1 = 0 - | 0 597 043 1.22 | 0.34
(x3)
Di
Examplef 9 Al B1i c2 +D2 El F2 - 0 -{ 0| 589 | 010 0.30 | 0.34
(x3)
D1
Example| 10| Al B1 c2 +D2 £ F2 = 0 - | 0] 284 | 020 | 0.6t | 0.34

(k1)~0kB) mixing ratios (mass ratios) (#1JA1:A2=1:1 (%2)C1;02=1:1

(*3)D1:D2=9:1 (kd)ET:E2=1:1 (*5)F1

2008502035

@ | ) |
assk | Mass%

300 | 000 | B84
.00 0,00 8.4
300 | 0.00 7 B4
JoO § 000 | 84
).00 0.00 8.4
300 | 000 | B4
100 | Q.00 | B84
Jo0 | 000 | 84
300 | 000 | B4
300 | OO | 84
#6)F1:F3=1:1

_SE‘_
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[Table 1 {No. 2)]
Surface—treatment agents for galvanized surfaces
Composition
T e R o il i e Pompiyent | Comeant | (A/B) (B/C) (B/D)|(E/D) |
e S R B R e e A A
D1
Examplei 11 Al B2 c2 +D2 E1 F2 - 0 |- 07 294 { 020! 061 0.34
- (k3)
D1
Example| 12 | Al B1 c2 +02 Ef F2 - 0 |~ 01 294 | 020 0.61 0.34
(x3)
D1
Example| 131 Al Bt c2 +D2 Ei F2 = Q | -| 0} 147 | 043 | 122 | 0.34
(x3) :
D1
Example| 14 | Al B1 c2 +D2 El F2 o 0 (-0 147 | 043 | 1.22 | 034
(%3)
D1
Example| 15 | Al Bi c2 +D2 E1 F2 = 0 j-{0 147 | 0431 1.22 | 034
(+3)
P1
Example| 18 | Al B1 c2 +D2 El F2 = 0o/ -10 1.48 | 085 1.69 | 0.22
: (x3)
D1
Example| 17 | Al Bi Ct +D2 El F2 = 0 -1 0 135 | 106 | 1,88 | 0,22
(*3)
Ci D1 5
Example| 18 | Al B1 +G2 | D2 El F2 - g -1 0 136 106 | 1.88 | 0.22
(*¥2) | (%3)

(*1)-(%6) mixing ratios (mass ratios) (R1)AT:A2=1:1 (*2)C1:02=1:1 GID1:D2=9:1 (x4)E1:E2=1:1 (%8)F1:F

1009502035

@ | ™| oy
155% | Mass%

.00 | 0.00 8.4
00 [ 000 | 84
00 | 000 | 84
00 | 000 | B4
00 | 000 | 84
00 | 0007 84
00 | 0,00 | 84
.00 ¢ 000 | B4
B)F1:F3=1:1

- 8¢
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{Table 1 (No. 3)]
Surface—treatment agents for galvanized surfaces
Composition
Test condition] e ™| ** ™ | ™| oy ™| e | | e | P | (a/B) [(B/C) (B/D)| (E/D)
D1
Example| 19 Al B1 c2 +D2 Et F2 = 0 - | 0 1.35 | 106 | 1.88 0.22
(+3)
D1
Example] 20 Al Bi c2 +D2 El F2 oo ¢ -10 1.28 | 111} 1,97 | 0.22
(*3)
D1
Exampie| 21 | Al B1 c2 +D2 Ef F2 - 01 -107 147 | 105| 1.22 | 0.34
(*3)
D1 ,
Example! 22 Al B1 Cc2 +D2 El F2 - 0 -10 147 | 043 | 1.22 | Q.34
(+3)
D1
Example | 23 Al B1 c2 +D2 El F2 - 0 -10 147 | 043 | 1.22 | 0.34
(*3)
D1 5
Example | 24 | Af Bi c2 +D2 E1 F2 - 0 | - 0 147 {043| 1.22 | 034
(x3)
D1 g
Example| 25 | A1l B1 c2 +D2 E1 F2 - 0| ~-]0 | 147 | 043 122 | 034
(+3)
D1
Example| 26 | Al B1 c2 +DZ) E1 F2 - 0 | -10 | 147 | 084 122 | 034
(%3

(%1)-(%6) mixing ratics {mass ratios) (k1JA1:A2=1:1 (%2)C1:C2=1:1 (*3)D1:D2=9:1 (*4)E1:E2=1:1 (x5)F1

2009802035

@ | ¢ |
fassk | Mass%

000 | 0.00 | 84
000 | 000 | 84
000 | 000 | 84
000 | 000 | 80
000 | 000 | 82
000 | GO0 | 85
0.00 | 000 | 100
000 | 000 | 8.4
#6)F1:Fa=1:1

LE =
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[Table 1 (No. 4)]

Surface—treatment agents for galvanized surface
Composition -
Test condition c”"}'}f}’wm'p @ 2 ©) : C"”(D) " ® < ke (F). 1 " 2 (H) {(A/B) [(B/C) (E
Mixing wing| Mass | Mass | N
Type | Type | Type | Type | Type | Type |TYP®| smourt!! VP umourt el Py
D1
Example| 27 Al B1 c2 +D2 E1 F2 - 0 -1 0 147 | 0.63
(x3)

Example| 28 | A2 B2 Ct D1 E2 F3 - 0| -1]0 147 | 0.43 |
Example| 29 | A2 B2 cl D1 El F3 - 0 -] 0 147 | 043 | |
El
Example) 30} A2 B2 C1 D1 +E2 F3 = 0 -10 147 | 043 1 ¢
(x4)

Exarmple | 31 A2 B2 C1 D1 E2 F3 - 0 -1 0 147 | 043 § |
Example | 32 A2 B2 C1 Di E2 F3 - 0 = 0 1.47 043 | |
Example | 33 A2 B2 Ci D1 E2 F3 - 0 - 0 1.47 043 | |
Examplel 34 | A2 B2 Ci D1 E2 F3 - 0 -~ | 0 147 | 043
Example| 35 | A2 B2 C1 D1 E2 Fl - 0 -1 0 1.47 | 0.43

Fi
Example| 36 A2 B2 C1 D1 E2 +F2 - 10 = 4] 1.47 | 043
(%5)
Example| 37 | A2 B2 C1 D1 E2 F2 - 0 =190 147 | 043
Example| 38 | A2 B2 C1 D1 E2 F3 e 0 ~ |0 1.47 | 0.43
Example| 38 A2 B2 C1 D1 E2 F3 = 0 = ¢] 1.47 | 0.43
Example| 40 | A2 B2 ci D1 E2 F3 = 0 -1 0 147 | 0.43
F1
Example| 41 A2 B2 C1 D1 E2 +F2 - 0 -1 0 147 | 043
(*5)

(%1)-(%6) mixing ratios (mass ratios) (¥1)AT:A2=1:1 (*2)C1:02=1:1 (*3)D1:D02=9:1 (x4)E1 : EC

Our Ref.2009502035

pH
WF/D) (@) | (H)
i | Mass
ko Mass% | Mass%
007 | 000 | 000 | B84
0.06 | 0.00 | 000 | 84
0.1 | 000 | 0.00 | 84
0.1 0.00 0.00 8.4
0.11 0.00 0.00 8.4
0.09 | 000 | 0.00 | B4
0.06 0.00 | 0.00 8.4
| 006 | 000 | QOO0 | 84
j 1 090 | 000 | 000 | 84
)] 010 | 000 | Q.00 | 8.4
} 1 010 | 000 | 000 | 84
3} | 010 | 000 | 000 | 84
\ 0,11 0.00 | 0.00 8.4
} | 012 | 000 | 000 | 8.4
i | 007 | 000 | 000} 84

HeF2=111 (*6)F1:F3=1:1

._eg...
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[Table 1 _(No. 5)]
Surface—treatment agents for galvanized surfaces
. Composition

Test cendition| ™) St | Pt OoTgent| Comggene| Compment | SRS | T | (A/B)[(B/C) (B/D)] (/D)
Gt Fi

Example{ 42 | A2 B2 +C2 D1 E1 +F2 - 0 -1 04§ 147 {043 | 1.22 | 0.34
(2) (*5)
C1 Fi

Example| 43 [ AZ B2 +C2 D1 E1l +F2 - 0 | -1 0/ 147 | 043 ] 1.22 | 0.34
(*2) (x5)
C1 Fi

Example| 44 | A2 B2 +C2 0 El +F2 - 0\ -1 0] 147 | 043 | 1.22-] 0.34
{(*2) (+5)
Ci Fi

Example| 45| A2 B2 +02 D1 El +F2 - 0 1-10 1.47 | 043 | 1.22 | 0.34
(*2) (+5)
c1 Fi

Example| 46 | A2 |- B2 +C2 D1 Ef +F2 - 0 { -] 0] 147 | 043 | 1.22 | 0.34
(*2) {*5)
C1 F1

Example| 47 | A2 B2 +C2 D1 El +F2 - 0 -1 0 147 [ 048 [ 1,22 | 0.34
(*2) (*5)
_ C1 F1

Example| 48 | A2 B2 +C2 D1 El +F2 = 0 |- 0] 147 | 0431 1.22 | 034
(%2) (x5)
C1 Fi

Example| 49 | A2 B2 +C2 D1 E1 +F2 - 0 |—=| 0] 147 | 043 | 1.22 | 034
(x2) (%5)

(*1)-(¢6) mixing ratios (mass ratios) (*1)A1:A2=1:1 (*2)C1:02=1:1 (%3)D1:D2=9:1 (*4)E1:E2=1:1 (¥5)F1;

19502035

(H) ol
i | Massh
000 | 84
0.00 | 84
0.00 | 84
000 | 84
0.00 | 84
000 | 84
000 | 84
000 | 84
1:1F8=1:1

= B& ™
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[Table 1 (No. 6)]
Surfage-treatment agents for galvanized surfaces
Compaosition .
Test condition] S | Cerpsnent | Comeenent) Gomeanent | Garasnant | Garmed e gemtae™ | (a/B) (B/C) (B/D)| (B/D) [ ( @ | M|
Al i M
Type | Type | Type | Type | Type | Type |[Type ,",::,t':‘ Type] Mixs t’:?: I:Lifos rai?os liiis: fass¥ | Mass%
C1 F1 B
Example} 50 | A2 B2 +02 D1 E1 +F2 - 0 -1 0 147 | 043 ) 1.22 | 034 000 | 000 } 84
(%2) (5)
Fi
Example| 51 Az B2 1 D2 E2 +F2 - Q -|l0 294 | 020 118 | 0.03 000 | 000 | 84
(%5)
Fi
Example| 52 | A2 B2 Ci Dz E2 +F2 o 0 -1 0 294 | 020 1.18 | 0.18 000 | 0.00 8.4
(5)
F1
Example| 53 [ A2 B2 Ci D2 E2 +F2 - 0] -1 0 294 [ 020} 1.18 | 0.65 0.00 | 000 8.4
(5)
F1
Example| 54 A2 B2 G D2 E2 +F2 - 0 - | 0 294 | 0201 148 | oM 0.00 | 0.00 8.4
(*5)
F1 ’
Example| 55 A2 B2 1 D1 E2 +F3 - 1] -1 0 147 | 043 | 1.22 | 0.34 0.00 | 000 8.4
(%6)
F1
Example| 56 | A2 B2 C1 D1 E2 +F3 - 0 -10 147 | 043 | 122 | 034 000 | GO0 | 84
(*8)
F1
Example| 57 A2 B2 C1 i E2 +F3 - 0 -1 0 1.47 | 043 1.22 | 034 0.00 | 0.00 8.4
(+6)
(1)-(%6) mixing ratios (mass ratios) (*1)A1:A2=1:1 (¥2)C1:02=1;1 (3)D1:D2=9;1 (%4)E{:E2=1:1 (¥§)F1:F *6)F1:F3=1:1

_Oﬁ_
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[Table 1 (No, 7))
Surface—treatment agents for galvanized surfaces
Composition
Test condition Gomponent| C s o - t Cnmtgnuat Gnm(p;)nmt Gon;pﬂolnunt Don:;lu)nant (A/B) (B/C) (E/D) (E/D)
; M M
Type | Type | Type | Type | Type 'l;)ipe TYPE] drmnt [TYP o] ratin | ratie i?h-s: :ﬁa,f:
F1
Example| 58 | A2 B2 C1 D1 EZ2 +F1; - 0|~} 0| 147 | 043 122 } 034
(6
D1
Example| 59 { A2 B2 G1 +D2 E2 Fi - 0 |Hi| 13| 147 | 043 | 122 | 034
(*3)
D1
Example} 60 | A2 B2 G1 +D2 E2 Fi - ot-10 147 | 043 ) 1.22 | 034
(*3) ]
D1
Example| 61 ( AZ B2 C1 +D2 E2 F1 - 0 {H1{33| 147 | 043 | 1.22 | 0.34
(#3)
Dt
Example| 62 | A2 B2 C1 +D2 EZ F1 = o |-]0 147 | 0.43 { 1.22 | 0.34
(*3)
D1
Example| 63 | A2 B2 ci +D2 E2 Fi = 0 |~ 0} 147 | 043 | 122 | 034
(*3)
D1
Example| 64 | A2 B2 1 +D2 E2 F1 - 0o |-10 147 | 043 | 1.22 | 034
(*3)
D1
Example| 65 | A2 B2 Ci +D2 E2 F1 - 0 |-} 0 147 1043 | 1.22 | 034
(*3)

(#1)-(*6) mixing ratios (mass ratios) (¥1)A1:A2=1:1 (#2)G1:02=1:1 (3)D1:D2=9:1 (*4)E1:E2=1:1 (*5)F1

009802035

3) | (H) pH
iss¥ | Mass%

0o .| 0.00 | 8.4
00 | 05 | 84
00 ) 000 | 84
00 | 10 [ 84
00 | 0.00 8.4
00 | 000 | 84
00 | 0.00 | 84
00 | 000 | 84
IF1:F3=1:1

_'[b_
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[Table 1 (No. 8)]
Surface-treatment agents for galvanized surfaces
Composition

‘Feut:oordiion] T Tar] S St Gonpor] Sampret) S| Do | G | (AZE) iB/E){B/D)] (E/D)
D1

Example| 68 A2 B2 Ct +D2 E2 F1 = 0 -1 0 1.47 D43 | 1.22 034
{*3)
[s}]

Example| §7 A2 B1 Gi +D2 - £1 Fi - 0 -10 147 | 043 | 1.22 0.34
(*3)
D1

Example| 68 | A2 B2 C1 +D2 E2 F1 & g |-1 0] 147 | 043 122 | 034
(3)
D1

Example| 69 A2 B2 Gt +D2 EZ F1 = 0 |HI| 30| 147 | 043 | 1.22 | 034
(x3) )
Di

Example| 70 A2 B2 ci +HJ2 E2 Fi = 0 [H1]300! 1.47 | 043 ] 1.22 0.34
(%3) -
D1 Fi

Example| 71 | A2 B2 Ci +D2 E2 +F2 |Gl 25| -] 0| 147 {043 ] 1.22 | 034
(+3) (*5)
Di F1

Example| 72 | A2 B2 C1 +D2 E2 +F2 | G1[100)] - | O | 147 | 043 | 1.22 | 0.34
(%3) (*5)
D1 Fi

Example| 73 | A2 B2 Ci +D2 E2 +F2 | G1 (250} - | O | 147 [ 043 | 1,22 | 034
(x3) (%5)

(*1)~(*%6) mixing ratios (mass ratios) (F1)AT:AZ=1:1 (%2)C1:C2=1:1 (k3)D1:D2=8:1 (*4)E1:E2=1:1 (¥5)F1:

19502035

H) | oy

& [ Mass%
000 | B4
0.00 | 84
0.00 { 84
8.6 8.4
486 | B4
0.00 | 84
000 | 84
0.60 8.4

i;F3=1:1 |

A
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[Table 1 (No. 9)]
Surface—treatment agents for galvanized surfaces
Composition '

Test condition| ™ T ™| oy | e e [ T [ (A/B) ((B7C) (/D) (E/D)

Mixing mixng| Mass | Mass | Mass | Mass

Type | Type | Type | Type | Type | Type [TYPE] imount|TYPS ratio | ratio | ratio | ratio
D1 F1

Example| 74 A2 B2 C1 +D2 E2 +F2 Gl [375]| -] 0 1.47 043 | 1.22 0.34
(%3) (k5)
D1 Fi

Example| 75 A2 B2 Ci +D2 E2 +F2 G} |500{ -] 0 147 |1 043 1.22 0.34
(%3) (x5)
D1 Fi

Example[ 76 | A2 B2 c1 +D2 E2 +F2 | G1 12003 H1| 50| 147 | 043 | 1.22 | 034
(+3) (+8)
D1 F1

Example] 77 A2 B2 Ci D2 E2 +F2 | G1 1225 H1|100! 1.47 } 043 1.22 | 0.34
(#3) (%5)
Dt Fi

Exampie| 78 A2 B2 Gi +D2 EZ +F2 G1 (225 H1 {100 147 | 043 ( 1.22 0,34
: (3) (5)
D1 Fi

Example| 79 | A2 B2 Ci +D2 E2 +F2 { Gi|225|H1]100f 1.47 | 043 122 { 0.34
{*3) (%5)
Dt Fi

Example| 80 { A2 B2 c1 +D2 E2 +F2 | G1 1225 H1{100| 147 | 043 | 1.22 | 0.34
(%3) (%5)
D1 Fi

Example| 81 A2 B2 C1 +D2 E2 +F2 | GT (305 | H1|250| 1.47 | 043 | 1.22 | 0.34
(*3) (*5)

{(#1)—(*6) mixing ratios (mass ratios) (¥1)A1:42=1:1 (x2)C1:C2=1:1

(+3)D71:D2=9:1 (*4)E1:E2=1:1 (x5)F1

,20093802035

(@)

(H)

pH
Massh | Mass%
10 0.00 { B4
12 000 | 84
] 133 | 84
5 234 | 84
5 234 | 84
5 23.4 8.4
5 234 | 84
5 | 434 | 84

(%B)F1:F3=1:1
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[Table 1 {No. 10)]
Surface—-treatment agents for gaivanized surfaces
Compeosition
Test condition| gy Cozment| Cargsnent Corpanat) Garpanent| Gomestont | S | e | (A/B) [(B/G) (B/D)|(E/D)
n pty] M M M
, D1 e
Comparas’™| 82 | A2 B1 c2 E;E:’.% E2 F1 -] o§-]0] 084|043} 122 | 034
Commaret D1
omparstive! . -
et 83| A2 B1 c2 ?a?sz) E1 Fi 0 0| 757 | 043} 122 | 034
) Di
e | 84 Al B1 gz | +D2 | Et F2 | - | o] -]o0]|1177|005| 015 | 0.34
(*3)
G ly Di
omparadve pa— o
perieivad (F: ) Y B 58 zg% E1 F2 0 0| 029 | 2121 609 | 0.34
G arat} B
i | 58| A2 B2 C1 D{ E2 F3 -] 0 o | 147 | 043 | 200 | 006
G tive
e | 87 | A2 B2 o} D1 EZ F3 -1 0| ~-|0F 147 | 043 | 251 | 072
g F1
Gompernc| 88 | A2 B2 ci D2 EZ +F2 | -1 0| -] o] 284 | 204 1.18 | 0.0
(x5)
F1
Comparavel 89 | A2 | B2 ci D2 E2 ::52) - o}-]0o]| 284 | 020 1.18 | 118
. Fi
Gomparativel 901 A2 | B2 | C1 | DI Ez | +F3 | = | 0 |- 0| 147 {043 122 | 034
ole (*6)

(%1)=(*6) mixing ratios (mass ratios) (*1)AT:A2=1:1 (%2)C1:C2=1:1 (+3)D1

:D2=8:1 (#4)E1:E2=1:1 (*5)F1:F2=

008502035

D || oy
ss¥ | Mass%

0o } 0.00 8.4
0o | 8.00 8.4
0o | 0.00 g4
0O | 000 | 84
0o | 000 8.4
00 | 000} 84
o | Qo0 8.4
00 | 0.00 { B84
060 | 0.00 ] 84
:F3=1:1

¥ -
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[Table 1 _(No. 11)]
Surface-treatment agents for galvanized surfaces
Composition
Test condition] | Sy  Comtemas) Rimboarl Compaut | ompsrant | Gempesent. | Stmenent | LAVE]) ((BLCY(BID) | (E70D)
Mixing Miing) Mass | Mass | Mass | Mass
Type | Type | Type | Type | Type | Type [TYPE| s [TVP ratio | ratio | ratio | ratio
Fi
Ci ati ;
wompe | 91| A2 | B2 | ©1 | DI E2 | +F3 | - | 0 | ~| 0| 147 [ 043 | 122 | 034
(*6)
C 4 Di
omparativ *
e | 92 | A1 Bi cz | +D2 | E1 Fo | = | o | ~]o0]| 147 | 043 122 | 034
(%3)
G rativ, D1
Qmparauave
e | 93 | At B1 ce | +D2 | Ei F1 -1 o|-|0]| 147 |043| 122 | 034
. (r3)
Y Fi
Comporn'®| 94 | A2 Bz | +C2 | DI E1 +F2 | -] 0 | =} 0| 147 043 | 122 | 0.34
(+2) (*5)
C1 F1
Comporatvel 05| A2 | B2 | +c2 | D1 | E1 | +F2 | - | 0 [-| 0| 147 |043| 122 | 034
(2) (5)
D1 Fi !
Compastvel96 | A2 | B2 | ©1 | +D2 | E2 | +F2 | G1|225|H1|100| 147 | 043 | 1.22 | 034 |
(x3) (*5) !
. D1 F1 :
Gomparstcl 97 A2 | B2 | Of | 4D2 | E2 | +F2 |Gt )225|H1]100| t47 | 043 122 | 034
(+3) (*5) '
n——— D1
omparauve
wompla | 98| - Bi C1 -(:Eg El F1 -1 0o |-|0]| 000|043 | 237 | 0.8

(%1)~(%6) mixing ratios (mass ratios) C(k)A1:A2=1:1 (*2)C1:C2=1:1 (*x3)D1:02=9:1 (*4)E1:E2=1:1 (*5)F1:

109802035

| ¢ |
sk | Mass%
J | 000 | 84
) 1000 | 45
Y | 000 | 110
3 | 0.00 8.4
21000 84
234 | 84
234 | 84
J 1 000 | 84
E-"I 1F3=1:1

_g"g.—
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{Table 1 (No. 12}]
Surface—treatment agents for galvanized surfaces
Composition
Test condition| " nent| Gonkenent| Gompesant) omposant | Gampoant | Gomes Gompanent | Compemert | (A/B) [(B/C) (B/DY (E/D)
Mixing vimng| Mass | Mass | Mass | Mass
Tvpe | Type | Type | Type | Type | Type |TYPO) smos Tpr ratio | ratio | ratio | ratio
D1 :
G i kS %
°e";:fn’;f:“ 98 | A2 - C1 +D2 Et F1 = 0 {-10 = 0.00 | 0.00 0_.68
(*3)
c e D1
omparaliive
ex:mple 100 AZ Bi - +D2 Et F1 = 0 - 0 1.47 = 2,37 .68
(x3)
c 1 D1
omparative
eximple 101 A2 B1 Gl +D2 - - - 0 - 0 1.47 0.43 2.37 o
(*3)
" 7 D1
omparative|
ex‘;mple 102] A2 B1i G1 2-*[35 ET . a 0 -10 1.4?_ 043 | 237 | 0.00
Comparativel 1051 49 | B1 | of - E1 F1 | -] o | -{o0] 147 |043] 237 | 068
{(%1)—(%B) mixing ratios (mass ratios) F1)AT:AZ=1;1 (2)CT:C2=1;1 (*3)D1;D2=9:1 (*§ET;E2=1:1 (*5)F1;

2008502035

@ | 40| oy
Aass% | Mass%

0.00 0.00 8.4
0.00 0.00 8.4
000 | 00D | 84
000 | 000 | B84
000 | 000 | 84
*#6)F1:F3=1:

_gﬁ—-
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[0066]
Hereinafter, the compounds used in Table 1 will be
described.
<Water-soluble zirconium compound (A)>
Al: sodium zirconium carbonate
AZ: ammenium zirconium carbonate
[Q067]
<Tetraalkoxysilane (B)>
Bl: tetraethoxzysilane
B2: tetramethoxysilane
f0068] |
<Epoxy-group-containing compound (C)>
Cl: y—glycidoxypropyltriethoxysilane
C2: polyethylene glycol diglycidyl ether
[(00869]
<Chelating agent (D}>
Dl: 1-hydroxymethane-1,l-diphosphonic acid
DZ: tartaric acid
[0070]
<Vanadate compound {(E)>
El: ammonium metavanadate
EZ: sodium metavanadate
[0071]
<Metal coﬁpound (F)>

Fl: ammonium fluorotitanate
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F2: aluminum nitrate hexahydrate

F3: zinc carbonate

[0072]

<Lubricant (G)>
5 G1l: polyethylene wax (CHEMIPEARL (registered trademark) WS00

manufactured by Mitsui Chemicals, Inc.)

[0073]

<Nonionic acrylic resin emulsion (H)>

H1l: styrene-ethylmethacrylate-n-butylacrylate-acrylic acid
10 copolymer

[0074]

(4) Treatment method

A single surface of each test sample was coated with

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

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

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

The drying temperature was adjusted by changing the

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

is the maximum temperature of a single surface of a test

sample. The bar coating was specifically performed in the

following manner.

[0075]

25 Bar coating: the surface-treatment agents were dropped
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onto the test samples and applied over the test samples with
#3-5 bar coaters. A cecating weight in Table 2 was achieved
by changing the number of a bar coater used and the

concentration of a surface-treatment agent.

[0076]
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[Table 2 {No. 1)]

' | Treatment method
Testoonditon | °°" " oating methoa| SoANE | Drving
Type Type mgm2 G

Example 1 (i) Bar coating 300 140
Example 2 (i) Bar coating 300 140
Example 3 (i) Bar coating 300 140
Example 4 {i) Bar coating 300 140
Example 5 {iy Bar coating 300 140
Example 6 (i) Bar coating 300 ~ 140
Example 7 (i) Bar coating 300 140
Example 8 (1) Bar coating 300 140
Example 9 (i) Bar coating 300 140
Example 10 (i) Bar coating 300 140
Example - i1 (1) Bar coating 300 140
Example i2 (i) Bar coating 300 140
Example 13 (i) Bar coating 360 140
Example 14 (ii) Bar coating 300 140
Example i5 (iii) Bar coating 300 140
Example 16 (i) Bar coating 300 140
Example i7 (i) Bar coating _300] - 140
Example i8 (i) Bar coating 300 140
Example 19 (i) Bar coating 300 140
Example 20 (i) Bar coating 300 140
Example 21 {i) Bar coating 300 140
Example 22 {i) Bar coating 300 140
Example 23 (i) Bar coating 300 140
Example 24 (i) Bar ceating 300 140
Example 25 (i) Bar coating 300 140
Example 26 (i) Bar coating 300 140
Example 27 (i) Bar coating 3c0 140
Example 28 (i) Bar coating 300 140
Example 29 (i) Bar seating 300 140
Example 30 (i) Bar coating 300 140
Example 31 (i) Bar coating 300 140
Example 32 (i) Bar coating 300 140
Example 33 (i) Bar coating 300 140
Example 34 (i) Bar coating 300 140
Example 35 (i) Bar coating 300 140
Example 36 (i) Bar coating 300 140
Example 37 (i) Bar coating 300 140
Example 38 (i) Bar coating 300 140
Example 39 (i) Bar coating 300 140
Example 40 (i) Bar coating 300 140
Example 41 (i) Bar coating 300 140
Example 42 (i) Bar coating 50 140
Example 43 (i) Bar coating 100 140
Example 44 (i) Bar coating 200 140
Example 45 (i Bar coating 400 140
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[Table 2 {(No. 2)]
Treatment method

Test condition Tast-shel Coating method Coa}tlng Drying

weight | temperature

Type Type mg”m2|°C

Example 46 (1) Bar coating 450 140
Example 47 (i) Bar coating 500 140
Example 48 (i) Bar coating 600 140
Example 49 (i) Bar coating 800| 140
Example 50 (1) Bar coating 1000 140
Example 51 {1} Bar coating 300 140
Example 52 {1) |- Bar coating 300 140
Example 53 (1) Bar coating 300 140
Example 54 (i) Bar coating 300 140
Example 55 (i) Bar coating 300 140
Example 56 (i) Bar coating 300 140
Example 57 (i) Bar ceating 300 140
Example 58 (i) Bar coating 300 140
Example 59 (i) Bar coating 300 140
Example B0 (i) Bar coating 300 40
Example 61 (i) Bar coating 300 50
Example 62 (i) Bar coating 300 60
Example 63 (i) Bar coating 300 80
Example 64 (i) Bar coating 300 180
Example g5 (i) Bar coating 300 200
Example 66 (i) Bar coating 300 250
Example 67 (i) Bar coating 300 140
Example 68 (i) Bar coating 300 140
Example 69 (i) Bar coating 300 140
Example 70 (i) Bar coating 300 140
Example 71 (i) Bar coating 300 140
Example 72 (i) Bar coating 300 140
Example 73 (i) Bar coating 300 140
Example 74 (i) Bar coating 300 140
Example 75 (i) Bar coating 300 140
Example 76 (i) Bar coating 300 140
Example 77 (i) Bar coating 300 140
Example 78 (i) Bar coating 600 140
Example 78 (1) Bar coating 900 140
Example 80 (i) Bar coating 1200 140
Example 81 {i) Bar coating 300 140
Comparative example 82 (i) Bar coating 300 140
Comparative example 83 (i) Bar coating 300 140
Comparative example 84 (1) Bar coating 300 140
Comparative example 85 {i) Bar coating 3c0 140
Comparative example 86 (i) Bar coating 300 140
Comparative example 87 {i) Bar coating 300 140
Comparative example 38 (1) Bar coating 300 140
Comparative example 39 (1) Bar coating 300 140
Compearative example g0 (i) Bar coating 300 140
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[Table 2 (No.3)]

Treatment method
Test condition Twat shisey Coating method Goa!tlng Drying

weight | temperature

Type Type mg.~ m2|°C
Comparative example 91 (i) Bar coating 300 140
Comparative example 92 (i) Bar coating 300 140
Comparative example 93 (i) Bar coatin 300 140
Comparative example] 94 (i) Bar coating 10 140
Comparative example 95 (i) Bar coating 1500 140
Comparative example 96 (i) Bar coating 10 140
Comparative example 97 (i) Bar coating 1500 140
Comparative example 98 (i) Bar coating 300 140
Comparative example 99 (i) Bar coating 300 140
Comparative example 100 (i) Bar coating 300 140
Comparative example] 101 (i) Bar coating 300 140
Comparative example] 102 (i) Bar coating 300 140
Comparative example{ 103 (i) Bar coating 300 140

[0077]
(5) Evaluation test methods
(5-1) Evaluation of corrosion resistance

Specimens having a size of 70 mm x 150 mm were cut from
test sheets and the back surfaées and end surfaces of the
specimens were sealed with vinyl tapes. These specimens
were tested in a manner described below. The evaluation was
performed by visually determining area percentage of rust.
Salt spra§ testing (SST: in compliance with JIS-Z~2371-
2000) : The evaluation was performed with the following
evaluation criteria on the basis of the area percentage of
white rust after a lapse of 120 hours from SST by visual
inspection.
Evaluation criteria:

Excellent: white-rust area percentage of less than 5%
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Good: white-rust area percentage of 5% or more and less than
20%

Fair: white-rust area percentage of 20% or more and less
than 40%

Poo¥: white-rust area percéntage of 40% or more

[06078]

(5-2) Evaluation of overpaintability (adhesion)

Specimens having the same size as that of the above-
described specimens were painted with a commercially
available melamine alkyd paint and baked at 140°C foxr 30
minutes such that the resqltant painted film had a thickness
of 30 pm. After that, the specimens were immersed in
boiling water for 2 hours and a surface of each specimen was
then cut in a pattern of 100 squares having 1 mm sides with
an NT cutter to such a depth as to reach the base steel.

The specimen was subjected to cupping by 5 mm with an
Erichsen tester such that the cut portion was on the outer
(Eront) side. A tape was removed from the painted f£ilm and
the remaining state of the painted film was evaluated in a
manner below. The Erichsen cupping conditions were
compliance with JIS-2-2247-2006 (Erichsen value symbol: IE)
and the punch diameter was 20 mm, the die diameter was 27 mm,
and the drawing width was 27 mm.

Evaluation criteria:

Excellent: delamination aréa of less than 5% and no
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delamination
Good: delamination area of less than 10% and 5% or more
Fair: delamination area of less than 20% and 10% or moxe
Poor: delamination area of 20% ér more
[0079]
(5-3) Evalvation of continuity

‘Each test sheet was evaluated by measuring surface
resistivity thereof with an ESP probe of a Loresta GP
manufactured by Mitsubishi Chemical Analytech Co., Ltd.
Surface resistivity was measured every time when the load on
the probe was increased by 50 g and the evaluation was
performed on the basis of the minimum load under which 107! Q
or less was achieved.
Excellent: average load of 10-point measurement’was less
than 250 g
Very good: average load of 10-point measurement was 250 g or
more and less than 500 g
Good: average load of 10-point measurement was 500 g or more
and less than 750 g
Fair: average load of 10-point measurement was 750 g or more
and less than 850 g
Poor: average load of 10-point measurement was 950 g or more
[0080]
(5-4) Evaluation of storage stability

The surface-treatment agents having compositions
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The surface-treatment agents having compositions
described in Table 1 were stored in a constant temperature
chamber at 40°C for 30 days. The appearance of the surface-
treatment agents was evaluated by visual inspection.
Excellent: no change
Good: very small amouﬁt of precipitation
Fair: small amount of precipitation or an increase in
viscosity to some extent
Poor: large amount of precipitation or gelation
[00B11]

(5-5) Evaluation of lubricity

A disc-shaped specimen having a diameter of 100 mm was
cut from sach surface-treated test sheet and formed into a
cup under conditions: a punch diameter of 50 mm, a die
diameter of 51.91 mm, and a blank holding force of 1 ton.
The. appearance of the drawn surface of the formed product

{side surface of the cup) was visually inspected and was

evalvuated in terms of how scratched it was and how blackened

it was. The following evaluation criteria were used.
BExcellent: almost no change over the entire surface, uniform
appearance

Good: slightly scratched and blackened and clearly
nonuniform appearance

Fair: severely scratched and blackened mainly in corner

portions
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Poor: cracked and the forming was not achieved
[00B2]

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

Note that, in Comparative examples 8% and 101, the
treatment solutions were unstable and films were not formed.
Thus, the evaluations were not performed.

[00B3]
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[Table 3 (No. 1)) -

Corrosion : P Storage .,
Teck soridtion sy Adhesion | Continuity stability Lubricity
Example i Good Excellent } Excellent | Excellent Good
Example 2 | Excellent | Excellent j Excellent | Excellent Good
Example 3 | Excellent | Excellent | Excellent | Excellent Good
Example 4 | Excellent | Excellent | Excellent | Excellent Good
Example 5 | Excellent | Excellent | Excellent | Excellent Good
Example 6 | Excellent | Excellent | Excellent | Excellent Good
Example 7 | Excellent | Excellent | Excellent | Excellent Good
Example 8 | Excellent | Excellent | Very good | Excellent Good
Example 9 Good Excellent | Excellent | Excellent (GGood
Example 10 | Excellent | Excellent | Excellent | Excellent Good
Example 11 | Excellent | Excellent | Excellent | Excellent Good
Example 12 | Excellent | Excellent | Excellent | Excellent Good
Example 13 | Excellent | Excellent | Excellent | Excellent Good
Example 14 | Excellent | Excellent | Excellent | Excellent Good
Example 15 | Excellent | Excellent | Excellent | Excellent Good
Example 16 | Excellent | Excellent | Excellent | Excellent Good
Example 17 | Excellent | Excellent | Excellent | Excellent Good
Example 18 | Excellent | Excellent | Excellent | Excellent Good
Example 19 | Excellent | Excellent | Excellent | Excellent Good
Example 20 | Excellent § Excellent | Excellent | Excellent Good
Example 21 | Excellent | Excellent { Excellent | Excellent Good
Example 22 Good Good Excellent | Excellent Good
Example 23 | Excellent | Excellent | Excellent | Excellent |- Good
Example 24 | Excellent | Excellent | Excellent | Excellent Good
Example 25 Good Excellent | Very good | Excellent Good
Example 26 | Excellent | Excellent | Excellent | Excellent Good
Example 21 | Excellent Good Excellent | Excellent Good
Example 28 Good Excellent | Excellent | Excellent Good
Exampls 29 | Excellent | Excellent | Excellent | Excellent Good
Example 30 | Excellent | Excellent | Excellent | Excellent Good
Example 31 § Excellent | Excellent | Excellent | Excellent Good
Example 32 | Excellent | Excellent | Excellent | Excellent Good
Example " 33 | Excellent | Excellent | Excellent | Excellent Good
Example 34 | Excellent | Excellent | Excellent | Excellent Good
Example 35 | Excellent | Excellent | Excellent | Excellent Good
Example 36 | Excellent | Excellent | Excellent | Excellent Good
Example 37 | Excellent | Excellent | Excellent | Excellent Good
Example 38 | Excellent | Excellent | Excellent | Excellent Good
Example 39 | Excellent | Excellent | Excellent | Excellent Good
Example 40 Good Excellent | Excellent | Excellent Good
Example 41 | Excellent | Excellent } Excellent | Excellent Good
Example 42 Good Excellent | Excellent | Excellent Good
Example 43 | Exeellent | Excellent | Excellent | Excellent Good
Example 44 ) Excellent | Excellent } Excellent | Excellent Good
Example 45 | Excellent | Excellent | Excellent | Excellent Good
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[Table 3 (No.2)]
. Corrosien : i Storage o
Tk wordition S S Adhesion | Continuity stability Lubricity
Example 46 | Excellent | Excellent | Excellent | Excellent Good
Example 47 | Excellent | Excellent | Excellent | Excellent Good
Example 48 | Excellent | Excellent | Very good| Excellent Good
Example 49 | Excellent Good Very good| Excellent Good
Example 50 | Excellent CGood . CGood Excellent Good
Example 51 Good Excellent | Excellent | Excelient Good
Example 52 | Excellent | Excellent | Excellent | Excellent Good
Example 53 | Excellent | Excellent | Excellent | Excellent Good
Example 54 | Excellent | Excellent { Excellent | Excellent Good
Example 55 Good Excellent | Excellent | Excellent Good
Example 56 | Excellent | Excellent | Excellent | Excellent Good
Example 57 | Excélient | Excellent | Excellent | Excellent Good
Example 58 | Excellent | Excellent | Very good | Excellent Good
Example 59 | Excellent | Excellent | Excellent | Excellent Good
Example 60 Fair Excellent | Excellent | Excellent | Good
Example 61 | Excellent | Excellent | Excellent | Excellent Good
Example 62 Good Excellent | Excellent | Excellent Good
Example 63 | Excellent | Excellent | Excellent | Excellent Good
Example 64 | Excellent | Excellent | Excellent | Excellent Good
Example 65 Good Excellent | Excellent | Excellent Good
Example 66 Fair Excellent Good Excellent Good
Example 67 | Excellent | Excellent { Excellent | Excellent Good
Exampie 68 | Excellent | Excellent | Excellent | Excellent Good
Example 69 Good Excellent { Exeellent | Excellent Good
Exarple 70 Good Excellent Fair Excellent | Excellent
Example 71 | Excellent | Excellent | Excellent | Excellent Good
Example 72 | Excellent | Excellent | Excellent | Excellent CGood
Example 73 | Excellent | Excellent | Excellent | Exsellent Good
Example 74 Good Excellent | Excellent | Excellent Good
Example 75 Fair Excellent | Very good | Excellent | Excellent
Example 76 | Excellent | Excellent | Excellent | Excellent | Excellent
Example 77 | Excellent | Excellent | Excellent | Excellent | Excellent
Example .78 | Excellent | Excellent | Very good | Excellent | Excellent
Example 79 | Excellent Good Good Excellent | Excellent
Example 80 | Excellent Good Fair Excellent | Excellent
Example 81 Good Excellent | Very good Good Excellent
Comparative example| 82 Poor Fair Very guod Good Good
Comparative example| 83 Good Fair Poor Good Fair
Comparative example| 84 Poor Fair Poor Excellent Poor
Comparative example] 85 Fair Poor Very good Fair Fair
Comparative example| 86 Poor Fair Very good Fair Good
Comparative example| 87 Poor Fair Very good Fair Geod
Comparative example] 88 Poor Fair Very good | Excellent Poor
Comparative example| 89 - - - Poor =
Comparative example| 90 Poor Fair Very good| Excellent Good
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[Table 3 (No. 3)]

Test condition r(::;:::;zr; Adhesion | Continuity SS::&;?: Lubricity
Comparative example| 91 | * Good Fair Poor Fair Good
Comparative example| 82 Poor Poor Poor Excellent Good
Comparative example] 93 Poor Poor Poor Excellent Good
Comparative example] 94 Poor Good Excellent | Excellent Poor
Comparative example| 95 | Excellent Fair Poor Excellent Good
Comparative example| 96 Peor Good Excellent | Excellent Fair
Comparative example| 97 | Excellent Fair Poor Excellent | Excellent
Comparative example] 98 Poor Fair Fair Fair Good
Comparative example] 99 Poor Fair Fair Excellent Good
Comparative example| 100 Poor Poor Good . Fair Poor
Comparative example] 101 - - - Poor =
Comparative example| 102 Poor Fair Fair Excellent Good
Comparative examplel 103 Poor Fair Fair Good Good

[008B4]

As described in Table 3,

galvanized steel sheets

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

A galvanized steel sheet can be provided that has a
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film completely free from regulated substances causing
pollution such as hexavalent chromium, has various
properties such as corrosion resistance and adhesion, and
allows for excellent continuity without degrading corrosion
resistance even under a severe condition in which the steel
sheet is in contact with a gasket or the like at a low

contact pressure.


IP-TEMP
Rectangle


10

15

20

25

Our Ref.20098502035
_61_

CLAIMS
[Claim 1]

B galvanized steel sheet comprising z surface-treatment
film having a coating weight of 50 to 1200 mg/m® relative to
a surface of the galvanized steel sheet, wherein the
surface-treatment film is obtained by applying a surface-
treatment agent to the surface of the galvanized steel sheet
and drying the surface-~treatment agent by heating; and the
surface-treatment agent is prepared so as to contain a
water-soluble zirconium compound (A), a tetraalkoxysilane
(B), an epoxy-group-containing compound (C), a chelating
agent (D), a vanadate compound (E}, and a metal compound (F)
containing one or more metals selected from the group
consisting of Ti, AL, and Zn, to have a pH of B to 10, and

to satisfy conditions (I) to (V) below,

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

(IT) a ratio (B/C) of the mass of the tetraalkoxysilane
(B) to a mass of the epoxy-group-containing compound (C) is
0.1 to 1.6;

(III) a ratio (B/D) of the mass of the
tetraalkoxysilane (B) to a mass of the chelating agent (D)

is 0.3 to 2.0;
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(IV) a ratio (E/D) of a mass of the vanadate compound
(B) in terms of V to the mass of the chelating agent (D) is
0.03 to 1.0; and |

(V) a ratio (F/D) of a totaf metal mass of the metal
compound (F) to the mass of the chelating ageﬁt (D) is 0.05
to 0.8B.

[Claim 2]

The galvanized steel sheet according to 'Claim 1,
wherein the goating weight relative to the surface is 50 to
500 mg/m2.

[Claim 3]

The galvanized steel sheet according to Claim 1 or 2,
wherein the surface-treatment agent further contains a
lubricant {G) and a content of the lubricant (G) is 1 to 10
mass% relative to a total solid content of the surface-
treatment agent:

[Claim 4]

The galvanized steel sheet according to any one of
Claims 1 to 3, wherein the surface-treatment agent further
contains a nonionic acrylic resin emulsion (H) and a content
of the nonionic acrylic resin emulsion (H) is 0.5 to 45.0
mass% relative to a total solid content of the surface-
treatment agent.

[Claim 5]

The galvanized steel sheet according to Claim 4,
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wherein the content of the nonionic acrylic resin emulsion
(HY is 0.5 to 4.5 mass% relative to the total solid content

of the surface-treatment agent.
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